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General Release Specification Introduction

1.2 Introduction

The MC68HC708AS48 is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUs). The M68HC08
Family is based on the customer-specified integrated circuit (CSIC)
design strategy. All MCUs in the family use the enhanced M68HCO08
central processor unit (CPU08) and are available with a variety of
modules, memory sizes and types, and package types.

1.3 Features
Features of the MC68HC708AS48 include:

* High-Performance M68HCO08 Architecture

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

* 4-MHz Internal Bus Frequency

» 48 Kbytes of On-Chip Erasable Programmable Read-Only
Memory (EPROM) or One-Time Programmable Read-Only
Memory (OTPROM)

e On-Chip Programming Firmware for Use with Host Personal
Computer

» EPROM/OTPROM Data Security

* 640 Bytes of On-Chip Electrically Erasable Programmable Read-
Only Memory (EEPROM)

* 1.5 Kbytes of On-Chip RAM

» Serial Peripheral Interface Module (SPI)

» Serial Communications Interface Module (SCI)

» 16-Bit, 6-Channel Timer Interface Module (TIM)

* Clock Generator Module (CGM)

» 8-Bit, 15-Channel Analog-to-Digital Converter Module (ADC)

» SAE J1850 Byte Data Link Controller Digital Module (BDLC-D)

MC68HC708AS48 — Rev. 2.0
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» System Protection Features
— Computer Operating Properly (COP) Optional with Reset
— Low-Voltage Detection with Optional Reset
— lllegal Opcode Detection with Optional Reset
— lllegal Address Detection with Optional Reset

* Low-Power Design (Fully Static with Stop and Wait Modes)

e Master Reset Pin and Power-On Reset
Additional features of the 64-pin plastic quad flat pack (QFP) include:

* PTCS5 General Input/Output (1/0O) Port

* PTD7 General I/O Port with A/D Function
* PTF4 General 1/0 Port

* Three PTG General I/0O Ports

Features of the CPUOS8 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

* Binary-Coded Decimal (BCD) Instructions

» Optimization for Controller Applications

* C Language Support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC708AS48.

MC68HC708AS48 — Rev. 2.0

MOTOROLA General Description 25



MCU Block Diagram

General Release Specification

(AINO 39VYNOVd Nid-¥9 :91d)

091d-z91d @

9ld
94dad

U

(AINO 39VNOVd NId-¥9 :741d)

CHOL/0d1ld >
€HOL/T41d
¥HOL1/ed1d
GHOLl/€d1d

v41d

d1d
44aa

ax1/03Ld
axd13ald
0HOL/Z3Ld
THOL/E3Ld
SSivald
0SIW/SaLd
ISOW/93Ld
Y0SdS//3Ld

AERRRRAREAL!

31d

34ad

(AINO 39VX0Vd Nid-¥9 :STALY/LALd)

¢

801v/0d.1ld-6A1v/TdLld
0Tdlv/eald —»

11d1v/edld-€1d1v/sdld AHV

A101/vTALY/901ld <3
S101v/.dld <

adld
adaa

U

(AINO 39VNOVd NId-+9 :§01d)

s

Jld
odaa

001d-T01d
ATON/ZO1d <>

€01d-901d AHV

0dlv/0da1ld-,2dlv/.d1d AHV

dld
g4ad

0V.ld-2Vld @

V.id
vydad

weibeig 3o0|g NDIN "T-T 84nbi-

S

SNA TYNY3LNI

P ._u_m_m\<<ww>
la@—— J34VAa >\<n_o A
43amod aay
< wm>
AU 3INAOW
ax1z1o axdz1o 13534 NO-43IMOd
N I1NAOW
N1 Ol — 1Ml
N 31NAOW TVLI9Id
N HITI0YLNOD YNITYL1Va ILAG PN
3INAOW
N1 NOILYYOILNI WILSAS — 15
N 31NAOW A
N/ JOVAYILNI IWHIHdIMId VIS
e— O4XINDD
N IINAON “«— 7750
N1 HOLYHINID M201D
N 31NAOW <— 1050
N 30V44ILNI SNOILYOINNIWINOD TvVIM3S
@ S3LAE 9¢ — IDVdS HOLOIA WOHdT ¥3SN
@ 31NAOW
FOVAAIINIUINIL (] S31A9 22 — NOY HOLINOW
JINAON \_|_/ @ S3LAG 9€GT — VY Jd3SN
A143d0¥d ONILVHYIO ¥3LNdN0D NV
@ S31AE 079 — WOY¥AIT ¥3SN
IINAOW N
LIGIHNI 39VLI0A-MO1 N/
@ S3LA4 ZGT'6Y — NOMT ¥3SN
37INAOW N
Av3d N N S3LAG 29 — SHALSIOTY SNLVLS ANV TOHINOD
N/
3IINAOW
3LYIANOD TVLIDIA-0L-D0TYNY
(Nv) LINN SY31S193Y
N DI90T/DILINHLIYY ndo
Iu_mm> [|_\
NdD 800H8IN

MC68HC708AS48 — Rev. 2.0

MOTOROLA

General Description

26



General Release Specification
Pin Assignments

1.5 Pin Assignments

Figure 1-2 shows the QFP pin assignments, and Figure 1-3 shows
PLCC pin assignments.
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Figure 1-2. 64-Pin QFP Assignments (Top View)
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Figure 1-3. 52-Pin PLCC Assignments (Top View)

1.5.1 Power Supply Pins (Vpp and V)

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 Figure 1-4
shows. 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.

MC68HC708AS48 — Rev. 2.0
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MCU

c1
0.1pF

O e
VDD

NOTE: Component values shown represent typical applications.

Figure 1-4. Power Supply Bypassing

Vg 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
Section 16. Serial Peripheral Interface (SPI) .)

NOTE: Vss must be grounded for proper MCU operation.

1.5.2 Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator
circuit. (See Section 8. Clock Generator Module (CGM) )

1.5.3 External Reset Pin (RST)

A logic zero on the RST pin forces the MCU to a known startup state.
RST is bidirectional, allowing a reset of the entire system. It is driven low
when any internal reset source is asserted. (See Section 7. System
Integration Module (SIM) for more information.)

MC68HC708AS48 — Rev. 2.0
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1.5.4 External Interrupt Pin (IRQ1/V,p)

IRQ1/Vy, is an asynchronous external interrupt pin. IRQ1/V, is also the
EPROM/OTPROM programming power pin. (See Section
4. EPROM/OTPROM and Section 14. External Interrupt (IRQ) .)

1.5.5 Analog Power Supply Pin (Vppa/VDDAREF)

Vppa/Voparek IS the power supply pin for the analog portion of the chip.
These modules are the analog-to-digital converter and the clock
generator module (CGM). (See Section 8. Clock Generator Module
(CGM) and Section 18. Analog-to-Digital Converter (ADC) )

1.5.6 Analog Ground Pin (Vssa/VRerD)

The Vgsa/VrepL analog ground pin is used only for the ground
connections for the analog sections of the circuit and should be
decoupled as per the V44 digital ground pin. The analog sections consist
of a clock generator module (CGM), and an analog to digital converter
(ADC). (See Section 8. Clock Generator Module (CGM) and
Section 18. Analog-to-Digital Converter (ADC) )

1.5.7 Vg External Filter Capacitor Pin (CGMXFC)

CGMXEFC is an external filter capacitor connection for the CGM. (See
Section 8. Clock Generator Module (CGM) )

1.5.8 Port A Input/Output (I1/0) Pins (PTA7-PTAO0)

PTA7-PTAO are general-purpose bidirectional I/O port pins. (See
Section 19. Input/Output (I/O) Ports .)

1.5.9 Port B I/O Pins (PTB7/ATD7-PTB0/ATDO)

Port B is an 8-bit special function port that shares all eight pins with the
analog-to-digital converter (ADC). (See Section 18. Analog-to-Digital
Converter (ADC) and Section 19. Input/Output (I/0O) Ports .)
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1.5.10 Port C I/0 Pins (PTC5-PTCO)

PTC5-PTC3 and PTC1-PTCO are general-purpose bidirectional 1/0
port pins. PTC2/MCLK is a special function port that shares its pin with
the system clock. (See Section 19. Input/Output (I/O) Ports .) PTC5is
available only with the 64-pin package.

1.5.11 Port D I/O Pins (PTD7/ATD15-PTDO/ATDS8)

Port D is an 8-bit special function port that shares all of its pins with the
analog-to-digital converter module (ADC) and one of its pins with the
timer interface module (TIM). (See Section 17. Timer Interface (TIM)
Section 18. Analog-to-Digital Converter (ADC) , and

Section 19. Input/Output (I/O) Ports .) PTD7/ATD15 is available only
with the 64-pin package.

1.5.12 Port E I/0O Pins (PTE7/SPSCK-PTEO/TXD)

Port E is an 8-bit special function port that shares two of its pins with the
timer interface module (TIM), four of its pins with the serial peripheral
interface module (SPI), and two of its pins with the serial communication
interface module (SCI). (See Section 15. Serial Communications
Interface (SCI) , Section 16. Serial Peripheral Interface (SPI) ,
Section 17. Timer Interface (TIM) , and Section 19. Input/Output
(I/O) Ports .)

1.5.13 Port F I/0 Pins (PTF4-PTFO/TCH2)

Port F is a 5-bit special function port that shares four of its pins with the
timer interface module (TIM). (See Section 17. Timer Interface (TIM)
and Section 19. Input/Output (I/O) Ports .) Port F4 is only available
with the 64-pin package.

1.5.14 Port G I/0O Pins (PTG2-PTGO)

PTG2-PTGO are general-purpose bidirectional 1/0 pins.
(See Section 19. Input/Output (1/0O) Ports .) Port G is available only
with the 64-pin package.

MC68HC708AS48 — Rev. 2.0
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1.5.15 Class Il Transmit Pin Digital (CL2TxD)

CL2TxD is a serial digital output data from the J1850 physical interface.
(See Section 20. Byte Data Link Controller-Digital (BDLC-D) ).

1.5.16 Class Il Receive Pin Digital (CL2RxD)

CL2RxD is a serial digital input data from the J1850 physical interface.
(See Section 20. Byte Data Link Controller-Digital (BDLC-D) ).

Table 1-1. External Pins Summary

DRIVER RESET
PIN NAME FUNCTION TYPE HYSTERESIS STATE
PTA7-PTAO General-Purpose 1/0 Dual State No Input (Hi-2)
PTB7/ATD7—- General-Purpose I/0 :
PTBO/ATDO ADC Channel Dual State No Input (Hi-Z)
PTC5-PTCO General-Purpose 1/0 Dual State No Input (Hi-2)
General-Purpose I/0 :
PTD7/ATD15 ADC Channel Dual State No Input (Hi-2)
General-Purpose I/0
PTD6/ATD14/TCLK ADC Channel/Timer Dual State No Input (Hi-2)
External Input Clock
PTD5/ATD13— General-Purposel/O :
PTD3/ATD11 ADC Channel Dual State No Input (Hi-Z)
General-Purpose Input .
PTD2/ATD10 ADC Channel NA No Input (Hi-Z)
PTD1/ATD9- General-Purpose I/0 :
PTDO/ATDS ADC Channel Dual State No Input (Hi-Z)
General-Purpose I/0 Dual State :
PTE7/SPSCK SPI Clock (Open Drain) Yes Input (Hi-2)
General-Purpose 1/0 Dual State :
PTE6/MOSI SPI Data Path (Open Drain) ves Input (Hi-2)
General-Purpose 1/0 Dual State :
PTE5/MISO SP| Data Path (Open Drain) Yes Input (Hi-2)
== General-Purpose I/0 :
PTE4/SS SP| Slave Select Dual State Yes Input (Hi-2)
General-Purpose I/0 :
PTE3/TCH1 Timer Channel 1. Dual State Yes Input (Hi-2)
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Table 1-1. External Pins Summary (Continued)

DRIVER RESET
PIN NAME FUNCTION TYPE HYSTERESIS STATE
General-Purpose I/0 .
PTE2/TCHO Timer Channel 0 Dual State Yes Input (Hi-2)
General-Purpose I/0 .
PTE1/RxD SCI Receive Data Dual State Yes Input (Hi-2)
General-Purpose I/0 .
PTEO/TxD SCI Transmit Data Dual State Yes Input (Hi-2)
PTF4 General-Purpose 1/0 Dual State No Input (Hi-2)
General-Purpose I/0 .
PTF3/TCH5 Timer Channel 5 Dual State Yes Input (Hi-2)
General-Purpose I/0 .
PTF2/TCH4 Timer Channel 4 Dual State Yes Input (Hi-2)
General-Purpose I/0 .
PTF1/TCH3 Timer Channel 3 Dual State Yes Input (Hi-2)
General-Purpose I/0 .
PTFO/TCH2 Timer Channel 2 Dual State Yes Input (Hi-2)
PTG2-PTGO General-Purpose 1/0 Dual State Yes Input (Hi-2)
Voo Chip Power Supply NA NA NA
Vgs Chip Ground NA NA NA
Analog Power Suppl
Vooa/VDDAREF (CGgM and ADCF:))py NA NA NA
Vssa/VREFL Analog Ground NA NA NA
vj— A/D Reference Voltage NA NA NA
OSC1 External Clock In NA NA Input (Hi-2)
0scC2 External Clock Out NA NA Output
CGMXFC PLL Loop Filter Cap NA NA NA
External Interrupt Request
IRQ1/Vpp EPROM Programming NA NA Input (Hi-Z)
Voltage
RST Reset NA NA Output Low
CL2RxD BDLC-D Serial Input NA No Input (Hi-2)
CL2TxD BDLC-D Serial Output Output No Output Low
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Table 1-2. Clock Source Summary

Clock Source

Module
ADC CGMXCLK or Bus Clock
BDLC CGMXCLK
COP CGMXCLK
CPU Bus Clock
EEPROM CGMXCLK or Bus Clock
SPI Bus Clock/SPSCK
SClI CGMXCLK
TIM Bus Clock or PTD6/ATD14/TCLK

MC68HC708AS48 — Rev. 2.0
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Section 2. Memory Map

2.1 Contents

2.2 Introduction

2.3 I/O Section

2.2 Introduction

The CPUO08 can address 64 Kbytes of memory space. The memory
map, shown in Figure 2-1, includes:

» 48 Kbytes of EPROM or OTPROM
* 1.5 Kbytes of RAM
» 36 bytes of user-defined vectors

o 224 bytes of monitor ROM

MC68HC708AS48 — Rev. 2.0
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$0000

$003F
$0040

$004F
$0050

$064F
$0650

$07FF
$0800

$0A7F
$0A80

$3DFF
$3E00

$FDFF
$FE00
$FEOL
$FE02
$FEO3
$FE04
$FE05
$FE06
$FEO7

I/O REGISTERS (62 BYTES)
($000B & $000F ARE NOT IMPLEMENTED)

UNIMPLEMENTED (16 BYTES)

RAM (1536 BYTES)

UNIMPLEMENTED (432 BYTES)

EEPROM (640 BYTES)

UNIMPLEMENTED (13,184 BYTES)

EPROM (49,152 BYTES)
(SAE00-$FDFF FOR 20,480 BYTES)

SIM BREAK STATUS REGISTER (SBSR)

SIM RESET STATUS REGISTER (SRSR)

RESERVED

SIM BREAK FLAG CONTROL REGISTER (SBFCR)

RESERVED

RESERVED

UNIMPLEMENTED

EPROM CONTROL REGISTER (EPMCR)

Figure 2-1. Memory Map
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Introduction

$FEO8 RESERVED
$FE09 RESERVED
$FEOA RESERVED
$FEOB UNIMPLEMENTED
$FEOC BREAK ADDRESS REGISTER HIGH (BRKH)
$FEOD BREAK ADDRESS REGISTER LOW (BRKL)
$FEOE BREAK STATUS AND CONTROL REGISTER (BRKSCR)
$FEOF LVI STATUS REGISTER (LVISR)
$FEL0

! UNIMPLEMENTED (12 BYTES)
$FE1B
$FELC EEPROM NON-VOLATILE REGISTER (EENVR)
$FELD EEPROM CONTROL REGISTER (EECR)
$FELE RESERVED
$FELF | EEPROM ARRAY CONFIGURATION REGISTER (EEACR)
$FE20

! MONITOR ROM (224 BYTES)
$FEFF
$FF00

! UNIMPLEMENTED (192 BYTES)
$FFBF
$FFCO

! RESERVED (28 BYTES)
$FFDB
$FFDC

! VECTORS (36 BYTES)
$FFFF

Figure 2-1. Memory Map (Continued)
MC68HC708AS48 — Rev. 2.0
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2.3 1/0 Section

Addresses $0000—-$003F, shown in Figure 2-2, contain most of the
control, status, and data registers. Additional I/O registers have these
addresses:

* $FEOO (SIM break status register, SBSR)

* S$FEOL1 (SIM reset status register, SRSR)

* $FEO3 (SIM break flag control register, SBFCR)

* $FEO7 (EPROM control register, EPMCR)

» $FEOC and $FEOD (break address registers, BRKH and BRKL)
* $FEOE (break status and control register, BRKSCR)

» $FEOF (LVI status register, LVISR)

 $FE1C (EEPROM non-volatile register, EENVR)

* $FE1D (EEPROM control register, EECR)

* $FE1F (EEPROM array configuration register, EEACR)
» $FFFF (COP control register, COPCTL)

NOTE: DMA section and associated functions are valid only if the MCU has a
DMA module.

Table 2-1 is a list of vector locations.
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Addr.
$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000A

$000B

$000C

$000D

$000E

$000F

$0010

$0011

$0012

$0013

$0014

General Release Specification

I/O Section
Name Bit 7 6 5 4 3 2 1 Bit 0
Port A Data Register (PTA) % PTA7 PTAG6 PTA5 PTA4 PTA3 PTA2 PTAL PTAQ
Port B Data Register (PTB) % PTB7 PTB6 | PTB25 PTB4 PTB3 PTB2 PTB1 PTBO
. R: 0 0
Port C Data Register m PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
Port D Data Register (PTD) % PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
Data Direction Register A (DDRA) % DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRAL | DDRAO
Data Direction Register B (DDRB) % DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
Data Direction Register C (DDRC) % MCLKEN 0 DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
Data Direction Register D (DDRD) % DDRD7 | DDRD6 | DDRD5 | DDRD4 | DDRD3 0 DDRD1 | DDRDO
Port E Data Register (PTE) % PTE7 PTE6 PTES PTE4 PTE3 PTE2 PTE1 PTEO
. R: 0 0 0
Port F Data Register (PTF) W PTF4 PTF3 PTF2 PTF1 PTFO
Port G Data Register (PTG) VF:/f 0 0 0 0 0 | pre2 | pTG1 | PTGO
Unimplemented R
P W:
Data Direction Register E (DDRE) % DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREO
S . R: 0 0 0
Data Direction Register F (DDRF) m DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO
Data Direction Register G (DDRG) VI\Q/ 0 0 0 0 0 DDRG?2 | DDRG1 | DDRGO
Unimplemented R
P W:
SPI Control Register (SPCR) % SPRIE | DMAS | SPMSTR| CPOL CPHA | SPWOM | SPE SPTIE
SPI Status and Control Register| R:| SPRF OVRF MODF SPTE
(SPSCR)[W: ERRIE MODFEN| SPR1 SPRO
. R:| R7 R6 R5 R4 R3 R2 R1 RO
SPIData Register (SPDR) 1y = T6 T5 T4 T3 T2 T1 70
SCI Control Register 1 (SCC1) % LOOPS | ENSCI | TXINV M WAKE ILTY PEN PTY
SCI Control Register 2 (SCC2) % SCTIE | TCIE | SCRIE ILIE TE RE RWU SBK
\:| = Unimplemented E = Reserved

Figure 2-2. Control, Status, and Data Registers
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Addr.
$0015

$0016

$0017

$0018

$0019

$001A

$001B

$001C

$001D

$001E

$001F

$0020

$0021

$0022

$0023

$0024

$0025

$0026

$0027

$0028

$0029

Name Bit 7 6 5 4 3 2 1 Bit 0
SCI Control Register 3 (SCC3) VT/ R8 T8 DMARE | DMATE | ORIE NEIE FEIE PEIE
SCI Status Register 1 (SCS1) VI-;(/ SCTE TC SCRF IDLE OR NF FE PE
SCI Status Register 2 (SCS2) \; 0 0 0 0 0 0 BKF RPF
. R:| R7 R6 R5 R4 R3 R2 R1 RO
SCI Data Register (SCDR) Wl 17 76 T5 2 T3 T2 T1 7o
SCI Baud Rate Register (SCBR) VIT/ 0 0 SCP1 SCPO SCR2 | SCR1 | SCRO
IRQ Status and Control Register| R: 0 0 0 0 IRQF1 0
(ISCR)[W: ACKL IMASK1 | MODE1
R:
Reserved m
PLL Control Register (PCTL) % PLLIE PLLF PLLON BCS L L L L
PLL Bandwidth Control Register | R: LOCK | == 0 0 0 0
(PBWC)[W: AUTO ACQ XLD
PLL Programming Register (PPG) % MUL7 | MUL6 | MUL5 MUL4 VRS7 VRS6 | VRS5 VRS4
Configuration Register (CONFIG) % LVIRSTD | LVIPWRD | SSREC | COPL | STOP | COPD
Timer Status and Control Register| R:| TOF 0 0
(TS0)[W: 0 TOIE | TSTOP TRST PS2 PS1 PSO
Timer DMA Select Register (TDMA) VT/ 0 0 DMA5S | DMA4S | DMA3S | DMA2S | DMALS | DMAOS
Timer Counter Register High| R:| Bit 15 14 13 12 11 10 9 Bit 8
(TCNTH) | W:
Timer Counter Register Low| R:|  Bit7 6 5 4 3 2 1 Bit 0
(TCNTL)|W:
Timer Modulo Register High| R:| . .
(TMODH) [W: Bit 15 14 13 12 11 10 9 Bit 8
Timer Modulo Register Low| R:| . .
(TMODL)[W: Bit 7 6 5 4 3 2 1 Bit 0
Timer Channel 0 Status and Control| R:| CHOF
Register (TSCO)[W: 0 CHOIE | MSO0B MSOA | ELSOB | ELSOA | TOVO | CHOMAX
Timer Channel 0 Register High| R:| . .
(TCHOH) [W: Bit 15 14 13 12 11 10 9 Bit 8
Timer Channel 0 Register Low| R:| . .
(TCHOL) [ W Bit 7 6 5 4 3 2 1 Bit 0
Timer Channel 1 Status and Control| R:| CHI1F 0
Register (TSC1)[W: 0 CH1IE MSI1A | ELSIB | ELS1A | TOV1 | CHIMAX
|:| = Unimplemented |I| = Reserved

Figure 2-2. Control, Status, and Data Registers (Continued)
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I/O Section
Addr. Name Bit 7 6 5 4 3 2 1 Bit 0
$0024 |  'mer Channel 1 Regi?;eé:liag% Bit1s | 14 13 12 1 10 9 Bit 8
googg | |merChannel 1 Regigg;ﬁ;’% Bit 7 6 5 4 3 2 1 Bit 0
$002C | T™Mer Cha””e'ZSt%tgsi;’;‘: E:T(g‘gg VF:/ C%ZF CH2IE | MS2B | MS2A | ELS2B | ELS2A | TOV2 |CH2MAX
soo2p | Tmer Cha””e'ZRegi?;eé:;ﬂ;% Bit1s | 14 13 12 1 10 9 Bit 8
gooog | |mer Channel 2 Regigg;;z‘)’ % Bit 7 6 5 4 3 2 1 Bit0
$002F | 11Mer Cha”“'”ﬁ‘g;:;‘: ?Tosf‘gg)' vs C'j)sF CH3IE 2| Ms3A | ELS3B | ELS3A | TOVS | CHBMAX
s0030 | mer Cha””e'?’Regi?;eé:;ﬂ;% Bit1s | 14 13 12 1 10 9 Bit 8
goozy | 'merChannel3 Regigg;gz‘)’ % Bit 7 6 5 4 3 2 1 Bit 0
$0032 |TMer Cha””e"‘St%tgsi;’;‘: E:T(g‘gf)' VF:/ C'j;‘F CHAIE | MS4B | MS4A | ELSAB | ELS4A | TOVA | CHAMAX
so033 | mer Cha””e"‘Regi?;eé:ﬂ;% Bit1s | 14 13 12 1 10 9 Bit 8
$0034 |  |'merChannel4 Regigg;ﬁ‘)’ % Bit 7 6 5 4 3 2 1 Bit0
$0035 |1 Mer Channel 53‘22;?;‘: E:T(g‘gg)' VF:/ C%SF CHslE [0 MS5A | ELS5B | ELS5A | TOV5 | CHSMAX
$0036 | 1imer Channel5 Regi?fé:;ﬂ;% Bit1s | 14 13 12 1 10 9 Bit 8
gooz7 | 1'merChannel5 Regigg;gz‘)’ % Bit 7 6 5 4 3 2 1 Bit 0
$0038 ADSCR % COCO | AIEN | ADCO | ADCH4 | ADCH3 | ADCH2 | ADCHL | ADCHO
$0039 OR VF\{/ AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | ADL | ADO
$003A ADCLK % ADV2 | ADIVL | ADIVO | ADICLK |2 0 0 0
$003B BARD % ATE | RxPOL [l 0 BO3 | BO2 | BOL | BOO
$003C BCRL % IMSG | CLKS | R1 RO 0 0 E | weMm
$003D BCR2 % ALOOP | DLOOP | RX4XE | NBFS | TEOD | TSIFR | TMIFRL | TMIFRO

\:| = Unimplemented E = Reserved
Figure 2-2. Control, Status, and Data Registers (Continued)
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Addr.
$003E

$003F

$FE00

$FEO1

$FEO3

$FEQ7

$FEOC

$FEOD

$FEOE

$FEOF

$FE1C

$FE1D

$FELE

$FE1F

$FFFF

Name Bit 7 6 5 4 3 2 1 Bit 0
BSVR R: 0 0 13 12 11 10 0 0
W:
BDR % BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO
SIM Break Status Register | R:|
(SBSR)[W: R R R R R R SBSW R
SIM Reset Status Register (SRSR) \; POR PIN cop ILOP ILAD 0 Lvi 0
SIM Break Flag Control Register| R:|
(SBFCR) (W BCFE R R R R R R R
EPROM Control Register (EPMCR) \; 0 0 0 0 0 ELAT 0 EPGM
Break Address Register High| R:| . .
(BRKH)[W: Bit 15 14 13 12 11 10 9 Bit 8
Break Address Register Low| R:| . .
(BRKL) [W: Bit 7 6 5 4 3 2 1 Bit 0
Break Status and Control Register| R: 0 0 0 0 0 0
(BRKSCR)[W. BRKE | BRKA
LVI Status Register (LVISR) vs LVIOUT | _0 0 0 LVISTOP | LVILCK 0 0
R: 1 1 1
EENVR —— EERA EEBP3 | EEBP2 | EEBP1 | EEBPO
W:
EECR % EEBCLK 0 EEOFF | EERAS1 | EERASO | EELAT 0 EEPGM
RESERVED R
W:
EEACR R:| EERA 1 1 1 EEBP3 | EEBP2 | EEBP1 | EEBPO
W:
. R: LOW BYTE OF RESET VECTOR
COP Control Register (COPCTL) WRITING TO $FFFF CLEARS COP COUNTER

|:| = Unimplemented

Figure 2-2. Control, Status, and Data Registers (Continued)

E = Reserved
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General Release Specification

I/O Section
Table 2-1. Vector Addresses
Address Vector

$FFDC BDLC Vector (High)

g $FFDD BDLC Vector (Low)

A $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)
$FFEG6 SPI Transmit Vector (High)
$FFE7 SPI Transmit Vector (Low)
$FFE8 SPI Receive Vector (High)
$FFE9 SPI Receive Vector (Low)
$FFEA TIM Overflow Vector (High)
$FFEB TIM Overflow Vector (Low)

o $FFEC TIM Channel 5 Vector (High)

S $FFED TIM Channel 5 Vector (Low)

a $FFEE TIM Channel 4 Vector (High)
$FFEF TIM Channel 4 Vector (Low)
$FFFO TIM Channel 3 Vector (High)
$FFF1 TIM Channel 3 Vector (Low)
$FFF2 TIM Channel 2 Vector (High)
$FFF3 TIM Channel 2 Vector (Low)
$FFF4 TIM Channel 1 Vector (High)
$FFF5 TIM Channel 1 Vector (Low)
$FFF6 TIM Channel 0 Vector (High)
$FFF7 TIM Channel 0 Vector (Low)
$FFF8 PLL Vector (High)
$FFF9 PLL Vector (Low)
$FFFA IRQ1 Vector (High)
$FFFB IRQ1 Vector (Low)
$FFFC SWI Vector (High)

y $FFFD SWI Vector (Low)

= $FFFE Reset Vector (High)

'% $FFFF Reset Vector (Low)
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Section 3. Random-Access Memory (RAM)

3.1 Contents

3.2 Introduction. . . .. ... ... 45

3.3 Functional Description .. ......... ... .. i 45

3.2 Introduction

This section describes the 1536 bytes of random-access memory
(RAM).

3.3 Functional Description

Addresses $0050 through $064F are RAM locations. The location of the
stack RAM is programmable. The 16-bit stack pointer allows the stack to
be anywhere in the 64-Kbyte 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 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.

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

MC68HC708AS48 — Rev. 2.0
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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.
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4.1 Contents

4.2 Introduction

Section 4. EPROM/OTPROM

4.2  INtroduction. . . ... ... 47
4.3 Functional Description . ......... ... . . 47
4.4 EPROM/OTPROM Control Register (EPMCR) ............ 48
45 EPROM/OTPROM Programming...............cououun.. 49
46 Low-PowerModes ........ ... 50
4.6.1 Wait Mode. . . ... 50
4.6.2 StopMode. . ... 50

This section describes the non-volatile memory (EPROM/OTPROM).

4.3 Functional Description

An MCU with a quartz window has 48 Kbytes of erasable, programmable
ROM (EPROM). The quartz window allows EPROM erasure by using
ultraviolet light. In an MCU without the quartz window, the EPROM
cannot be erased and serves as 48 Kbytes of one-time programmable
ROM (OTPROM). An unprogrammed or erased location reads as $00.
Hardware interlocks are provided to protect stored data corruption from
accidental programming. The following addresses are user
EPROM/OTPROM locations:

* $3E00-$FDFF

* S$FFDC-$FFFF (These locations are reserved for user-defined
interrupt and reset vectors.)
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SR IV EPROM/OTPROM Control Register (EPMCR)

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

NOTE: A security feature prevents viewing of the EPROM/OTPROM contents.!

4.4 EPROM/OTPROM Control Register (EPMCR)

The EPROM control register controls EPROM/OTPROM programming.

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

Figure 4-1. EPROM/OTPROM Control Register (EPMCR)

ELAT — EPROM/OTPROM Latch Control Bit

This read/write bit latches the address and data buses for
programming the EPROM/OTPROM. Clearing ELAT also clears the
EPGM bit. EPROM/OTPROM data cannot be read when ELAT is set.
1 = Buses configured for EPROM/OTPROM programming
0 = Buses configured for normal operation

EPGM — EPROM/OTPROM Program Control Bit

This read/write bit applies the programming voltage from the
IRQ1/V,p pin to the EPROM/OTPROM. To write to the EPGM bit, the

ELAT bit must be set already. Reset clears the EPGM bit.
1 = EPROM/OTPROM programming power switched on
0 = EPROM/OTPROM programming power switched off

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

NOTE:

NOTE:

The unprogrammed state is a zero. Programming changes the state to
a one.

Use the following procedure to program a byte of EPROM/OTPROM:

1. Apply Vpp to the IRQ1/Vy, pin.
2. Setthe ELAT bit.

Writing logic ones to both the ELAT and EPGM bits with a single
instruction sets only the ELAT bit. EPGM must be set by a separate
instruction in the programming sequence.

3. Write to any user EPROM/OTPROM address.

Writing to an invalid address prevents the programming voltage from
being applied.

4. Setthe EPGM bhit.
5. Wait for a time, tgpgy-
6. Clear the ELAT and EPGM bits.

Setting the ELAT bit configures the address and data buses to latch data
for programming the array. Only data written to a valid EPROM address
will be latched. Attempts to read any other valid EPROM address after
step 2 will read the latched data written in step 3. Further writes to valid
EPROM addresses after the first write (step 3) are ignored.

The EPGM bit cannot be set if the ELAT bit is cleared. This is to ensure
a proper programming sequence. If EPGM is set and a valid EPROM
write occurs, Vp, will be applied to the user EPROM array. When the
EPGM bit is cleared, the program voltage is removed from the array.
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4.6 Low-Power Modes

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

4.6.1 Wait Mode

The WAIT instruction does not affect the EPROM.

4.6.2 Stop Mode

The STOP instruction reduces the EPROM power consumption to a
minimum. If STOP occurs while EPROM programming is in progress,
high voltage will be removed from the array and the EPGM bit will be
cleared. To resume programming, clear the ELAT bit and follow the
steps shown in 4.5 EPROM/OTPROM Programming .
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Section 5. Electrically Erasable Programmable ROM

(EEPROM)
5.1 Contents

5.2 Introduction. . ... ... ... 51
5.3  Features . ... ... 52
5.4  Functional Description . ........ .. .. ... . . . 52
5.4.1 EEPROM Programming . ..............uuuunnnn.. 52
54.2 EEPROMErasing . . ... 54
5.4.3 EEPROM Block Protection . ........................ 56
54.4 EEPROM RedundantMode ........................ 56
5.4.5 EEPROM Configuration ........................... 57
5.4.6 EEPROM Control Register (EECR) .................. 57

5.4.7 EEPROM Non-Volatile Register and
EEPROM Array Configuration Register. . ........... 59
5.4.8 Low-Power Modes. . .. ... 60

5.2 Introduction

This section describes the electrically erasable programmable ROM
(EEPROM).
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5.3 Features
EEPROM features include:

* Modular Architecture Expandable in 128 Bytes
* Byte, Block, or Bulk Erasable

* Non-Volatile Redundant Array Option

* Non-Volatile Block Protection Option

*  On-Chip Charge Pump for Programming/Erasing

5.4 Functional Description

A total of 640 bytes of EEPROM can be programmed or erased without
an external voltage supply. The EEPROM has a lifetime of 10,000 write-
erase cycles in the non-redundant mode. Reliability (data retention) is
further extended if the redundancy option is selected. EEPROM cells are
protected with a non-volatile block protection option. These options are
stored in the EEPROM non-volatile register (EENVR) and are loaded
into the EEPROM array configuration register after reset (EEACR) or a
read of EENVR. Hardware interlocks are provided to protect stored data
corruption from accidental programming/erasing.

5.4.1 EEPROM Programming

The unprogrammed state is a logic one. Programming changes the state
to a logic zero. Only valid EEPROM bytes in the non-protected blocks
and EENVR can be programmed. When the array is configured in the
redundant mode, programming the first 128 bytes will also program the
last 128 bytes with the same data. Programming the EEPROM in the
non-redundant mode is recommended. Program the data to both
locations before entering the redundant mode.
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The following procedure shows how to program a byte of EEPROM:

1.

© N o g bk D

Clear EERAS1 and EERASO and set EELAT in the EECTL. Set
value of tegpgu- (See Note a. and b.)

Write the desired data to any user EEPROM address.

Set the EEPGM bit. (See Note c.)

Wait for a time, tegpgm, to program the byte.

Clear the EEPGM bit.

Wait for the programming voltage time, tegpgu, to fall.
Clear EELAT bits. (See Note d.)

Repeat steps 1 through 7 for more EEPROM programming.

NOTES:

MC68HC708AS48 — Rev. 2.0

a. EERAS1 and EERASO must be cleared for programming.
Otherwise, EEPROM will be in erase mode.

b. Setting 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 another consecutive valid
EEPROM write occurs, this address and data will override the
previous address and data. Any attempts to read other
EEPROM data will read the latched data. If EELAT is set,
other writes to the EECR will be allowed only after a valid
EEPROM write.

c. The EEPGM bit cannot be set if the EELAT bit is cleared and
anon-EEPROM write has occurred. This is to ensure a proper
programming sequence. When EEPGM is set, the on-board
charge pump generates the program voltage and applies it to
the user EEPROM array. When the EEPGM bit is cleared, the
program voltage is removed from the array and the internal
charge pump is turned off.

d. Any attempt to clear both EEPGM and EELAT bits with a
single instruction will clear EEPGM only. This allows time to
remove high voltage from the EEPROM array.
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5.4.2 EEPROM Erasing

The unprogrammed state is a logic one. Only the valid EEPROM bytes
in the non-protected blocks and EENVR can be erased. When the array
is configured in the redundant mode, erasing the first 128 bytes will also
erase the last 128 bytes.

The following procedure shows how to erase EEPROM:

1.

© N o 0 bk~ w

Clear/set EERAS1 and EERASO to select byte/block/bulk erase,
and set EELAT in EECTL. Set value of teggyT / teesLOCK /
teepuLk- (See Note a.)

Write any data to the desired address for byte erase, to any
address in the desired block for block erase, or to any array
address for bulk erase.

Set the EEPGM bit. (See Note b.)

Wait for a time, teegy1/teEBLOCK/tEERBULK, 1O €rase the byte.
Clear the EEPGM bit.

Wait for the erasing voltage time, tgggpy, to fall.

Clear the EELAT bits. (See Note c.)

Repeat steps 1 through 7 for more EEPROM byte/block erasing.

NOTES:

a. Setting the EELAT bit configures the address and data buses
to latch data for erasing the array. Only valid EEPROM
addresses with their data will be latched. If another
consecutive valid EEPROM write occurs, this address and
data will override the previous address and data. In block
erase mode, any EEPROM address in the block may be used
in step 2. All locations within this block will be erased. In bulk
erase mode, any EEPROM address may be used to erase the
whole EEPROM. EENVR is not affected with block or bulk
erase. Any attempts to read other EEPROM data will read
the latched data. If EELAT is set, other writes to the EECR will
be allowed only after a valid EEPROM write.

b. To ensure proper erasing sequences, the EEPGM bit cannot
be set if the EELAT bit is cleared and a non-EEPROM write
has occurred. Once the EEPGM bit is set, the type of erase
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Functional Description

mode cannot be modified. If EEPGM is set, the on-board
charge pump generates the erase voltage and applies it to the
user EEPROM array. When the EEPGM bit is cleared, the
erase voltage is removed from the array and the internal
charge pump is turned off.

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

The EEBPx bit must be cleared to erase EEPROM data in the
corresponding block. If any EEBPXx is set, the corresponding block
cannot be block nor bulk eraseable.

In general, all bits should be erased before being programmed.

However, if program/erase cycling is of concern, the following procedure
can be used to minimize bit cycling in each EEPROM byte. If any bit in
a byte must be changed from a zero to a one, the byte needs be erased
before programming. Table 5-1 summarizes the conditions for erasing

before programming

Table 5-1. EEPROM Program/Erase Cycling Reduction

EEPROM Data To Be EEPROM Data Before Erase Before
Programmed Programming Programming?

0 0 No

0 1 No

1 0 Yes

1 1 No

MC68HC708AS48 — Rev. 2.0

MOTOROLA Electrically Erasable Programmable ROM (EEPROM)

55



General Release Specification Functional Description

5.4.3 EEPROM Block Protection

The 640 bytes of EEPROM are divided into two 256 and onel28 byte
blocks. Each of these blocks can be separately protected by the EEBPx
bit. Any attempt to program or erase memory locations within the
protected block will not allow the program/erase voltage to be applied to
the array. Table 5-2 shows the address ranges within the blocks.

Table 5-2. EEPROM Array Address Blocks

Block Number (EEBPX) Address Range
EEBPO $0800—$08FF
EEBP1 $0900—$09FF
EEBP2 $OA00-$0ATF

If the EEBPX bit is set, that corresponding address block is protected.
These bits are effective after a reset or a read to 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.

In redundant mode, only the EEBP2 will not be valid.

5.4.4 EEPROM Redundant Mode

NOTE:

To extend the EEPROM data retention, the array can be placed in
redundant mode. In this mode, the first 128 bytes of user EEPROM array
are mapped to the last 128 bytes. Reading, programming, and erasing
of the first 128 EEPROM bytes will physically affect two bytes of
EEPROM. Addressing the last 128 bytes will not be recognized. Block
protection still applies but EEBP2 is not valid.

Programming the EEPROM in the non-redundant mode and
programming the data to its corresponding location before entering the
redundant mode are recommended.

MC68HC708AS48 — Rev. 2.0

56

Electrically Erasable Programmable ROM (EEPROM) MOTOROLA



General Release Specification
Functional Description

5.4.5 EEPROM Configuration

The EEPROM non-volatile register (EENVR) contains configurations
concerning block protection and redundancy. EENVR is physically
located on the bottom of the EEPROM array. The contents are non-
volatile and are not modified by reset. On reset, this special register
loads the EEPROM configuration into a corresponding volatile EEPROM
array configuration register (EEACR). Thereafter, all reads to the
EENVR will reload EEACR.

The EEPROM configuration can be changed by programming/erasing
the EENVR like a normal EEPROM byte. The new array configuration
will take affect with a system reset or a read of the EENVR.

5.4.6 EEPROM Control Register (EECR)

NOTE:

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

Bit 7 6 5 4 3 2 1 Bit O
EEcr Read: 0 0
EEBCLK EEOFF |EERAS1|EERASO| EELAT EEPGM
$FEID \prite:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 5-1. EEPROM Control Register (EECR)

EEBCLK — EEPROM Bus Clock Enable

This read/write bit determines which clock will be used to drive the
internal charge pump for programming/erasing. Reset clears this bit.
1 = Bus clock drives charge pump
0 = Internal RC oscillator drives charge pump

Using the internal RC oscillator for applications in the 3-5 volt range is
recommended.
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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

NOTE: The EEPROM requires a recovery time, tegorer, to stabilize after clearing
the EEOFF bit.

EERAS1 and EERASO — Erase Bits

These read/write bits set the erase modes. Reset clears these bits.

Table 5-3. EEPROM Program/Erase Mode Select

EEBPx EERAS1 EERAO 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

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

0 = Buses configured for normal read operation

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 bhit.

1 = EEPROM programming/erasing power switched on

0 = EEPROM programming/erasing power switched off
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NOTE:  Writing logic zeroes to both the EELAT and EEPGM bits with a single
instruction will clear only the EEPGM and will allow time to remove high
voltage.

5.4.7 EEPROM Non-Volatile Register and EEPROM Array Configuration Register

Bit 7 6 5 4 3 2 1 Bit O
EEACR Read:| EERA 1 1 1 EEBP3 | EEBP2 | EEBP1 | EEBPO
$FE1F Write:
Reset: EENVR 1 1 1 EENVR EENVR EENVR EENVR
= Unimplemented

Figure 5-2. EEPROM Array Control Register (EEACR)

Bit 7 6 5 4 3 2 1 Bit O
Read: 1 1 1
EENVR EERA EEBP3 | EEBP2 | EEBP1 | EEBPO
$FE1C Write:
Reset: PV 1 1 1 PV PV PV PV
= Unimplemented

Figure 5-3. EEPROM Non-Volatile Register (EENVR)

PV = Programmed Value or logic one in the erased state.

EERA — EEPROM Redundant Array

This programmable/erasable/readable bitin EENVR and read-only bit
in EEACR configures the array in redundant mode. Reset loads
EERA from EENVR to EEACR.

1 = EEPROM array is in redundant mode configuration

0 = EEPROM array is in normal mode configuration

EEBP2-EEBP0 — EEPROM Block Protection Bits.

These read/write bits select blocks of EEPROM array from being
programmed or erased. Reset loads EEBP[4:0] from EENVR to
EEACR.

1 = EEPROM array block is protected

0 = EEPROM array block is unprotected

MC68HC708AS48 — Rev. 2.0
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5.4.8 Low-Power Modes

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

Wait Mode

The WAIT instruction does not affect the EEPROM. It is possible to
program the EEPROM and put the MCU in wait mode. However, if the
EEPROM is inactive, power can be reduced by setting the EEOFF bit
before executing the WAIT instruction.

Stop Mode

The STOP instruction reduces the EEPROM power consumption to a
minimum. The STOP instruction should not be executed while the
high voltage is turned on (EEPGM = 1).

If stop mode is entered while program/erase is in progress, high
voltage will be automatically turned off. However, the EEPGM bit will
remain set. When stop mode is terminated, and if EEPGM is still set,
the high voltage will be automatically turned back on. Program/erase
time will need to be extended if program/erase is interrupted by
entering stop mode.

The module requires a recovery time, tegstop, to Stabilize after

leaving stop mode. Attempts to access the array during the recovery
time will result in unpredictable behavior.
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Section 6. Central Processor Unit (CPU)

6.1 Contents

6.2 Introduction. . . .. ... ...
6.3 Features . . ...

6.4 CPURegiSters . ...
6.4.1 Accumulator (A). . ...
6.4.2 Index Register (H:X) ... ... .
6.4.3 Stack Pointer (SP). .. ... . .
6.4.4 Program Counter (PC) .................
6.4.5 Condition Code Register (CCR)

6.5  Arithmetic/Logic Unit (ALU) . ...............
6.6 CPU During Break Interrupts . ..............

6.2 Introduction

This section describes the central processor unit (CPU8). The M68HCO08

CPU is an enhanced and fully object-code-compatible version of the
M68HCO05 CPU. The CPUO8 Reference Manual (Motorola document
number CPUO8RM/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:

6.4 CPU Regqisters

Full Upward, Object-Code Compatibility with the M68HCO05 Family
16-Bit Stack Pointer with Stack Manipulation Instructions

16-Bit Index Register with X-Register Manipulation Instructions
8-MHz CPU Internal Bus Frequency

64-Kbyte 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

Modular Architecture with Expandable Internal Bus Definition for
Extension of Addressing Range Beyond 64 Kbytes

Low-Power Stop and Wait Modes

Figure 6-1 shows the five CPU registers. CPU registers are not part of
the memory map.
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7 0
[T TTTTTT] accumuLaTor (a)

15 0
[TTTHTTTTTTT x T T 1 | INDEXREGISTER (H:X)

15 0
LITTTTT T TP T [ | stAckpoNTER(sP)

15 0
LITTTITTTTTTITT T T 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

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)
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6.4.2 Index Register (H:X)

The 16-bit index register allows indexed addressing of a 64-Kbyte
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 12 112 10 9 8 7 6 5 4 3 2 1 O

Read:
H:X
Write:

Resett: 0 0 O O O O O O X X X X X X X X

X = Indeterminate

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

The index register can serve also as a temporary data storage location.

6.4.3 Stack Pointer (SP)

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.
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Bit Bit
15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O

Read:
SP
Write:

Reset. 0 0 O O O O O o0 1 1 1 1 1 1 1 1
Figure 6-4. Stack Pointer (SP)

NOTE: 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)

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.

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)
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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 logic one. 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 I N VA 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

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
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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).

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
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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
CPUOBRM/AD) for a description of the instructions and addressing
modes and more detail about CPU architecture.

6.6 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 Section 10. Break Module (Break) .) 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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Section 7. System Integration Module (SIM)

7.1 Contents

7.2  Introduction. . ... 70
7.3  SIM Bus Clock Control and Generation . . ................ 73
7.3.1 BusTiming .......... .. i 73
7.3.2 Clock Start-Up from POR or LVIReset. . .............. 73
7.3.3 Clocks in Stop Mode and WaitMode ................. 74
7.4  Reset and System Initialization. . .. ..................... 74
7.4.1 External PinReset. . . ......... ... 75
7.4.2 Active Resets from Internal Sources. . ................ 76
7.5 SIMCounter . .. ... .. 79
7.5.1 SIM Counter During Power-On Reset. . ............... 79
7.5.2 SIM Counter During Stop Mode Recovery ............. 79
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7.2 Introduction

This section describes the system integration module (SIM), which

supports up to 24 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 . Table 7-1 is a summary of
the SIM input/output (1/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

* Modular architecture expandable to 128 interrupt sources
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» MODULE STOP

| » MODULE WAIT
STOP/WAIT | CPU STOP (FROM CPU)
CONTROL - CPU WAIT (FROM CPU)
' » SIMOSCEN (TO CGM)
counter | copcLock
A
CGMXCLK (FROM CGM)
CGMOUT (FROM CGM)
2
| y
Cgkﬁ%& CLOCK GENERATORS > INTERNAL CLOCKS
A
RESET | POR CONTROL - «—— VI (FROM LVI MODULE)
PINLOGIC — | VASTER  fw—— ILLEGAL OPCODE (FROM CPU)
> ILLEGAL ADDRESS (FROM ADDRESS
N CONTROL ¥ MAP DECODERS)
SIM RESET STATUSREGISTER K — < COP (FROM COP MODULE)
RESET
/I
INTERRUPT CONTROL [N\ INTERRUPT SOURCES
AND PRIORITY DECODE < > CPU INTERFACE
Figure 7-1. SIM Block Diagram
Table 7-1. SIM I/O Register Summary
Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.
SIM Break Status Register (SBSR) R R R R R R SBSW R $FE00
SIM Reset Status Register (SRSR)| POR PIN cop ILOP ILAD 0 LVI 0 $FEO1
SIM Break Flag Control Register (SBFCR)| BCFE 0 0 0 0 0 0 0 $FEO3
R = Reserved
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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:f((-};I‘:\EA(; version of OSC1 from clock generator module

CGMVCLK PLL output

CGMOUT PLL-based or OSCl—baseq <_: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
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7.3 SIM Bus Clock Control and Generation

7.3.1 Bus Timing

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 7-2 . This clock can come
from either an external oscillator or from the on-chip PLL. (See Section
8. Clock Generator Module (CGM) )

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 Section 8. Clock Generator Module (CGM) )

7.3.2 Clock Start-Up from POR or LVI Reset

0sC1

CGMVCLK

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.

CGMXCLK
[ T >= SIM COUNTER I

PLL

CIRCUIT ' ' -
A *WhenS =1,
CGMOUT = B
BCS SIM

CLOCK
SELECT

A CGMOUT

Y
I

o -2 | »] Busclock

B g GENERATORS

PTC3

MONITOR MODE —

USER MODE

CGM

Figure 7-2. CGM Clock Signals
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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 7.7.2 Stop Mode .)

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.

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)
* Low-voltage inhibit module (LVI)

* lllegal opcode

* lllegal address

All of these resets produce the vector $FFFE-FFFF (SFEFE—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 7.5 SIM Counter ), but an
external reset does not. Each of the resets sets a corresponding bit in
the SIM reset status register (SRSR). (See 7.8 SIM Registers .)
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7.4.1 External Pin Reset

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
7-3 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)

CGMOUT .
RST
ve o ) e eeri )

Figure 7-3. External Reset Timing
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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
7-4. An internal reset can be caused by an illegal address, illegal
opcode, COP timeout, LVI, or POR. (See Figure 7-5. Sources of
Internal Reset .) 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 7-4 .

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 —| RSTPULLEDLOWBYMCU |
|<¢—— 32CYCLES ——®>}<¢—— 32CYCLES —»]

owen [ T L T LT 11T

AR vecromrmer

Figure 7-4. Internal Reset Timing

1A

[os]

ILLEGAL ADDRESS RST

ILLEGAL OPCODE RST
COPRST INTERNAL RESET

LVvI

POR

Figure 7-5. Sources of Internal Reset
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Power-On 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 (RST) 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:
e 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 pinis 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.

409 32
CYCLES CYCLES CYCLES

cowe [ L PP LT LU LS

cowor [l [ Tl L T
- S

IAB

[N R o
N N A R
(o Rl
—_

((
D/ { $FFFE  srrrr
))

Figure 7-6. POR Recovery
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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 configuration register is at logic zero. (See Section

12. Computer Operating Properly (COP) )

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 configuration register is logic zero,
the SIM treats the STOP instruction as an illegal opcode and causes
an illegal opcode reset.

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 resetting the MCU. A data fetch from an unmapped address does
not generate a reset.

Low-Voltage Inhibit (LVI) Reset
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 register are at logic zero.
The RST pin will be held low until the SIM counts 4096 CGMXCLK
cycles after Vpp rises above V| r. Another sixty-four CGMXCLK
cycles later, the CPU is released from reset to allow the reset vector
sequence to occur. (See Section 13. Low-Voltage Inhibit (LVI) .)

MC68HC708AS48 — Rev. 2.0

78 System Integration Module (SIM) MOTOROLA



General Release Specification
SIM Counter

7.5 SIM Counter

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

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
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, break, or reset, the
SIM senses the state of the short stop recovery bit, SSREC, in the
configuration register. If the SSREC bit is a logic one, then the stop
recovery is reduced from the normal delay of 4096 CGMXCLK cycles
downto 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 7.7.2 Stop Mode
for details.) The SIM counter is free-running after all reset states. (See
7.4.2 Active Resets from Internal Sources  for counter control and
internal reset recovery sequences.)
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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)

e Reset

* Break interrupts

7.6.1 Interrupts

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 7-7 shows interrupt entry timing. Figure
7-9 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
7-8.)

MODULE
INTERRUPT

IBIT /
AB { ouwwy ¥ sp ) sp-1 ) sp-2 f sp-3 ) sp-4 ) vecTH ) veCTL )STARTADDR| X:

IDB:X { oummy ¥ Pc-aro f Posg ) x kA ccR ) VDATAH ) VDATAL ) opcopE )

RIW \ / \

Figure 7-7 . Interrupt Entry
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I BIT SET?
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IRQO
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\
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IRQ1

Q
INTERRUPT?

Y

>l

NO STACK CPU REGISTERS.
SETIBIT.
LOAD PC WITH INTERRUPT VECTOR.

(AS MANY INTERRUPTS
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FETCH NEXT
INSTRUCTION.

SwWiI YES

INSTRUCTION?

RTI
INSTRUCTION?
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\
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\

Figure 7-8. Interrupt Processing
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MODULE
INTERRUPT

I BIT

\

1AB {

X SP-4 X SP-3 X SP-2 X sP-1 X SP X PC X PC+1 X X X:

IDB:X {

X CCR X A X X X PC-1 [7:O]X PC-1[15:8] X OPCODE XOPERANDX X

RIW

NOTE:

-

Figure 7-9. 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 7-10
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 M6805 Family, 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 #$FF BACKOROUND
> INT1 PSHH
l INTLINTERRUPT SERVICE ROUTINE
PULH
RTI
— INT2 PSHH
l INT2 INTERRUPT SERVICE ROUTINE
PULH

RTI

Figure 7-10 . 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.
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7.6.2 Reset

All reset sources always have higher priority than interrupts and cannot
be arbitrated.

7.6.3 Break Interrupts

The break module can stop normal program flow at a software-
programmable break point by asserting its break interrupt output. (See
Section 10. Break Module (Break) .) 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.

7.6.4 Status Flag Protection 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.
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7.7 Low-Power Modes

7.7.1 Wait Mode

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.

In wait mode, the CPU clocks are inactive while one set of peripheral
clocks continue to run. Figure 7-11 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 stop/wait bit, SBSW, in the SIM
break status register (SBSR). If the COP disable bit, COPD, in the mask
option register is logic zero, then the computer operating properly
module (COP) is enabled and remains active in wait mode.

IAB WAIT ADDR X WAIT ADDR + 1 X SAME X SAME X
DB X PREVIOUS DATA X NEXT OPCODE X SAME X SAME
RIW /

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

Figure 7-11. Wait Mode Entry Timing
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Figure 7-12 and Figure 7-13 show the timing for WAIT recovery.

IAB $6E0B { seeoc ) soorr ) soore ) soor0 ) soorc )

DB $A6f A6 ) sA6 | soL | 0B ) S6E | X L

EXITSTOPWAIT |

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

Figure 7-12. Wait Recovery from Interrupt or Break

'<;Cycles Cyclesﬂ
6 secop xxxxxj DI S;XXXXXXXXXXX s ) vt )

( l (
DB SA6 | $A6 | $A6I Xj() | ?;ix \ \ L
. R

Figure 7-13. Wait Recovery from Internal Reset

W
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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 or break 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). 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.

A break interrupt during stop mode sets the SIM break stop/wait bit
(SBSW) in the SIM break status register (SBSR).

The SIM counter is held in reset from the execution of the STOP
instruction until the beginning of stop recovery. Itis then used to time the
recovery period. Figure 7-14 shows stop mode entry timing.

CPUSTOP |

IAB STOPADDR ) STOPADDR+1 | SAME { SAME X

IDB { PREVIOUSDATA |  NEXTOPCODE | SAME f saue

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

Figure 7-14. Stop Mode Entry Timing
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—P{ }1* STOP RECOVERY PERIOD
INT/BREAK F

IAB { STOP +1 ?2XSTOP+2  stopv2 ¥ s} sp-1r f sz ) sp-3 X
)

Figure 7-15. Stop Mode Recovery from Interrupt or Break

7.8 SIM Registers

The SIM has three memory mapped registers. Table 7-4 shows the
mapping of these registers.

Table 7-4. SIM Registers

Address Register
$FEOO SBSR
$FEO1 SRSR
$FEO3 SBFCR

7.8.1 SIM Break Status Register (SBSR)

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

NOTE:  Writing a logic zero clears SBSW.

Bit 7 6 5 4 3 2 1 Bit 0
SBSR Read: SBSW
SFE0D R R R R R R R
Write: See Note
Reset: 0
R = Reserved

Figure 7-16. SIM Break Status Register (SBSR)
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SBSW — SIM Break Stop/Wait

This status bit is useful in applications requiring a return to wait or stop
mode after exiting from a break interrupt. Clear SBSW by writing a
logic zero to it. Reset clears SBSW.

1 = Stop mode or wait mode was exited by break interrupt

0 = Stop mode or wait mode was not exited by break interrupt

SBSW 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 SBSW bit
clears it.

;  Thiscode works ifthe H register has been pushed onto the stack in the break
; service routine software. This code should be executed at the end of the
; break service routine software.

HIBYTE EQU 5
LOBYTE EQU 6
; If not SBSW, do RTI
BRCLR SBSW,SBSR, RETURN ;See if wait mode or stop mode was exited

by break.
TST LOBYTE,SP ; If RETURNLO is not zero,
BNE DOLO ; then just decrement low byte.
DEC HIBYTE,SP ; Else deal with high byte, too.
DOLO DEC LOBYTE,SP ; Point to WAIT/STOP opcode.
RETURN PULH ; Restore H register.

RTI
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7.8.2 SIM Reset Status Register (SRSR)

This register contains six flags that show the source of the last reset.
Clear the SIM reset status register by reading it. A power-on reset sets
the POR bit and clears all other bits in the register.

Bit 7 6 5 4 3 2 1 Bit 0
SRSR Read:| POR PIN COoP ILOP ILAD 0 LVI 0
$FEO1 Write:
POR: 1 0 0 0 0 0 0 0
= Unimplemented

Figure 7-17. 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 (SBFCR)

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

Bit 7 6 5 4 3 2 1 Bit 0
Read:
S$|B:Eg§ BCFE | R R R R R R R
Write:
Reset: 0
R = Reserved

Figure 7-18. 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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8.2 Introduction

This section describes the clock generator module (CGM). 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 integration module (SIM) derives the
system clocks. 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 16-
MHz crystals or ceramic resonators. The PLL can generate an 8-MHz
bus frequency without using a 32-MHz crystal.

8.3 Features

Features of the CGM include the following:

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

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

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

CPU Interrupt on Entry or Exit from Locked Condition
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8.4 Functional Description
The CGM consists of three major submodules:

» 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 SIM
derives the system clocks 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 OSCL1 pin is the input to the amplifier and the OSC2
pin is the output. The SIMOSCEN signal from the system integration
module (SIM) 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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MOTOROLA Clock Generator Module (CGM) 95



General Release Specification Functional Description

CRYSTAL OSCILLATOR
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Table 8-1. CGM I/O Register Summary

Figure 8-1. CGM Block Diagram

Register Name Bit 7 6 5 4 3 1 Bit 0
PLLF 1 1 1
PLL Control Register (PCTL)| PLLIE PLLON BCS
LOCK — 0 0 0
PLL Bandwidth Control Register (PBWC)| AUTO ACQ XLD
PLL Programming Register (PPG)| MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4

|:| = Unimplemented

MC68HC708AS48 — Rev. 2.0

96

Clock Generator Module (CGM)

MOTOROLA



General Release Specification
Functional Description

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.

Circuits

MC68HC708AS48 — Rev. 2.0

The PLL consists of the following circuits:
« Voltage-controlled oscillator (VCO)
e Modulo VCO frequency divider
* Phase detector
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, fxs.
Modulating the voltage on the CGMXFC pin changes the frequency
within this range. By design, f, ks is equal to the nominal center-of-

range frequency, fyoy, (4.9152 MHz) times a linear factor L, or (L)fyou-

CGMRCLK is the PLL reference clock, a buffered version of
CGMXCLK. CGMRCLK runs at a frequency, f,c, «, and is fed to the

PLL through a buffer. The buffer output is the final reference clock,
CGMRDV, running at a frequency fpy, = frei-

The VCO'’s output clock, CGMVCLK, running at a frequency f,,c . 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 f,o, = f,c «/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

MOTOROLA
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direction of the correction pulse. The filter can make fast or slow
corrections depending on its mode, described in Acquisition and
Tracking Modes . 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 fyp,. The circuit determines the mode of the PLL

and the lock condition based on this comparison.

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 ACQ bit is clear in the PLL bandwidth
control register. (See 8.6.2 PLL Bandwidth Control Register
(PBWC).)

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 8.4.3 Base Clock Selector Circuit .) The PLL is
automatically in tracking mode when not in acquisition mode or
when the ACQ bit is set.
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Manual and Automatic PLL Bandwidth Modes

MC68HC708AS48 — Rev. 2.0

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 8.6.2 PLL Bandwidth Control Register
(PBWC).) If PLL interrupts are enabled, the software can wait for a
PLL interrupt request and then check the LOCK bit. If 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 8.4.3 Base Clock Selector Circuit .) 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

8.7 Interrupts for information and precautions on using interrupts.)
The following conditions apply when the PLL is in automatic
bandwidth control mode:

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

« The ACQ bit is set when the VCO frequency is within a certain
tolerance A;r« and is cleared when the VCO frequency is out of
a certain tolerance A . (See 8.10 Acquisition/Lock Time
Specifications for more information.)

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

« The LOCK hitis set when the VCO frequency is within a certain
tolerance A o« and is cleared when the VCO frequency is out
of a certain tolerance A, . (See 8.10 Acquisition/Lock Time
Specifications for more information.)

» CPU interrupts can occur if enabled (PLLIE = 1) when the PLL'’s
lock condition changes, toggling the LOCK bit. (See 8.6.1 PLL
Control Register (PCTL) .)
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The PLL also may 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 fg ,suax @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 (ACQ = 1), software must wait a
given time, t,c, (see 8.10 Acquisition/Lock Time
Specifications ), 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.

Programming the PLL

The following procedure shows how to program the PLL.

NOTE: The round function in the following equations means that the real
number should be rounded to the nearest integer number.

1. Choose the desired bus frequency, fgspes-

2. Calculate the desired VCO frequency (four times the desired bus

frequency).

fucikoes = 4 *fguspes

3. Choose a practical PLL reference frequency, fgc «-
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4. Select a VCO frequency multiplier, N.

ﬂVCLKDEsD
M freLk R

N = round

5. Calculate and verify the adequacy of the VCO and bus
frequencies f, « and fgs.

fycik = N xfreik

faus = (fucik)/4
6. Select a VCO linear range multiplier, L.

L = rounddﬁ———VCLKD
NOM D

where foy = 4.9152 MHz

7. Calculate and verify the adequacy of the VCO programmed
center-of-range frequency f,rs.

furs = (Dfyom

8. Verify the choice of N and L by comparing f,,¢, « to f,rs and ¢, pes-
For proper operation, f,,; « must be within the application’s
tolerance of f,,¢, xpes, @and f,gg Must be as close as possible to f,, k.

NOTE: Exceeding the recommended maximum bus frequency or VCO
frequency can crash the MCU.
9. Program the PLL registers accordingly:

a. Inthe upper 4 bits of the PLL programming register (PPG),
program the binary equivalent of N.

b. In the lower 4 bits of the PLL programming register (PPG),
program the binary equivalent of L.

MC68HC708AS48 — Rev. 2.0
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Special Programming Exceptions

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

» A zerovalue for N is interpreted exactly the same as a value of
one.

» Azerovalue for L disables the PLL and prevents its selection as
the source for the base clock. (See 8.4.3 Base Clock Selector
Circuit .)

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
zero. 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 8-2 . Figure 8-2 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, C;

» Tuning capacitor, C, (can also be a fixed capacitor)
» Feedback resistor, Ry

» Series resistor, Rq (optional)

The series resistor (Rg) is included in the diagram to follow strict Pierce
oscillator guidelines and 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 8-2 also shows the external components for the PLL:

* Bypass capacitor, Cgyp

* Filter capacitor, C.
Routing should be done with great care to minimize signal cross talk and
noise. (See 8.10 Acquisition/Lock Time Specifications  for routing

information and more information on the filter capacitor’s value and its
effects on PLL performance.)
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SIMOSCEN

)c D o COMXCLK ?

0SC1 Ve lCGMXF VooaVopa

R C Voo
S
®

C,

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

Figure 8-2. CGM External Connections

8.5 1/0 Signals

The following paragraphs describe the CGM 1/O signals.

8.5.1 Crystal Amplifier Input Pin (OSC1)

The OSCL1 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, C. should be placed as close to the
CGMXFC pin as possible, with minimum routing distances and no
routing of other signals across the Cr connection.
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85.4 Analog Power Pin (VDDA/VDDAREF)

NOTE:

Vppa/Voparek IS @ power pin used by the analog portions of the PLL.
Connect the Vppa/Vpparer PN to the same voltage potential as the Vi,

pin.

Route Vppa/Vpparer 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 comes from the system integration module (SIM)
and 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 (f,, ) and comes directly from the crystal oscillator circuit.
Figure 8-2 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 goes to the SIM,
which generates 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)

CGMINT is the interrupt signal generated by the PLL lock detector.

MC68HC708AS48 — Rev. 2.0
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8.6 CGM Regqisters

The following registers control and monitor operation of the CGM:

PLL control register (PCTL) (See 8.6.1 PLL Control Register

(PCTL).)

PLL bandwidth control register (PBWC) (See 8.6.2 PLL

Bandwidth Control Register (PBWC)

)

PLL programming register (PPG) (See 8.6.3 PLL Programming
Register (PPG) .)

Figure 8-3 is a summary of the CGM registers.

PCTL
$001C

PBWC
$001D

PPG
$001E

Bit 7 6 5 4 3 2 1 Bit 0

Read: PLLF 1 1 1 1

PLLIE PLLON BCS
Write:
Read: LOCK - 0 0 0 0

AUTO ACQ XLD
Write:
Read:

MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4
Write:

= Unimplemented

NOTES:
1. When AUTO =0, PLLIE is forced to logic zero and is read-only.
2. When AUTO =0, PLLF and LOCK read as logic zero.

3. When AUTO = 1, ACQ is read-only.

4. When PLLON = 0 or VRS[7:4] = $0, BCS is forced to logic zero and is read-only.

5. When PLLON = 1, the PLL programming register is read-only.
6. When BCS = 1, PLLON is forced set and is read-only.

Figure 8-3. CGM I/O Register Summary
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8.6.1 PLL Control Register (PCTL)

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

Bit 7 6 5 4 3 2 1 Bit 0
pcTL Read: PLLF 1 1 1 1
$001C  \rite: PLLIE PLLON BCS
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 an 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 zero. Reset clears the
PLLIE bit.

1 = PLL interrupts enabled
0 = PLL interrupts disabled

PLLF — PLL Interrupt Flag Bit

This read-only bit is set whenever the LOCK bit toggles. PLLF
generates an interrupt request if the PLLIE bit also is set. PLLF
always reads as logic zero 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

NOTE: Do not inadvertently clear the PLLF bit. Any read or read-modify-write
operation on the PLL control register clears the PLLF bit.

MC68HC708AS48 — Rev. 2.0
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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 8.4.3 Base Clock Selector
Circuit .) Reset sets this bit so that the loop can stabilize as the MCU

iS powering up.
1=PLLoON
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

8.4.3 Base Clock Selector Circuit

clear the BCS hit.

.) Reset and the STOP instruction

1 = CGMVCLK divided by two drives CGMOUT
0 = CGMXCLK divided by two drives CGMOUT

NOTE: 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
(PLLON =0), selecting CGMVCLK requires two writes to the PLL control
register. (See 8.4.3 Base Clock Selector Circuit )

PCTL[3:0] — Unimplemented bits

These bits provide no function and always read as logic ones.
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8.6.2 PLL Bandwidth Control Register (PBWC)
The PLL bandwidth control register does the following:

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

* |ndicates when the PLL is locked

e In automatic bandwidth control mode, indicates when the PLL is in
acquisition or tracking mode

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

mode
Bit 7 6 5 4 3 2 1 Bit 0
Read: LOCK 0 0 0 0
;(?(\)/:\L/g AUTO ACO | XD
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 8-6. PLL Bandwidth Control Register (PBWC)

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 zero and has no meaning. Reset clears the LOCK bit.

1 = VCO frequency correct or locked

0 = VCO frequency incorrect or unlocked

MC68HC708AS48 — Rev. 2.0
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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, ACQ 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. To check the status of the crystal reference, do the

following:
1. Write a logic one to XLD.

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

3. Read XLD.

1 = Crystal reference is not active

0 = Crystal reference is active

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 zero.

PBWC[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 zeros to PBWC[3:0] whenever

writing to PBWC.
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8.6.3 PLL Programming Register (PPG)

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

Bit 7 6 5 4 3 2 1 Bit 0
PPG Read:
MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4
$001E Write:
Reset: 0 1 1 0 0 1 1 0

Figure 8-7. PLL Programming Register (PPG)

MUL[7:4] — Multiplier Select Bits

These read/write bits control the modulo feedback divider that selects
the VCO frequency multiplier, N. (See Circuits and Programming
the PLL .) 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.

Table 8-2. 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

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

8.7 Interrupts

VRS[7:4] — 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
furs: (See Circuits , Programming the PLL , and 8.6.1 PLL Control

Register (PCTL) .) VRSJ[7:4] cannot be written when the PLLON bit in
the PLL control register (PCTL) is set. (See Special Programming
Exceptions .) A value of $0 in the VCO range select bits disables the
PLL and clears the BCS bit in the PCTL. (See 8.4.3 Base Clock
Selector Circuit and Special Programming Exceptions  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 may result in failure of the PLL to achieve lock.

When the AUTO bit is 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 interrupts from the PLL. PLLF, the interrupt flag in the PCTL,
becomes set whether interrupts are enabled or not. When the AUTO bit
is clear, CPU interrupts from the PLL are disabled and PLLF reads as
logic zero.

Software should read the LOCK bit after a PLL 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, interrupts should be disabled to prevent PLL interrupt service
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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 Special Modes

8.8.1 Wait Mode

8.8.2 Stop Mode

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

The WAIT instruction does not affect the CGM. 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.

When the STOP instruction executes, the SIM drives the SIMOSCEN
signal low, disabling the CGM and holding low all CGM outputs
(CGMXCLK, CGMOUT, and CGMINT).

If the STOP instruction is executed with the VCO clock, CGMVCLK,
divided by two driving CGMOUT, the PLL automatically clears the BCS
bitin the PLL control register (PCTL), thereby selecting the crystal clock,
CGMXCLK, divided by two as the source of CGMOUT. When the MCU
recovers from STOP, the crystal clock divided by two drives CGMOUT
and BCS remains clear.
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8.9 CGM 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) enables software to clear
status bits during the break state. (See 7.8.3 SIM Break Flag Control
Register (SBFCR) .)

To allow software to clear status bits during a break interrupt, write a
logic one 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 zero to the
BCFE bit. With BCFE at logic zero (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

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
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
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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 as follows:

* Acquisition time, t,c, 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, Agy.
Acquisition time is based on an initial frequency error, (foes —
foric)/foes, Of Not more than +100%. In automatic bandwidth
control mode (see Manual and Automatic PLL Bandwidth Modes),
acquisition time expires when the ACQ 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 5. Lock
time is based on an initial frequency error, (foes — foric)/foes, Of Not
more than £100%. In automatic bandwidth control mode, lock time
expires when the LOCK bit becomes set in the PLL bandwidth
control register (PBWC). (See Manual and Automatic PLL
Bandwidth Modes.)

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.
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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, fyp,- 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 fyc «.

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 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 8.10.3 Choosing a Filter Capacitor .)

Also important is the operating voltage potential applied to V. 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.

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.
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8.10.3 Choosing a Filter Capacitor

As described in 8.10.2 Parametric Influences on Reaction Time , the
external filter capacitor, C, 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 the following
equation:

C.=C EP/DDAD
F FACTD]?_RDV 0

For acceptable values of C,.r, See 8.10 Acquisition/Lock Time
Specifications . For the value of V,,, 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
equations below. These equations yield nominal values under the
following conditions:

» Correct selection of filter capacitor, C. (See 8.10.3 Choosing a
Filter Capacitor .)

* Room temperature operation
* Negligible external leakage on CGMXFC

* Negligible noise
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NOTE:

The K factor in the equations is derived from internal PLL parameters.

Kaco IS the K factor when the PLL is configured in acquisition mode, and
K:ri IS the K factor when the PLL is configured in tracking mode. (See
Acquisition and Tracking Modes.)

tiock = taco T taL

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.) A certain number of clock cycles,
Naco» IS required to ascertain that the PLL is within the tracking mode
entry tolerance, A;ri, before exiting acquisition mode. A certain number
of clock cycles, nyx, is required to ascertain that the PLL is within the
lock mode entry tolerance, A, o Therefore, the acquisition time, tacq, is
an integer multiple of n,c/frpy, @and the acquisition to lock time, t, , is an
integer multiple of n.,/frpy- AlSO, since the average frequency over the
entire measurement period must be within the specified tolerance, the
total time usually is longer than t o« as calculated above.

In manual mode, it is usually necessary to wait considerably longer than
t ock before selecting the PLL clock (see 8.4.3 Base Clock Selector
Circuit ), because the factors described in 8.10.2 Parametric
Influences on Reaction Time may slow the lock time considerably.
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Section 9. Configuration Register (CONFIG)

9.1 Contents

9.2 Introduction. . . .. ... ... 119

9.3 Functional Description . .......... ... ... . i 120

9.2 Introduction

This section describes the configuration register (CONFIG). The
configuration register enables or disables the following options:

* Resets caused by the low-voltage inhibit module (LVI)
» Power to the LVI module

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

* STOP instruction
» Computer operating properly module (COP) resets

» COP time-out period
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9.3 Functional Description

The configuration register is used in the initialization of various options.
The configuration register can only be written once after each reset. All
of the configuration register bits are cleared with reset. Since the various
options affect the operation of the MCU it is recommended that this
register be written immediately after reset. The configuration register is
located at $001F. For compatibility, a write to the ROM version at this
location will have no effect. The configuration register may be read at
any time.

NOTE: Reset will clear the contents of the configuration register. The
configuration register will allow only one write.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
CONFIG LVIRSTD|LVIPWRD| SSREC COPL STOP COPD
$001F Write:
POR: 0 0 0 0 0 0 0 0

Figure 9-1. Configuration Register (CONFIG)

LVIPWRD — LVI Module Power Disable Bit

LVIPWRD disables the LVI Module. Reset resets LVIPWRD. (See
Section 13. Low-Voltage Inhibit (LVI) .)

1 = LVI module power disabled

0 = LVI module power enabled

LVIRSTD — LVI Module Reset Disable Bit

LVIRSTD disables the reset signal from the LVI module. Reset resets
LVIRSTD. (See Section 13. Low-Voltage Inhibit (LVI) .)

1 = LVI Module resets disabled

0 = LVI module resets enabled
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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. Reset
clears SSREC. (See 7.7.2 Stop Mode .)

1 = Stop mode recovery after 32 CGMXCLK cycles

0 = Stop mode recovery after 4096 CGMXCLK cycles

If using an external crystal oscillator, do not set the SSREC bit.

COPL — COP Long Timeout Bit
COPL selects the long COP timeout period. Reset clears COPL.

1 = COP timeout period is 218 —2* CGMXCLK cycles
0 = COP timeout period is 213 -2 CGMXCLK cycles

STOP — STORP Instruction Enable Bit

STOP enables the STOP instruction. Reset clears STOP.
1 = STOP instruction enabled
0 = STOP instruction treated as illegal opcode

COPD — COP Disable Bit

COPD disables the COP module. Reset clears COPD.
(See Section 12. Computer Operating Properly (COP) )
1 = COP module disabled
0 = COP module enabled
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10.1 Contents

10.2 Introduction

Section 10. Break Module (Break)

10.2 Introduction. . ... .. 123
10.3 Features .. ... ... 124
10.4 Functional Description .. ... . i 124
10.4.1  Flag Protection During Break Interrupts ... ........... 125
10.4.2  CPU During Break Interrupts. . .. ................... 126
10.4.3 DMA During Break Interrupts . ..................... 126
10.4.4  TIM During Break Interrupts . ...................... 126
10.4.5 COP During Break Interrupts .. .................... 126
10.5 Break Module Registers. ............ ... . ... 127
10.5.1  Break Status and Control Register (BRKSCR) .. ....... 127
10.5.2  Break Address Registers (BRKH and BRKL) .......... 128
10.6 Low-Power Modes . ...........c.oiiiiiiiiiiiiinnn.. 128
10.6.1 WaitMode. ....... ... .. 128
10.6.2 StopMode. ... 128

This section describes the break module (Break). The break module can
generate a break interrupt that stops normal program flow at a defined
address to enter a background program.
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10.3 Features

Features of the break module include the following:

» Accessible I/O Registers during the Break Interrupt
* CPU-Generated and DMA-Generated Break Interrupts
» Software-Generated Break Interrupts

» COP Disabling during Break Interrupts

10.4 Functional Description

NOTE:

When the internal address bus matches the value written in the break
address registers, the break module issues a breakpoint signal (BKPT)
to the SIM. The SIM then causes the CPU to load the instruction register
with a software interrupt instruction (SWI1) 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.

» During a DMA transfer, a DMA-generated address matches the
contents of the break address registers.

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

DMA section and associated functions are only valid if the MCU has a
DMA module.

When a CPU- or DMA-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 10-1 shows the structure of the break module.
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IAB[15:8]

—

BREAK ADDRESS REGISTER HIGH

8-BIT COMPARATOR —

IAB[15:0]
- CONTROL |— BKPT
(TO SIM)
8-BIT COMPARATOR —
BREAK ADDRESS REGISTER LOW
—4}
IAB[7:0]

Figure 10-1. Break Module Block Diagram

Table 10-1. Break 1/0 Register Summary
Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.

Break Address Register High (BRKH)| Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 Bit8 |[$FEOC

Break Address Register Low (BRKL)| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |$FEOD

Break Status/Control Register (BRKSCR)| BRKE | BRKA $FEOE

= Unimplemented

10.4.1 Flag Protection During Break Interrupts

The system integration module (SIM) controls whether or not module
status bits 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 7.8.3 SIM Break Flag Control
Register (SBFCR) and the Break Interrupts subsection for each
module.)
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10.4.2 CPU During Break Interrupts
The CPU starts a break interrupt by:

* Loading the instruction register with the SWI instruction

» 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.

10.4.3 DMA During Break Interrupts
During a break interrupt, the DMA is inactive.

If a DMA-generated address matches the contents of the break address
registers, a break interrupt begins at the end of the current CPU
instruction.

If a break interrupt is asserted during the current address cycle and the
DMA is active, the DMA releases the internal address and data buses at
the next address boundary to preserve the current MCU state. During
the break interrupt, the DMA continues to arbitrate DMA channel
priorities. After the break interrupt, the DMA becomes active again and
resumes transferring data according to its highest priority service
request.

10.4.4 TIM During Break Interrupts

A break interrupt stops the timer counter.

10.4.5 COP During Break Interrupts

The COP is disabled during a break interrupt when Vg, + V., is present
on the RST pin.
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10.5 Break Module Registers

Three registers control and monitor operation of the break module:

» Break status and control register (BRKSCR)
* Break address register high (BRKH)
* Break address register low (BRKL)

10.5.1 Break Status and Control Register (BRKSCR)

The break status and control register contains break module enable and

status bits.
Bit 7 6 5 4 3 2 1 Bit 0
BRKSCR Read: 0 0 0 0 0 0
$FEOE BRKE | BRKA
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 10-2. Break Status and Control Register (BRKSCR)

BRKE — Break Enable Bit

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

BRKA — Break Active Bit

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

1 = Break address match

0 = No break address match
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10.5.2 Break Address Registers (BRKH and BRKL)

The break address registers contain the high and low bytes of the
desired breakpoint address. Reset clears the break address registers.

Bit 7 6 5 4 3 2 1 Bit 0

BRKH Read: . . . . ) ) . .
$FEOC  \rite: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Reset: 0 0 0 0 0 0 0 0

BrkL Read:| . . . . . .
$FEOD  \yrite: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 1 Bit 0
Reset: 0 0 0 0 0 0 0 0

Figure 10-3. Break Address Registers (BRKH and BRKL)

10.6 Low-Power Modes

10.6.1 Wait Mode

10.6.2 Stop Mode

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

If enabled, the break module and the DMA module are active in wait
mode. The SIM break stop/wait bit (SBSW) in the SIM break status
register (see 7.8 SIM Registers ) becomes set if a DMA-generated
address matches the break address registers in wait mode. The DMA
can also use the break status and control register as its destination
address in order to write to the BRKA and BRKE bits during wait mode.
The SBSW bit is set if the DMA writes to the break status and control
register. SBSW is for applications that require a return to wait mode after
exiting wait mode for a DMA-generated break interrupt. In the break
routine, the user can subtract one from the return address on the stack
if SBSW is set. Clear the SBSW bit by writing logic zero to it.

A break interrupt causes exit from stop mode and sets the SBSW bit in
the SIM break status register. (See 7.8 SIM Registers .)
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11.1 Contents

Section 11. Monitor ROM (MONO0S8)

11.2 Introduction. . ... ... 129
11.3 Features ... ... 130
11.4 Functional Description .. .......... . i 130
11.4.1 EnteringMonitorMode . ............. ... ... .. ..... 132
11.4.2 DataFormat ......... ... ... .. . . .. . 133
1143 Echoing........ ... 134
11.44 BreakSignal ......... ... . . . . 134
11.45 Commands . ...... ..t 135
11.4.6 BaudRate.......... ... ... . 138

11.2 Introduction

This section describes the monitor ROM (MONO8). The monitor ROM
allows complete testing of the MCU through a single-wire interface with
a host computer.
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11.3 Features
Features of the monitor ROM include the following:

* 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

* 4800 Baud-28.8 kBaud Communication with Host Computer
» Execution of Code in RAM or ROM
» (E)EPROM/OTPROM Programming

11.4 Functional Description

The monitor ROM receives and executes commands from a host
computer. Figure 11-1 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
MC68HC708AS48 has an EPROM security feature that requires proper
procedures to be followed before the EPROM can be accessed. 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
PTADO pin. A level-shifting and multiplexing interface is required between
PTAO and the host computer. PTAQ is used in a wired-OR configuration
and requires a pullup resistor.
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VDD
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Figure 11-1. Monitor Mode Circuit
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11.4.1 Entering Monitor Mode

NOTE:

Table 11-1 shows the pin conditions for entering monitor mode.

Table 11-1. Mode Selection

C
a S| gl | £
o ool ol o
3 Bus
5 8 8 <of 8 Mode CGMOUT Frequency
o Rl Rl &l &
o
Voo + Vi | 1] 0] 1|1 Monitor CGM;(CLK or CGM;/CLK CGMZOUT
Voo + Vi | 10| 1|0 | Monitor CGMXCLK C_____G'\"ZOUT

Enter monitor mode by either

* Executing a software interrupt instruction (SWI) or

* Applying a logic zero and then a logic one to the RST pin.

The MCU sends a break signal (10 consecutive logic zeros) to the host
computer, indicating that it is ready to receive a command. The break
signal also provides a timing reference to allow the host to determine the

necessary baud rate.

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 Vg, + V,,
is applied to either the IRQ1/V, pin or the V,, pin. (See Section

7. System Integration Module (SIM)  for more information on modes of

operation.)

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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Table 11-2 is a summary of the differences between user mode and
monitor mode.

Table 11-2. Mode Differences

Functions

Reset Reset Break Break SWI SWI
Vector | Vector | Vector | Vector | Vector | Vector
High Low High Low High Low

Modes cop

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

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

1. If the high voltage (Vpp + V) is removed from the IRQ1/V,, pin or the RST pin, the SIM
asserts its COP enable output. The COP is a mask option enabled or disabled by the
COPD bit in the configuration register.

11.4.2 Data Format

Communication with the monitor ROM is in standard non-return-to-zero
(NRZ) mark/space data format. (See Figure 11-2 and Figure 11-3.)

The data transmit and receive rate can be anywhere from 4800 baud to

28.8 kbaud. Transmit and receive baud rates must be identical.

NEXT

N\ (emo Y ers Y\ eme { ems | sra ) ems | eme f st ) sToP \EMXXX

Figure 11-2. Monitor Data Format

NEXT

START START
$A5 BIT BIT O BIT1 BIT 2 BIT3 BIT4 |/ BIT5 \ BIT6 / BIT7 STOP \ BIT KXXXXXXXX
BIT
START STOP
BREAK _\ BIT BITO BIT1 BIT2 BIT3 BIT 4 BIT5 BIT6 BIT7 BIT NEXT
START

BIT

Figure 11-3. Sample Monitor Waveforms
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11.4.3 Echoing

As shown in Figure 11-4 , 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.

SENT TO
MONITOR

\/ \/ \/
X READ | READ ) ADDR.HIGH | ADDR HIGH ) ADDR.LOW | ADDR.LOW )  DATA X
A

ECHO

RESULT

Figure 11-4. Read Transaction

11.4.4 Break Signal
A start bit followed by nine low bits is a break signal. (See Figure 11-5.)

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 —9 -—

- TWO-STOP-BIT DELAY BEFORE ZERO ECHO
A A
o fthefsfafsfehr

Figure 11-5. Break Transaction
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General Release Specification
Functional Description

The monitor ROM uses the following commands:

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 11-3. 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

SENTTO

Command Sequence

MONITOR

ECHO

A

X

READ

{ REaD ) ADDR.HIGH f ADDR.HIGH | ADDR.LOW | ADDR.LOW )  DATA X

A A A

RESULT
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Table 11-4. 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

SENT TO

Command Sequence

MONITOR

A

A A

A

X WRITE X WRITE X ADDR. HIGH X ADDR. HIGH X ADDR. LOW X ADDR. LOW X DATA

DATA X

ECHO

A A A

Table 11-5. 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

\J

X READ { READ | DATA DATA

)

A A

ECHO

RESULT
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Table 11-6. 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

\ J

X WRITE  {  WRITE

DATA

DATA X

A

ECHO

Table 11-7. 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

SENTTO
MONITOR

A

X READSP X READSP X SP HIGH X SP LOW X

A

ECHO

A

|

A

RESULT
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Table 11-8. RUN (Run User Program) Command

Description Executes RTI instruction

Operand None

Data Returned None
Opcode $28

Command Sequence

SENT TO
MONITOR

X RN f RN X

ECHO

11.4.6 Baud Rate

With a 4.9152-MHz crystal and the PTC3 pin at logic one during reset,
data is transferred between the monitor and host at 4800 baud. If the
PTC3 pin is at logic zero 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 Section 8. Clock Generator Module (CGM) )

Table 11-9. Monitor Baud Rate Selection

VCO Frequency Multiplier (N)

1 2 3 4 5 6

Monitor

4800 9600 14,400 19,200 24,000 28,800
Baud Rate
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Section 12. Computer Operating Properly (COP)

12.1 Contents

12.2 Introduction

12.2 Introduction. . .......... .. .. e 139
12.3 Functional Description .. .......... . i 140
12.4 1/OSignals . ....... . 142
1241  CGMXCLK. ... 142
12.4.2 STOPInstruction. .. ... ... 142
1243 COPCTLWIItE .. e 142
12.4.4 Internal Reset Resources .. ....................... 142
12.4.5 ResetVectorFetch ... .......... ... ... .......... 142
1246 COPD(COPDisable) ............ ... .. ... .. ... 142
12.47 COPL (COPLong  Timeout) ............ ... 143
12.5 COP Control Register (COPCTL). ..................... 143
12.6 INterrupts. . ..o 143
12.7 MonitorMode . ........ ... 143
12.8 Low-PowerModes .............o .. 143
1281 WaitMode. ......... .. . e 144
12.8.2 StopMode. ... . 144
12.9 COP Module During Break Interrupts. . . ................ 144

This section describes the computer operating properly (COP) module,
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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12.3 Functional Description

Figure 12-1 shows the structure of the COP module.

SIM
CGMXCLK —P> 12-BIT SIM COUNTER L — SIM RESET CIRCUIT
A A
o 5 »|  SIMRESET STATUS REGISTER
= N
o —
@ x
0 5
—
o o
STOP INSTRUCTION
INTERNAL RESET SOURCESY
RESET VECTOR FETCH
COPCTL WRITE
COP MODULE

COPD (FROM MOR) Y
RESET CLEAR
COPCTL WRITE COP COUNTER

COPL 1

COPEN (FROM SIM) — )7 D> 6-BIT COP COUNTER ]

NOTE:
1. See 7.4.2 Active Resets from Internal Sources

Figure 12-1. COP Block Diagram
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Table 12-1. COP 1/O Register Summary

Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.

COP Control Register (COPCTL) $FFFF

The COP counter is a free-running 6-bit counter preceded by the 12-bit
system integration module (SIM) counter. If not cleared by software, the
COP counter overflows and generates an asynchronous reset after
(213 - 2% or (218 — 2%) CGMXCLK cycles depending upon COPL bit in
the configuration register. With a 4.9152-MHz crystal and the COPL bit
in the CONFIG register set to a logic one, the COP timeout period is
approximately 53.3 ms. Writing any value to location $FFFF before
overflow occurs clears the COP counter, clears bits 12 through 4 of the
SIM counter, and prevents reset. A CPU interrupt routine or a DMA
service routine can be used to clear the COP. The COP should be
serviced as soon as possible out of reset and before entering or after
exiting stop mode to guarantee the maximum selected amount of time
before the first time out.

A COP reset pulls the RST pin low for 32 CGMXCLK cycles and sets the
CORP bit in the SIM reset status register (SRSR) (see 7.8.2 SIM Reset
Status Register (SRSR)) .

The COP module is disabled if the RST pin or the IRQ1/V,, pin is held
atVpp + V,, while the MCU is in monitor mode. The COP module can be
disabled only through combinational logic conditioned with the high
voltage signal on the RST or the IRQ1/V,, pin. This prevents the COP
from becoming disabled as a result of external noise. During a break
state, Vpp, + V,, on the RST pin disables the COP module.

NOTE: 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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12.4 1/0 Signals

The following paragraphs describe the signals shown in Figure 12-1 .

12.4.1 CGMXCLK

CGMXCLK is the crystal oscillator output signal. CGMXCLK frequency
is equal to the crystal frequency.

12.4.2 STOP Instruction

The STOP instruction clears the SIM counter.

12.4.3 COPCTL Write

Writing any value to the COP control register (COPCTL) (see 12.5 COP
Control Register (COPCTL)) clears the COP counter and clears bits 12
through 4 of the SIM counter. Reading the COP control register returns
the reset vector.

12.4.4 Internal Reset Resources

An internal reset clears the SIM counter and the COP counter. (See
7.4.2 Active Resets from Internal Sources )

12.4.5 Reset Vector Fetch

A reset vector fetch occurs when the vector address appears on the data
bus. A reset vector fetch clears the SIM counter.

12.4.6 COPD (COP Disable)

The COPD signal reflects the state of the COP disable bit (COPD) in the
configuration register (CONFIG). (See Section 9. Configuration
Register (CONFIG) .)
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12.4.7 COPL (COP Long Timeout)

The COPL signal selects the state of the COP long timeout bit (COPL)
in the configuration register (CONFIG). (See Section 9. Configuration
Register (CONFIG) .)

12.5 COP Control Register (COPCTL)

12.6 Interrupts

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.

Bit 7 6 5 4 3 2 1 Bit O
COPCTL Read: Low byte of reset vector
$FFFF Write: Clear COP counter
Reset: Unaffected by reset

Figure 12-2. COP Control Register (COPCTL)

The COP does not generate CPU interrupt requests or DMA service
requests.

12.7 Monitor Mode

The COP is disabled in monitor mode when Vg, + V,, is present on the
IRQ1/Vpp pin or on the RST pin.

12.8 Low-Power Modes

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

MC68HC708AS48 — Rev. 2.0

MOTOROLA

Computer Operating Properly (COP) 143



General Release Specification COP Module During Break Interrupts

12.8.1 Wait Mode

The COP continues to operate during wait mode. To prevent a COP
reset during wait mode, periodically clear the COP counter in a CPU
interrupt routine or a DMA service routine.

12.8.2 Stop Mode

Stop mode turns off the CGMXCLK input to the COP and clears the SIM
counter. 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 programming the STOP bit
to logic zero.

12.9 COP Module During Break Interrupts

The COP is disabled during a break interrupt when V + V,, is present
on the RST pin.
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13.2 Introduction

13.3 Features

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

Features of the LVI module include the following:

* Programmable LVI Reset

* Programmable Power Consumption

13.4 Functional Description

Figure 13-1 shows the structure of the LVI module. The LVI module
contains a bandgap reference circuit and comparator. The LVI power
disable bit, LVIPWRD, disables the LVI from monitoring V voltage. The
LVIreset disable bit, LVIRSTD, disables the LVI module from generating
a reset when Vg, falls below a voltage, V,,,,. LVIPWRD and LVIRSTD
are in the configuration register (CONFIG). (See Section

9. Configuration Register (CONFIG) .) Once an LVI reset occurs, the
MCU remains in reset until Vg, rises above a voltage, V,,,z. The output
of the comparator controls the state of the LVIOUT flag in the LVI status
register (LVISR).

An LVI reset also drives the RST pin low to provide low-voltage
protection to external peripheral devices.
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— STOP INSTRUCTION
)D—L °< 4 LVISTOP | (FROM MOR)
LVIPWR

(FROM MOR)
(FROM MOR)

-LVIRST —
towv,, | Voo>Whee=0 :>—> LVI RESET

DETECTOR [y iwi -1

\J

LviouT

Figure 13-1. LVI Module Block Diagram

Table 13-1. LVI I/O Register Summary

Bit 7 6 5 4 3 2 1 Bit0  Addr.

LVI Status Register (LVISR)| LVIOUT LVISTOP | LVILCK $FEOF

= Unimplemented

13.4.1 Polled LVI Operation

In applications that can operate at V,, levels below the V,,, level,
software can monitor V, by polling the LVIOUT bit. In the configuration
register, the LVIPWRD bit must be at logic zero to enable the LVI
module, and the LVIRSTD bit must be at logic one to disable LVI resets.

13.4.2 Forced Reset Operation

In applications that require V,, to remain above the V,,, level, enabling
LVI resets allows the LVI module to reset the MCU when V, falls to the
V., level. In the configuration register, the LVIPWRD and LVIRSTD bits
must be at logic zero to enable the LVI module and to enable LVI resets.
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13.5 LVI Status Register (LVISR)

The LVI status register flags V, voltages below the V,,, level.

Bit7 6 5 4 3 2 1 Bit 0
Read:| LVIOUT | 0 0 0 0 0
;\;:550 T: LVISTOP | LVILCK
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 13-2. LVI Status Register (LVISR)

LVILCK — LVI lock

This read/write bit inhibits writing to the LVI status and control
register. When LVILCK is set, writing to the LVI status and control
register has no effect. The LVILCK bit can be cleared only by reset.
1 = LVISCR write-protected
0 = LVISCR not write-protected

LVISTOP — LVI Disable in Stop Mode Bit

This read/write bit turns off the low-voltage inhibit module (LVI) in stop
mode when the LVISTOP bit is set.

1 = LVI disabled by STOP instruction

0 = LVI not disabled by STOP instruction

NOTE: To meet the stop mode I, specification, LVISTOP must be at logic one.

LVIOUT — LVI Output Bit
This read-only flag becomes set when the V, voltage falls below the
V|, Voltage. (See Table 13-2.) Reset clears the LVIOUT bit.

Table 13-2. LVIOUT Bit Indication

Voo LVIOUT
Voo > Vivir 0
Vop < Vv 1
Vivi < Voo < Vivir Previous Value
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13.6 LVI Interrupts

The LVI module does not generate interrupt requests.

13.7 Low-Power Modes

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

13.7.1 Wait Mode

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

With the LVIRSTD bit in the configuration register programmed to logic

zero, the LVI module can generate a reset and bring the MCU out of wait
mode.

13.7.2 Stop Mode

When the LVIPWRD bit in the configuration register is programmed to
logic zero and the LVISTOP bit in the LVISR register is at logic zero, the
LVI module remains active after a STOP instruction.

NOTE: |Ifthe LVIPWRD bitis at logic zero, the LVISTOP bit must be at logic one
to meet the minimum stop mode I, specification.
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Section 14. External Interrupt (IRQ)

14.1 Contents

14.2 Introduction. . ... ... 151
14.3 Features ... ... 151
14.4 Functional Description ............ ... i 152
145 IRQIN PIN. ..o 155
14.6 IRQ Module During Break Interrupts . .................. 156
14.7 IRQ Status and Control Register (ISCR) ................ 157

14.2 Introduction

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

14.3 Features

Features include:

» Dedicated External Interrupt Pin (IRQ1/Vpp)
* Hysteresis Buffer
* Programmable Edge-only or Edge and Level Interrupt Sensitivity

* Automatic Interrupt Acknowledge
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14.4 Functional Description

Alogic zero applied to the external interrupt pin can latch a CPU interrupt
request. Figure 14-1 shows the structure of the IRQ module.

Interrupt signals on the IRQ1/V,, pin are latched into the IRQ1 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 one to the ACK1 bit clears
the IRQ1 latch.

* Reset — A reset automatically clears both interrupt latches.

VECTOR TO CPU FOR
3 FETCH » BIL/BIH
DECODER INSTRUCTIONS

o y_ L

i SYNCHRO-
_ NIZER IRQ1
IROTIV,, —4 CcK INTERRUPT
\} . REQUEST
IMASK1 > O

INTERNAL ADDRESS BUS

HIGH
»{ VOLTAGE
DETECT

_ TO MODE
> SELECT
LOGIC

Figure 14-1. IRQ Block Diagram
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Table 14-1. IRQ I/O Register Summary

Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.

0 0 0 0 IRQF1 0
IRQ Status/Control Register (ISCR) IMASK1 | MODE1 |$001A
ACK1

= Unimplemented

The external interrupt pin is falling-edge triggered and is software-
configurable to be both falling-edge and low-level triggered. The MODEL1
bit in the ISCR controls the triggering sensitivity of the IRQ1/V, 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:

e Vector fetch or software clear

* Return of the interrupt pin to logic one

The vector fetch or software clear may occur before or after the interrupt
pin returns to logic one. As long as the pin is low, the interrupt request

remains pending. A reset will clear the latch and the MODEZ1 control bit,
thereby clearing the interrupt even if the pin stays low.

When set, the IMASK1 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.

NOTE: The interrupt mask (1) in the condition code register (CCR) masks all
interrupt requests, including external interrupt requests.
(See Figure 14-2 )
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‘ FROM RESET »

A

\

| BIT SET?

|NTERFVYES
NO N
Y
STACK CPU REGISTERS.
ETIBIT.
LOAD PC WITH INTERRUPT VECTOR.
Y
FETCH NEXT
INSTRUCTION.
SW
INSTRUCTION?

UNSTACK CPU REGISTERS.

A

EXECUTE INSTRUCTION.

Y

Figure 14-2. IRQ Interrupt Flowchart
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14.5 IRQ1L/V,p Pin

A logic zero on the IRQ1/Vy, pin can latch an interrupt request into the
IRQ1 latch. A vector fetch, software clear, or reset clears the IRQ1 latch.

If the MODEL1 bit is set, the IRQ1/Vy, pin is both falling-edge-sensitive
and low-level-sensitive. With MODEL1 set, both of the following actions
must occur to clear the IRQ1 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 one to
the ACK1 bit in the interrupt status and control register (ISCR).
The ACK1 bit is useful in applications that poll the IRQ1/V,, pin
and require software to clear the IRQ1 latch. Writing to the ACK1
bit can also prevent spurious interrupts due to noise. Setting ACK1
does not affect subsequent transitions on the IRQ1/V,;, pin. A
falling edge on IRQ1/V,, that occurs after writing to the ACK1 bit
latches another interrupt request. If the IRQ1 mask bit, IMASK1, is
clear, the CPU loads the program counter with the vector address
at locations $FFFA and $FFFB.

* Return of the IRQ1/Vy, pin to logic one — As long as the IRQ1/V,,
pin is at logic zero, the IRQ1 latch remains set.

The vector fetch or software clear and the return of the IRQ1/V,,, pin to
logic one may occur in any order. The interrupt request remains pending
as long as the IRQ1/V,, pin is at logic zero. A reset will clear the latch
and the MODEL1 control bit, thereby clearing the interrupt even if the pin
stays low.

If the MODEL1 bit is clear, the IRQ1/V,, pin is falling-edge-sensitive only.
With MODEL1 clear, a vector fetch or software clear immediately clears
the IRQ1 latch.
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NOTE:

The IRQF1 bit in the ISCR register can be used to check for pending
interrupts. The IRQFL1 bit is not affected by the IMASK1 bit, which makes
it useful in applications where polling is preferred.

Use the BIH or BIL instruction to read the logic level on the IRQ1/V, pin.

When using the level-sensitive interrupt trigger, avoid false interrupts by
masking interrupt requests in the interrupt routine.

14.6 IRQ Module During Break Interrupts

The system integration module (SIM) controls whether the IRQ1
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 7.8.3 SIM Break Flag Control
Register (SBFCR) .)

To allow software to clear the IRQ1 latch during a break interrupt, write
a logic one 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 zero to the BCFE
bit. With BCFE at logic zero (its default state), writing to the ACK1 bit in
the IRQ status and control register during the break state has no effect
on the IRQ latch.
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14.7 IRQ Status and Control Register (ISCR)

The IRQ Status and Control Register (ISCR) controls and monitors
operation of the IRQ module. The ISCR has the following functions:

* Shows the state of the IRQL1 interrupt flag

* Clears the IRQlinterrupt latch

» Masks IRQ1 interrupt request

« Controls triggering sensitivity of the IRQ1/V,, interrupt pin

Bit 7 6 5 4 3 2 1 Bit 0
Read: IRQF1 0
'Sch; IMASK1 | MODE1
$00 Write: ACK1
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 14-3. IRQ Status and Control Register (ISCR)

IRQ1F — IRQ1 Flag
This read-only status bit is high when the IRQ1 interrupt is pending.
1 = IRQL1 interrupt pending
0 = IRQ1 interrupt not pending

ACK1 — IRQ1 Interrupt Request Acknowledge Bit

Writing a logic one to this write-only bit clears the IRQ1 latch. ACK1
always reads as logic zero. Reset clears ACK1.

IMASK1 — IRQ1 Interrupt Mask Bit

Writing a logic one to this read/write bit disables IRQ1 interrupt
requests. Reset clears IMASK1.

1 = IRQL1 interrupt requests disabled

0 = IRQ1 interrupt requests enabled

MODE1 — IRQ1 Edge/Level Select Bit

This read/write bit controls the triggering sensitivity of the IRQ1/Vp

pin. Reset clears MODEL.
IRQ1/Vyp interrupt requests on falling edges and low levels

IRQ1/Vyp interrupt requests on falling edges only

1
0
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15.2 Introduction

15.3 Features

This section describes the serial communications interface module
(SCI), which allows high-speed asynchronous communications with
peripheral devices and other MCUs.

Features of the SCI module include the following:

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
Separate Receiver and Transmitter DMA Service Requests
Programmable Transmitter Output Polarity

Two Receiver Wake-Up Methods:
— Idle Line Wake-Up
— Address Mark Wake-Up

Interrupt-Driven Operation with Eight Interrupt Flags:
— Transmitter Empty

— Transmission Complete

— Receiver Full

— Idle Receiver Input

— Receiver Overrun

— Noise Error

— Framing Error

— Parity Error

Receiver Framing Error Detection
Hardware Parity Checking
1/16 Bit-Time Noise Detection
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15.4 Functional Description

NOTE:

Register Name

SCI Control Register 1 (SCC1)
SCI Control Register 2 (SCC2)| SCTIE | TCIE | SCRIE ILIE TE RE RwWU SBK |$0014
SCI Control Register 3 (SCC3)

SCI Status Register 1 (SCS1

Figure 15-1 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.
During DMA transfers, the DMA fetches data from memory for the SCI
to transmit and/or the DMA stores received data in memory.

DMA section and associated functions are only valid if the MCU has a
DMA module.

Table 15-1. SCI I/O Register Summary

Bit 7 6 5 4 3 2 1 Bit0 Addr.

LOOPS | ENSCI | TXINV M WAKE | ILTY PEN PTY |$0013

R8 T8 | DMARE | DMATE | ORIE | NEIE FEIE PEIE |$0015

SCTE TC SCRF | IDLE OR NF FE PE |$0016

(
(

)
SCI Status Register 2 (SCS2) BKF RPF |$0017
SCI Data Register (SCDR) $0018
SCI Baud Rate Register (SCBR) SCP1 | SCPO SCR2 | SCR1 | SCRO |$0019

MC68HC708AS48 — Rev. 2.
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Figure 15-1. SCI Module Block Diagram

MC68HC708AS48 — Rev. 2.0

162 Serial Communications Interface (SCI) MOTOROLA



General Release Specification
Functional Description

15.4.1 Data Format

The SCI uses the standard non-return-to-zero mark/space data format
illustrated in Figure 15-2 .

8-BIT DATA FORMAT

POSSIBLE
(BIT M IN SCC1 CLEAR) PARITY

BIT NEXT

T\ %5 (oo Y ey )\ ez )\ ems ) eme ) ems ) eme ) em7 ) sToP \ B

9-BIT DATA FORMAT

(BIT M IN SCC1 SET) POSSIBLE
PARITY
BIT NEXT

_\STBI?ETA BITO X BIT1 X BIT2 X BIT3 X BIT 4 X BITS X BIT6 X BIT7 X BITS Y STOP \STB/?ETA

Figure 15-2. SCI Data Formats

15.4.2 Transmitter
Figure 15-3 shows the structure of the SCI transmitter.

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).

Character Transmission

During an SCI transmission, the transmit shift register shifts a
character out to the PTEO/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 one to the enable SCI bit
(ENSCI) in SCI control register 1 (SCC1).

2. Enable the transmitter by writing a logic one to the transmitter
enable bit (TE) in SCI control register 2 (SCC2).

MC68HC708AS48 — Rev. 2.0
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3. Clear the SCI transmitter empty bit by first reading SCI status
register 1 (SCS1) and then writing to the SCDR. In a DMA
transfer, the DMA automatically clears the SCTE bit by 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 ones. After
the preamble shifts out, control logic transfers the SCDR data into the
transmit shift register. A logic zero start bit automatically goes into the
least significant bit position of the transmit shift register. A logic one
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 or a
transmitter DMA service request.

The SCTE bit generates a transmitter DMA service request if the
DMA transfer enable bit, DMATE, in SCI control register 3 (SCC3) is
set. Setting the DMATE bit enables the SCTE bit to generate
transmitter DMA service requests and disables transmitter CPU
interrupt requests.

When the transmit shift register is not transmitting a character, the
PTEO/TxD pin goes to the idle condition, logic one. 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.

MC68HC708AS48 — Rev. 2.0
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Table 15-2. SCI Transmitter I/O Register Summary

— PTEO/TXD

Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.

SCI Control Register 1 (SCC1)| LOOPS | ENSCI | TXINV M WAKE ILTY PEN PTY |$0013

SCI Control Register 2 (SCC2)| SCTIE | TCIE | SCRIE ILIE TE RE RWU SBK |$0014

SCI Control Register 3 (SCC3)| R8 T8 DMARE | DMATE | ORIE NEIE FEIE PEIE [$0015

SCI Status Register 1 (SCS1)| SCTE TC SCRF | IDLE OR NF FE PE |$0016

SCI Data Register (SCDR) $0018

SCI Baud Rate Register (SCBR) SCP1 | SCPO SCR2 | SCR1 | SCRO |$0019

= Unimplemented
MC68HC708AS48 — Rev. 2.0

MOTOROLA Serial Communications Interface (SCI) 165



General Release Specification Functional Description

Break Characters

Writing a logic one to the send break bit, SBK, in SCC2 loads the
transmit shift register with a break character. A break character
contains all logic zeros 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 one, 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 one. The automatic logic one 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
8 or 9 logic zero data bits and a logic zero 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 bitin 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

Idle Characters

An idle character contains all logic ones 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 PTEO/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.

MC68HC708AS48 — Rev. 2.0
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NOTE: When queueing an idle character, return the TE bit to logic one before
the stop bit of the current character shifts out to the PTEO/TxD pin.
Setting TE after the stop bit appears on PTEO/TxD causes data
previously written to the SCDR to be lost.

A good time to toggle the TE bit is when the SCTE bit becomes set and
just before writing the next byte to the SCDR.

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 one. (See 15.8.1 SCI Control Register 1 (SCC1) .)

Transmitter Interrupts

The following conditions can generate CPU interrupt requests from
the SCI transmitter:

e SCI 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 or a transmitter DMA service request. Setting
the SCI transmit interrupt enable bit, SCTIE, in SCC2 enables
the SCTE bit to generate transmitter CPU interrupt requests.
Setting both the SCTIE bit and the DMA transfer enable bit,
DMATE, in SCC3 enables the SCTE bit to generate
transmitter DMA service requests.

* 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.

MC68HC708AS48 — Rev. 2.0

MOTOROLA Serial Communications Interface (SCI) 167



General Release Specification Functional Description

15.4.3 Receiver

Figure 15-4 shows the structure of the SCI receiver.
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Figure 15-4. SCI Receiver Block Diagram
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Table 15-3. SCI Receiver I/0 Register Summary

Register Name

Bit 7 6 5 4 3 2 1 BitO Addr.

SCI Control Register 1 (SCC1)| LOOPS | ENSCI | TXINV M WAKE | ILTY PEN PTY |$0013

SCI Control Register 2 (SCC2)| SCTIE | TCIE | SCRIE ILIE TE RE RWU SBK |$0014

SCI Control Register 3 (SCC3

R8 T8 | DMARE | DMATE | ORIE | NEIE FEIE PEIE |$0015

)
)

SCI Status Register 1 (SCS1)| SCTE TC SCRF | IDLE OR NF FE PE |$0016
SCI Status Register 2 (SCS2) BKF RPF |$0017
SCI Data Register (SCDR) $0018

SCI Baud Rate Register (SCBR) SCP1 | SCPO SCR2 | SCR1 | SCRO |$0019

= Unimplemented

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).

Character Reception

MC68HC708AS48 — Rev. 2.0

During an SCI reception, the receive shift register shifts characters in
from the PTE1/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, SCRF, 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 or a receiver DMA service request.

The SCRF bit generates a receiver DMA service request if the DMA
receive enable bit, DMARE, in SCI control register 3 (SCC3) is set.
Setting the DMARE bit enables the SCRF bit to generate receiver
DMA service requests and disables receiver CPU interrupt requests.

MOTOROLA
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Data Sampling

The receiver samples the PTE1/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 14-5):

» After every start bit

» After the receiver detects a data bit change from logic one to
logic zero (after the majority of data bit samples at RT8, RT9,
and RT10 returns a valid logic one and the majority of the next
RT8, RT9, and RT10 samples returns a valid logic zero)

To locate the start bit, data recovery logic does an asynchronous
search for a logic zero preceded by three logic ones. When the falling
edge of a possible start bit occurs, the RT clock begins to count to 16.

A

STARTBIT ———————p4— LSB —

PTE1/RxD

P o bt

START BIT START BIT DATA
SAMPLES QUALIFICATION VERIFICATION  SAMPLING

P T
aimhhnhhiinhhnhhil

RT CLOCK
STATE

TR Y YV VYV VY

Figure 15-5. Receiver Data Sampling
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To verify the start bit and to detect noise, data recovery logic takes
samples at RT3, RT5, and RT7. Table 14-4 summarizes the results
of the start bit verification samples.

Table 15-4. 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

MC68HC708AS48 — Rev. 2.0
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If start bit verification is not successful, the RT clock is reset and a

NOTE:

new search for a start bit begins.

To determine the value of a data bit and to detect noise, recovery logic
takes samples at RT8, RT9, and RT10. Table 15-5 summarizes the

results of the data bit samples.

Table 15-5. Data Bit Recovery

RT8, RT9, and RT10 Samples |Data Bit Determination Noise Flag

000

0

0

001

010

011

100

101

110

111

Rl Rr|Rr|oOo|rRr|O| O

oO|lr|kr|R|RP|RL|R

The RT8, 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 ones
following a successful start bit verification, the noise flag (NF) is set and

the receiver assumes that the bit is a start bit.
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To verify a stop bit and to detect noise, recovery logic takes samples
at RT8, RT9, and RT10. Table 15-6 summarizes the results of the
stop bit samples.

Table 15-6. 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

Framing Errors

If the data recovery logic does not detect a logic one where the stop
bit should be in an incoming character, it sets the framing error bit, FE,
in SCS1. The FE flag is set at the same time that the SCRF bit is set.
A break character that has no stop bit also sets the FE bit.

Receiver Wake-Up

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 wake-up 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 PTE1/RxD pin can bring the receiver out of the
standby state:

* Address mark — An address mark is a logic one 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

MC68HC708AS48 — Rev. 2.0
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user-defined address of the receiver. If they are the same, the
receiver remains awake and 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 PTE1/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 ones
as idle character bits after the start bit or after the stop bit.

NOTE: Clearing the WAKE bit after the PTE1/RxD pin has been idle may cause
the receiver to wake up immediately.

Receiver Interrupts

The following sources can generate CPU interrupt requests from the
SCl receiver:

SCI 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
or a receiver DMA service request. Setting the SCI receive
interrupt enable bit, SCRIE, in SCC2 enables the SCRF bit to
generate receiver CPU interrupts. Setting both the SCRIE bit
and the DMA receive enable bit, DMARE, in SCC3 enables
receiver DMA service requests and disables receiver CPU
interrupt requests.

Idle input (IDLE) — The IDLE bit in SCS1 indicates that 10 or
11 consecutive logic ones shifted in from the PTE1/RxD pin.
The idle line interrupt enable bit, ILIE, in SCC2 enables the
IDLE bit to generate CPU interrupt requests.

NOTE: When receiver DMA service requests are enabled (DMARE = 1), then
receiver CPU interrupt requests are disabled, and the state of the ILIE
bit has no effect.

MC68HC708AS48 — Rev. 2.0
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Error Interrupts

MC68HC708AS48 — Rev. 2.0

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 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
zero 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.

MOTOROLA
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Error Flags During DMA Service Requests

When the DMA is servicing the SCI receiver, it clears the SCRF bit
when it reads the SCI data register. The DMA does not clear the other
status bits (BKF or RPF), nor does it clear error bits (OR, NF, FE, and
PE). If the error bits are enabled to generate interrupt requests, the
interrupt requests may accumulate during DMA servicing. To clear
error bits while the DMA is servicing the receiver, enable SCI error
CPU interrupts and clear the bits in an interrupt routine. Note the
following latency considerations:

1.

If interrupt latency is short enough for an error bit to be
serviced before the next SCRF, then it can be determined
which byte caused the error. If interrupt latency is long enough
for a new SCRF to occur before servicing an error bit, then:

a.

It cannot be determined whether the error bit being
serviced is due to the byte in the SCI data register or to a
previous byte. Multiple errors can accumulate that
correspond to different bytes. In a message-based
system, you may have to repeat the entire message

When the DMA is enabled to service the SCI receiver,
merely reading the SCI data register clears the SCRF bit.
The second step in clearing an error bit, reading the SCI
data register, could inadvertently clear a new, unserviced
SCREF that occurred during the error-servicing routine.
Then the DMA would ignore the byte that set the new
SCRF, and the new byte would be lost.

To prevent clearing of an unserviced SCRF bit, clear the
SCRIE bit at the beginning of the error-servicing interrupt
routine and set it at the end. Clearing SCRIE disables DMA
service so that both a read of SCS1 and a read of SCDR
are required to clear the SCRF bit. Setting SCRIE enables
DMA service so that the DMA can recognize a service
request that occurred during the error-servicing interrupt
routine.

Inthe CPU interrupt routine to service error bits, do not use
BRSET or BRCLR instructions. BRSET and BRCLR read
the SCS1 register, which is the first step in clearing the

register. Then the DMA could read the SCI data register,
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the second step in clearing it, thereby clearing all error bits.
The next read of the data register would miss any error bits
that were set.

DMA latency should be short enough so that an SCRF is
serviced before the next SCRF occurs. If DMA latency is long
enough for a new SCRF to occur before servicing an error bit,
then:

a. Overruns occur. Set the ORIE bit to enable SCI error CPU
interrupt requests and service the overrun in an interrupt
routine. In a message-based system, disable the DMA in
the interrupt routine and manually recover. Otherwise, the
byte that was lost in the overrun could prevent the DMA
from reaching its byte count. If the DMA reaches it byte
count in the following message, two messages may be
corrupted.

b. If the CPU does not service an overrun interrupt request,
the DMA can eventually clear the SCRF bit by reading the
SCI data register. The OR bit remains set. Each time a
new byte sets the SCRF bit, new data transfers from the
shift register to the SCI data register (provided that another
overrun does not occur), even though the OR bit is set.
The DMA removed the overrun condition by reading the
data register, but the OR bit has not been cleared.

MOTOROLA
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15.5 Low-Power Modes

15.5.1 Wait Mode

15.5.2 Stop Mode

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

The SCI module remains active after the execution of a WAIT
instruction. In wait mode the SCI module registers are not accessible by
the CPU. Any enabled CPU interrupt request from the SCI module can
bring the MCU out of wait mode.

If SCI module functions are not required during wait mode, reduce power
consumption by disabling the module before executing the WAIT
instruction.

The DMA can service the SCI without exiting wait mode.

The SCI module is inactive after the execution of a STOP instruction.
The STOP instruction does not affect SCI register states. 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.
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15.6 SCI During Break Module Interrupts

The system integration module (SIM) controls whether status bits in other
modules can be cleared during interrupts generated by the break
module. The BCFE bit in the SIM break flag control register (SBFCR)
enables software to clear status bits during the break state. (See

7.8.3 SIM Break Flag Control Register (SBFCR) .)

To allow software to clear status bits during a break interrupt, write a
logic one 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 zero to the
BCFE bit. With BCFE at logic zero (its default state), software can read
and write 1/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 zero. After the
break, doing the second step clears the status bit.

15.7 1/0O Signals

Port E shares two of its pins with the SCI module. The two SCI I/O pins
are:

e PTEOQ/TXxD — Transmit data
« PTE1/RxD — Receive data

15.7.1 PTEO/TxD (Transmit Data)

The PTEO/TxD pin is the serial data output from the SCI transmitter. The
SCI shares the PTEO/TxD pin with port E. When the SCI is enabled, the
PTEO/TxD pin is an output regardless of the state of the DDRE2 bit in
data direction register E (DDRE).

MC68HC708AS48 — Rev. 2.0
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15.7.2 PTE1/RxD (Receive Data)

The PTE1/RxD pin is the serial data input to the SCI receiver. The SCI
shares the PTE1/RxD pin with port E. When the SCI is enabled, the

PTE1/RxD pinis an input regardless of the state of the DDREL1 bit in data
direction register E (DDRE).

15.8 1I/0O Registers

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)

15.8.1 SCI Control Register 1 (SCC1)

SCI control register 1 does the following:

Enables loop mode operation
Enables the SCI

Controls output polarity

Controls character length
Controls SCI wake-up method
Controls idle character detection
Enables parity function

Controls parity type
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Bit 7 6 5 4 3 2 1 Bit 0
sccl Read:
LOOPS | ENSCI | TXINV M WAKE ILTY PEN PTY
$0013 Write:
Reset: 0 0 0 0 0 0 0 0

Figure 15-6. SCI Control Register 1 (SCC1)

LOOPS — Loop Mode Select Bit

This read/write bit enables loop mode operation. In loop mode the
PTE1/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.

M — Mode (Character Length) Bit

This read/write bit determines whether SCI characters are 8 or 9 bits
long. (See Table 15-7.) The ninth bit can serve as an extra stop bit,
as a receiver wake-up signal, or as a parity bit. Reset clears the M bit.
1 = 9-bit SCI characters
0 = 8-bit SCI characters
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WAKE — Wake-Up Condition Bit

This read/write bit determines which condition wakes up the SCI: a
logic one (address mark) in the most significant bit position of a
received character or an idle condition on the PTE1/RxD pin. Reset
clears the WAKE bit.

1 = Address mark wake-up

0 = Idle line wake-up

ILTY — Idle Line Type Bit

This read/write bit determines when the SCI starts counting logic ones
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 ones 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 15-7.)
When enabled, the parity function inserts a parity bit in the most
significant bit position. (See Figure 15-2 .) Reset clears the PEN bit.
1 = Parity function enabled
0 = Parity function disabled

PTY — Parity Bit
This read/write bit determines whether the SCI generates and checks
for odd parity or even parity. (See Table 15-7.) 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.
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Table 15-7. Character Format Selection

General Release Specification

I/O Registers

Control Bits Character Format
v | penery | St | Dam | payy | gop | Cparace
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

15.8.2 SCI Control Register 2 (SCC2)

SCI control register 2 does the following:

* Enables the following CPU interrupt requests and DMA service

requests:

— Enables the SCTE bit to generate transmitter CPU interrupt

requests or transmitter DMA service requests

— Enables the TC bit to generate transmitter CPU interrupt

requests

— Enables the SCRF bit to generate receiver CPU interrupt
requests or receiver DMA service requests
— Enables the IDLE bit to generate receiver CPU interrupt

requests
« Enables the transmitter
* Enables the receiver

* Enables SCI wake-up

* Transmits SCI break characters

MC68HC708AS48 — Rev. 2.0

MOTOROLA Serial Communications Interface (SCI)

183



General Release Specification I/0 Registers

Bit 7 6 5 4 3 2 1 Bit 0
Read:
SCe2 SCTIE | TCIE | SCRE | ILE TE RE | RWU | SBK
$0014 Write:
Reset: 0 0 0 0 0 0 0 0

Figure 15-7. 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 or DMA service requests. Setting the SCTIE
bit and clearing the DMA transfer enable bit, DMATE, in SCC3
enables the SCTE bit to generate CPU interrupt requests. Setting
both the SCTIE and DMATE bits enables the SCTE bit to generate
DMA service requests. Reset clears the SCTIE bit.
1 = SCTE enabled to generate CPU interrupt or DMA service
requests
0 = SCTE not enabled to generate CPU interrupt or DMA service
requests

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

SCRIE — SCI Receive Interrupt Enable Bit

This read/write bit enables the SCRF bit to generate SCI receiver
CPU interrupt requests or SCI receiver DMA service requests. Setting
the SCRIE bit and clearing the DMA receive enable bit, DMARE, in
SCC3 enables the SCRF bit to generate CPU interrupt requests.
Setting both SCRIE and DMARE enables SCRF to generate DMA
service requests. Reset clears the SCRIE bit.
1 = SCRF enabled to generate CPU interrupt or DMA service
requests
0 = SCRF not enabled to generate CPU interrupt or DMA service
requests
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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

When SCI receiver DMA service requests are enabled (DMARE = 1),
then SCI receiver CPU interrupt requests are disabled, and the state of
the ILIE bit has no effect.

TE — Transmitter Enable Bit

Setting this read/write bit begins the transmission by sending a
preamble of 10 or 11 logic ones from the transmit shift register to the
PTEO/TxD pin. If software clears the TE bit, the transmitter completes
any transmission in progress before the PTEO/TXD returns to the idle
condition (logic one). 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

Writing to the TE bit is not allowed when the enable SCI bit (ENSCI) is
clear. ENSCI is in SCI control register 1.

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

Writing to the RE bit is not allowed when the enable SCI bit (ENSCI) is
clear. ENSCI is in SCI control register 1.
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RWU — Receiver Wake-Up 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 one. The logic one after the break
character guarantees recognition of a valid start bit. If SBK remains
set, the transmitter continuously transmits break characters with no
logic ones between them. Reset clears the SBK bit.

1 = Transmit break characters

0 = No break characters being transmitted

NOTE: Do not toggle the SBK bit imnmediately after setting the SCTE bit.
Toggling SBK too early causes the SCI to send a break character
instead of a preamble.
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15.8.3 SCI Control Register 3 (SCC3)

SCI control register 3 does the following:

General Release Specification
I/O Registers

* Stores the ninth SCI data bit received and the ninth SCI data bit to
be transmitted

* Enables SCI receiver full (SCRF) DMA service requests

* Enables SCI transmitter empty (SCTE) DMA service requests

» Enables the following interrupts:
— Receiver overrun interrupts
— Noise error interrupts

— Framing error interrupts

— Parity error interrupts

sce3 Read:

$0015 Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit O
R8
T8 DMARE | DMATE | ORIE NEIE FEIE PEIE
U U 0 0 0 0 0 0

= Unimplemented

Figure 15-8. SCI Control Register 3 (SCC3)

R8 — Received Bit 8

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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DMARE — DMA Receive Enable Bit

This read/write bit enables the DMA to service SCI receiver DMA

service requests generated by the SCRF bit. (See 14.7.4.) Setting the

DMARE bit disables SCI receiver CPU interrupt requests. Reset
clears the DMARE bit.

1 = DMA enabled to service SCI receiver DMA service requests
generated by the SCRF bit

(SCl receiver CPU interrupt requests disabled)

0 = DMA not enabled to service SCI receiver DMA service requests
generated by the SCRF bit

(SCI receiver CPU interrupt requests enabled)
DMATE — DMA Transfer Enable Bit

This read/write bit enables SCI transmitter empty (SCTE) DMA
service requests. (See 15.8.4 SCI Status Register 1 (SCS1) .)

Setting the DMATE bit disables SCTE CPU interrupt requests. Reset
clears DMATE.

1 = SCTE DMA service requests enabled (SCTE CPU interrupt
requests disabled)

0 = SCTE DMA service requests disabled (SCTE CPU interrupt
requests enabled)

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 = SClI 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
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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. (See 13.7.4.) Reset clears PEIE.
1 = SCI error CPU interrupt requests from PE bit enabled
0 = SCI error CPU interrupt requests from PE bit disabled

15.8.4 SCI Status Register 1 (SCS1)
SCI status register 1 contains flags to signal the following conditions:

» Transfer of SCDR data to transmit shift register complete
* Transmission complete

» Transfer of receive shift register data to SCDR complete
* Receiver input idle

* Receiver overrun

* Noisy data

* Framing error

o Parity error

Bit 7 6 5 4 3 2 1 Bit 0
scsi Read:| SCTE TC SCRF IDLE OR NF FE PE
$0016 Write:

Reset: 1 1 0 0 0 0 0 0
= Unimplemented

Figure 15-9. 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 or an SCI transmitter DMA service
request. When the SCTIE bit in SCC2 is set and the DMATE bit in
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NOTE:

SCC3 is clear, SCTE generates an SCI transmitter CPU interrupt
request. With both the SCTIE and DMATE bits set, SCTE generates
an SCI transmitter DMA service request. In normal operation, clear
the SCTE bit by reading SCS1 with SCTE set and then writing to
SCDR. In DMA transfers, the DMA automatically clears the SCTE bit
when it writes to the SCDR. Reset sets the SCTE bit.

1 = SCDR data transferred to transmit shift register

0 = SCDR data not transferred to transmit shift register

Setting the TE bit for the first time also sets the SCTE bit. When enabling
SCI transmitter DMA service requests, set the TE bit after setting the
DMATE bit. Otherwise setting the TE and SCTIE bits generates an SCI
transmitter CPU interrupt request instead of a DMA service request.

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. When the DMA services an SCI transmitter DMA service request,
the DMA clears the TC bit by writing to the SCDR. TC is automatically
cleared when data, preamble or break is queued and ready to be sent.
There may be up to 1.5 transmitter clocks of latency between
gueueing 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 or an SCI receiver DMA service
request. When the SCRIE bit in SCC2 is set and the DMARE bit in
SCC3 is clear, SCRF generates a CPU interrupt request. With both
the SCRIE and DMARE bits set, SCRF generates a DMA service
request. In normal operation, clear the SCRF bit by reading SCS1
with SCRF set and then reading the SCDR. In DMA transfers, the
DMA clears the SCRF bit when it reads the SCDR. Reset clears
SCRF.

1 = Received data available in SCDR

0 = Data not available in SCDR
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IDLE — Receiver Idle Bit

This clearable, read-only bit is set when 10 or 11 consecutive logic
ones appear on the receiver input. IDLE generates an SCI error CPU
interrupt request if the ILIE bit in SCC2 is also set and the DMARE bit
in SCC3 is clear. 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 SCRF 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
bitin SCC3is 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 15-10 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.
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NORMAL FLAG CLEARING SEQUENCE

0
1
0

— o -
1 1 n " 1 1
L L L L L L
o o o [a g [aq [aq
(@) (@) O O (&) (&)
(%] (%] (] wn wn wn
X BYTE 1 X BYTE 2 X BYTE 3 X BYTE 4 X
A A A
READ SCS1 READ SCS1 READ SCS1
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
1 " 11 1 "
& B & 31
3 35 35 3 3
X BYTE 1 X BYTE 2 X BYTE 3 X BYTE 4 X
A A
READ SCS1 READ SCS1
SCRF=1 SCRF=1
OR=0 OR=1
READ SCDR READ SCDR
(BYTE 1) (BYTE 3)

Figure 15-10. Flag Clearing Sequence

NF — Receiver Noise Flag Bit
This clearable, read-only bit is set when the SCI detects noise on the
PTE1/RxD pin. NF generates an NF CPU interrupt request if the NEIE
bit in SCC3 is 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 is accepted as the
stop bit. FE generates an SCI error CPU interrupt request if the FEIE
bit in 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
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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

15.8.5 SCI Status Register 2 (SCS2)

SCI status register 2 contains flags to signal the following conditions:

* Break character detected

* Incoming data

Bit 7 6 5 4 3 2 1 Bit 0
scsy Read: BKF RPF
$0017 Write:

Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 15-11. 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 PTE1/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 or a DMA
service request. Clear BKF by reading SCS2 with BKF set and then
reading the SCDR. Once cleared, BKF can become set again only
after logic ones again appear on the PTE1/RxD pin followed by
another break character. Reset clears the BKF bit.

1 = Break character detected

0 = No break character detected
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RPF —Reception in Progress Flag Bit

This read-only bit is set when the receiver detects a logic zero 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

15.8.6 SCI Data Register (SCDR)

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.

Bit 7 6 5 4 3 2 1 Bit 0

SCDR Read: R7 R6 R5 R4 R3 R2 R1 RO

$0018  \yrite: | 77 T6 T5 T4 T3 T2 T1 70
Reset: Unaffected by reset

Figure 15-12. SCI Data Register (SCDR)

R7/T7-R0/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-T0. Reset has no effect on the SCI data register.
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15.8.7 SCI Baud Rate Register (SCBR)

The baud rate register selects the baud rate for both the receiver and the
transmitter.

Bit 7 6 5 4 3 2 1 Bit 0
scpr Read:
$0019  \yrite: SCP1 SCPO SCR2 SCR1 SCRO
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 15-13. SCI Baud Rate Register (SCBR)

SCP1 and SCP0 — SCI Baud Rate Prescaler Bits

These read/write bits select the baud rate prescaler divisor as shown
in Table 15-8. Reset clears SCP1 and SCPO.

Table 15-8. SCI Baud Rate Prescaling

SCP1:.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 15-9. Reset clears SCR2-SCRO.

Table 15-9. SCI| Baud Rate Selection

SCR2:1:0 Baud Rate Divisor (BD)

000 1

001 2

010 4

011 8

100 16

101 32

110 64

111 128
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Use the following formula to calculate the SCI baud rate:

1:XCLK

Baud rate = 62 %<PD XBD

where:

fycLk = crystal frequency
PD = prescaler divisor
BD = baud rate divisor

Table 15-10 shows the SCI baud rates that can be generated with a
4.9152-MHz crystal.

Table 15-10. SCI Baud Rate Selection Examples

SCP1:0 PrescaI(I%rDl?ivisor SCR2:1:0 Baud R?Et,eD ;Divisor (fXCLKBSj?IQI}ngeMHz)
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
01 3 001 12,800
01 3 010 4 6400
01 3 011 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 9600
10 4 010 4 4800
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Table 15-10. SCI Baud Rate Selection Examples (Continued)

SCP1:0

Prescaler Divisor

SCR2:1:0

Baud Rate Divisor

Baud Rate

(PD) (BD) (fycik = 4.9152 MHz)

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 2954
11 13 010 4 1477
11 13 011 739
11 13 100 16 369
11 13 101 32 185
11 13 110 64 92

11 13 111 128 46
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16.2 Introduction

16.3 Features

This section describes the serial peripheral interface module, which
allows full-duplex, synchronous, serial communications with peripheral
devices.

Features of the SPI module include the following:

Full-Duplex Operation
Master and Slave Modes

Double-Buffered Operation With Separate Transmit and Receive
Registers

Four Master Mode Frequencies (Maximum = Bus Frequency + 2)
Maximum Slave Mode Frequency = Bus Frequency

Separate Clock Ground for Reduced Radio Frequency (RF)
Interference

Serial Clock with Programmable Polarity and Phase

Two Separately Enabled Interrupts with DMA or CPU Service:
— SPRF (SPI Receiver Full)
— SPTE (SPI Transmitter Empty)

Mode Fault Error Flag With CPU Interrupt Capability
Overflow Error Flag with CPU Interrupt Capability
Programmable Wired-OR Mode

1°C (Inter-Integrated Circuit) Compatibility
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16.4 Pin Name Conventions and I/0O Register Addresses

The text that follows describes the SPI I/O pin names — SS (slave
select), SPSCK (SPI serial clock), MOSI (master out slave in), and MISO
(master in slave out). The SPI shares three input/output (I/O) pins with
one parallel I/O port.

Refer to Table 16-1 for the 1/O register addresses

Table 16-1. I/O Register Addresses

Register Name Register Address
SPI Control Register (SPICR) $0010
SPI Status and Control Register (SPISCR) $0011
SPI Data Register (SPIDR) $0012

16.5 Functional Description

Figure 16-1 summarizes the SPI I/O registers and Figure 16-2 shows
the structure of the SPI module.

Register Name R/W Bit7 6 5 4 3 2 1 Bit 0
Read:
SPI Control Register (SPCR) SPRIE | DMAS |SPMSTR| CPOL | CPHA |SPWOM| SPE SPTIE
Write:
Reset: 0 0 1 0 0 0 0 0
Read:| SPRF OVRF | MODF | SPTE
SPI Status and Control Register (SPSCR) ERRIE MODFEN| SPR1 | SPRO
Write:
Reset: 0 0 0 0 1 0 0 0
Read:| R7 R6 R5 R4 R3 R2 R1 RO
SPI Data Register (SPDR)
Write:|  T7 T6 T5 T4 T3 T2 T1 T0
Reset: Unaffected by reset

Figure 16-1. SPI 1/0O Register Summary
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INTERNAL BUS
TRANSMIT DATA REGISTER
N
SHIFT REGISTER
BUS CLOCK | |
i <« 7|6|s|afa]2]1]0] - < MISO
2
N A <> MOSI
cLock 8 RECEIVE DATA REGISTER
DIVIDER
2 L PIN
CONTROL
128 LOGIC
1 A YYVY o
CLOCK >
[seustr| spe || seiEcr - SPSCK
CLOCK > M
I I LOGIC |o s
[ seri | spro | >~ s
b 4A T11
[ |
[ spmstr | cpra | crov |
y
- TRANSMITTER DMA SERVICE REQUEST - vooren] [sewow |
TRANSMITTER CPU INTERRUPT REQUEST - ERRIE
COI?'ll?Il?OL < SPTIE
B RECEIVER DMA SERVICE REQUEST
- - SPRIE
__ RECEVEREERROR CPU INTERRUPT REQUEST —
SPE

|—> SPRF

SPTE
OVRF
MODF

Figure 16-2. SPI Module Block Diagram
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16.5.1 Master Mode

NOTE:

NOTE:

General Release Specification
Functional Description

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 SPIinterrupts can be serviced by the CPU, and the transmitter
empty (SPTE) and receiver full (SPRF) flags can also be configured for
DMA service.

DMA section and associated functions are only valid if the MCU has a
DMA module.

During DMA transmissions, the DMA fetches data from memory for the
SPI to transmit and/or the DMA stores received data in memory.

The following paragraphs describe the operation of the SPI module.

The SPI operates in master mode when the SPI master bit, SPMSTR, 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 16.14.1 SPI Control
Register (SPCR) .)

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. The byte
begins shifting out on the MOSI pin under the control of the serial clock.
(See Figure 16-3.)

The SPR1 and SPRO bits control the baud rate generator and determine
the speed of the shift register. (See 16.14.2 SPI Status and Control
Register (SPSCR) .) Through the SPSCK pin, the baud rate generator
of the master also controls the shift register of the slave peripheral.
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MASTER MCU

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, 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.

When the DMAS bit is set, a read of the SPI data register by the CPU or
by the DMA clears the SPRF bit. Regardless of the state of the DMAS
bit, a write to the SPI data register by the CPU or by the DMA clears the
SPTE bit.

SLAVE MCU

MISO MISO

SHIFT REGISTER -
A
MOSI MOSI

SHIFT REGISTER
A

Y

SPSCK SPSCK

®

BAUD RATE
GENERATOR

Figure 16-3. Full-Duplex Master-Slave Connections
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16.5.2 Slave Mode

The SPI operates in slave mode when the SPMSTR bit 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 zero. SS must remain low until the transmission is
complete. (See 16.7.2 Mode Fault Error .)

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 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.

A slave SPI must complete the write to the data register at least one bus
cycle before the master SPI starts a transmission. When the clock phase
bit (CPHA) is set, the first edge of SPSCK starts a transmission. When
CPHA is clear, the falling edge of SS starts a transmission. (See

16.6 Transmission Formats .)

If the write to the data register is late, the SPI transmits the data already
in the shift register from the previous transmission.

NOTE: SPSCK must be in the proper idle state before the slave is enabled to
prevent SPSCK from appearing as a clock edge.
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16.6 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 optionally be used to
indicate a multiple-master bus contention.

16.6.1 Clock Phase and Polarity Controls

NOTE:

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 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, disable the SPI by
clearing the SPI enable bit (SPE).

16.6.2 Transmission Format When CPHA =0

Figure 16-4 shows an SPI transmission in which CPHA is logic zero.
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
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its MISO output only when its slave select input (SS) is at logic zero, 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 I/O not
affecting the SPI. (See 16.7.2 Mode Fault Error .) 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 between each byte transmitted.

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL = 0) /I \ \ \
—

SCK (CPOL =1) / / /
|

(FROMMASTER) \ wse X wre X Brs X mra X B73 X m72 X BT1 X 1s8 )

1 S O U O P

(FROMSL'\AI\?S_( MSB X Bte X w75 X sr4 X m73 X Br2 X Br1 ) Lss
|

1 2 3

\ \ \ \ | S
/ / / / [

AL
AL
AL
AL
AL
AL
AL

|
e LT LTI LTI T L

CAPTURE STROBE * * * * * * * *

Figure 16-4. Transmission Format (CPHA = 0)

MISO/MOSI { BYTE 1 { BYTE 2 { BYTE 3

\
MASTERSS | \
2% A A —

r

SLAVE SS
(CPHA=1) _\

Figure 16-5. CPHA/ SS Timing
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16.6.3 Transmission Format When CPHA =1

Figure 16-6 shows an SPI transmission in which CPHA is logic one. 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 (SS) is at logic zero, 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 16.7.2 Mode Fault Error .) 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.
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SCK CYCLE #

(FOR REFERENCE) 1 2 3 4 3 6 7 8

/‘\JIIIII‘\_/

shzizizi kL)

X MSB BIT BIT5 x

X

|||| .
‘XLSB)-
|

X

(FROMSL,\Q\I\?S_( MSB x BIT6 x BITS x
\ L
I

SS (TO SLAVE) _\ ‘ ‘ ‘ /‘_

CAPTURE STROBE T T T T T T T T

Figure 16-6. Transmission Format (CPHA = 1)

SCK (CPOL = 0)

SCK (CPOL =1)
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(FROM MASTER)

X X X
X X X
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16.6.4 Transmission Initiation Latency

When the SPI is configured as a master (SPMSTR = 1), transmissions
are started by a software write to the SPDR. 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 16-7 .)
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 are set to conserve power. SCK edges occur halfway 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 16-7 . 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
coc \_ [\ WSS
MOSI MSB X BIT6 X BITS x:
SCK
(CPHA = 1)
SCK
(CPHA=0) /_\_/_\_/_
SCK CYCLE
NUMBER | 1 | 2 [ 3
/NITIATION DELAY FROM WRITE SPDR TO TRANSFER BEGIN
WRITE
TOSPDR
YAYAVAYAVAVAVAWAWAWAN
CLOCK
| * * (SCK = INTERNAL CLOCK + 2:
EARLIEST LATEST 5 pOSSIBLE START POINTS)
WRITE ‘
TOSPDR

AAWAVAWAWAWAWAWAWAWAWAE
T S SRS S S SR B

EARLIEST (SCK = INTERNAL CLOCK + 8; LATEST
WRITE ‘ 8 POSSIBLE START POINTS)

TO SPDR

AV A U AW aWaWal
ToT P

EARLIEST (SCK = INTERNAL CLOCK + 32; LATEST

WRITE ‘ 32 POSSIBLE START POINTS)

TO SPDR

ATV A N AV aWaWaWal
R P

EARLIEST (SCK = INTERNAL CLOCK + 128; LATEST
128 POSSIBLE START POINTS)

Figure 16-7. Transmission Start Delay (Master)
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16.7 Error Conditions

16.7.1 Overflow Error

The following flags signal SPI error conditions:

* Overflow (OVRF) — Failing to read the SPI data register before
the next byte enters the shift register sets the OVRF 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.

* Mode fault error (MODF) — 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) 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 16-4 and
Figure 16-6 .) 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) is also set. When the DMAS bit is low, the
SPRF, MODF, and OVREF interrupts share the same CPU interrupt
vector. When the DMAS bit is high, SPRF generates a receiver DMA
service request, and MODF and OVRF can generate a receiver/error
CPU interrupt request. (See Figure 16-11 .) It is 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.

When the DMA is enabled to service the SPRF flag, it clears SPRF when
it reads the SPI data register. The OVRF flag, however, still requires the
two-step clearing mechanism of reading the flag when it is set and then
reading the SPI data register. In this way, the DMA cannot directly clear
the OVRF. However, if the CPU reads the SPI status and control register
with the OVRF bit set, and then the DMA reads the SPI data register, the
OVREF bit is cleared.
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Conversely, if the CPU reads the data register to clear the OVRF flag, it
could clear a pending SPRF service request to the DMA. Even if the
DMA clears an SPRF, no new data will be transferred from the shift
register to the data register with the OVRF high. This means that no new
SPREF interrupts will be generated until this OVRF is cleared. For this
reason, the OVRF interrupt to the CPU should be enabled when using
the DMA to service the SPRF if there is any chance that the overflow
condition might occur. (See Figure 16-8 .)

The overflow service routine may need to disable the DMA and manually
recover since an overflow indicates the loss of data. Loss of data may
prevent the DMA from reaching its byte count.

If an end-of-block transmission interrupt from the DMA 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 16-9 shows how it is possible to
miss an overflow.

BYTE 1 BYTE 2 BYTE3 BYTE 4 BYTE5
SPI RECEIVE
i A C l© @ |® |
SPRF TO CPU [ / \
OVRF TO DMA /
READ OF SPDR [~ \ [~ \
BY DMA @ ®
(1) BYTE 1 TRANSFERS FROM SHIFT (4) BYTE 3 CAUSES OVERFLOW. BYTE 31S LOST.
REGISTER TO DATA REGISTER,
SETTING SPRF BIT. (5) DMA READS BYTE 2, CLEARING SPRF BIT.

(2) DMAREADS BYTE 1, CLEARING SPRF BIT. (6) BYTE 41SLOST. NO NEW SPRF DMA SERVICE
REQUESTS AND NO TRANSFERS TO DATA

BYTE 2 TRANSFERS FROM SHIFT
@ REGISTER TO DATA REGISTER, REGISTER UNTIL OVRF IS CLEARED.

SETTING SPRF BIT.

Figure 16-8. Overflow Condition with DMA Service of SPRF

MC68HC708AS48 — Rev. 2.0

MOTOROLA Serial Peripheral Interface (SPI) 213



General Release Specification Error Conditions

BYTE 1 BYTE 2 BYTE 3 BYTE 4

OVRF

l@ l@ l@ l

/

READ SPSCR

[\@ @

READ SPDR

ne No

® © OO

CPU READS BYTE 1 IN SPDR,
CLEARING SPRF BIT.

BYTE 2 SETS SPRF BIT.

BYTE 1 SETS SPRF BIT. CPU READS SPSCRW WITH SPRF BIT SET
CPU READS SPSCR WITH SPRF BIT SET AND QVRF BIT CLEAR.
AND OVRF BIT CLEAR. BYTE 3 SETS OVRF BIT. BYTE 3 IS LOST.

CPU READS BYTE 2 IN SPDR, CLEARING SPRF BIT,
BUT NOT OVRF BIT.

BYTE 4 FAILS TO SET SPRF BIT BECAUSE
OVRF BIT IS SET. BYTE 4 IS LOST.

® Q@ ©

Figure 16-9. Missed Read of Overflow Condition

The first part of Figure 16-9 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 easily be 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 following 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 16-10 illustrates this
process. Generally, to avoid this second SPSCR read, enable the OVRF
to the CPU by setting the ERRIE bit.
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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 /_\@ /_\ /_\ /_\®
(1) BYTE1SETSSPRFBIT. CPU READS BYTE 2 IN SPDR,
CLEARING SPRF BIT.
CPU READS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. (9) CPUREADS SPSCR AGAIN
CPU READS BYTE 1 IN SPDR, TO CHECK OVRF BIT.
CLEARING SPRF BIT. CPU READS BYTE 2 SPDR,
CPU READS SPSCR AGAIN CLEARING OVRF BIT.
TO CHECK OVRFBIT. (1D BYTE 4 SETS SPRF BIT.
(5) BYTE 2 SETS SPRFBIT. (D) CPUREADS SPSCR.
WEEFBTTE © gymnes
(7) BYTE 3 SETS OVRF BIT. BYTE 31S LOST. ({@) CPUREADS SPSCR AGAIN
TO CHECK OVRF BIT.

Figure 16-10. Clearing SPRF When OVRF Interrupt Is Not Enabled

16.7.2 Mode Fault Error

For the MODF flag to be set, the mode fault error enable bit (MODFEN)
must be set. Clearing the MODFEN bit does not clear the MODF flag but
does prevent MODF from being set again after MODF is cleared.

MODF generates a receiver/error CPU interrupt request if the error
interrupt enable bit (ERRIE) is also set. When the DMAS bit is low, the
SPRF, MODF, and OVREF interrupts share the same CPU interrupt
vector. When the DMAS bit is high, SPRF generates a receiver DMA
service request instead of a CPU interrupt request, but MODF and
OVREF can generate a receiver/error CPU interrupt request. (See Figure
16-11.) It is 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 mode fault enable bit (MODFEN) set, the mode
fault flag (MODF) is set if SS goes to logic zero. 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 bit is set.
 The SPI state counter is cleared.

» The data direction register of the shared 1/0O 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 does not clear the SPMSTR bit. Reading
SPMSTR when MODF = 1 will indicate a MODE fault error occurred in
either master 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 goes back to its
idle level following the shift of the eighth data bit. When CPHA =1, the
transmission begins when the SPSCK leaves its idle level and SS is
already low. The transmission continues until the SPSCK returns to its
IDLE level following the shift of the last data bit. (See

16.6 Transmission Formats .)

NOTE: When CPHA = 0, a MODF occurs if a slave is selected (SS is at logic 0)
and later unselected (SS is at logic 1) even if no SPSCK is sent to that
slave. This happens because SS at logic 0 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 unselected with
no transmission occurring. Therefore, MODF does not occur since a
transmission was never begun.
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Interrupts

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
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.

A logic one voltage on the SS pin of a slave SPI puts the MISO pin in a
high impedance state. Also, the slave SPI ignores all incoming SPSCK
clocks, even if it was already in the middle of a transmission.

To clear the MODF flag, read the SPSCR and then write to the SPCR
register. This entire clearing mechanism 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
or DMA service requests:

Table 16-2. SPI Interrupts

Flag Request
SPI Transmitter CPU Interrupt Request (DMAS = 0,
SPTE _
(Transmitter SPTIE = 1)
Empty) SPI Transmitter DMA Service Request (DMAS =1,
Py SPTIE = 1)
SPI Receiver CPU Interrupt Request (DMAS = 0,
SPRF _
(Receiver SPRIE = 1) .
Full) SPI Receiver DMA Service Request (DMAS =1,
SPRIE =1)
OVRF SPI Receiver/Error Interrupt Request (SPRIE = 1,
(Overflow) ERRIE =1)
MODF SPI Receiver/Error Interrupt Request (SPRIE =1,
(Mode Fault) ERRIE = 1, MODFEN = 1)

The DMA select bit (DMAS) controls whether SPTE and SPRF generate
CPU interrupt requests or DMA service requests. When DMAS = 0,
reading the SPI status and control register with SPRF set and then
reading the SPI data register clears SPRF. When DMAS =1, any read
of the SPI data register clears the SPRF flag. The clearing mechanism
for the SPTE flag is always just a write to the data register.
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The SPI transmitter interrupt enable bit (SPTIE) enables the SPTE flag
to generate transmitter CPU interrupt requests or transmitter DMA
service requests.

The SPI receiver interrupt enable bit (SPRIE) enables the SPRF bit to
generate receiver CPU interrupt requests or receiver DMA service
requests, 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.

DMAS *

ERRIE

N\ SPI TRANSMITTER _
/] DMA SERVICE REQUEST o
| —

| spre | sprE | spe |
| N\ SPI TRANSMITTER .
/] CPUINTERRUPT REQUEST
_\ SPI RECEIVER _
| ] DMA SERVICE REQUEST o

) | sPRE | sprr |
I_—\
|/ SPI RECEIVER/ERROR

Y

CPU INTERRUPT REQUEST

MODF

OVRF

>

Figure 16-11. SPI Interrupt Request Generation
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The following sources in the SPI status and control register can generate
CPU interrupt requests or DMA service requests:

» SPI receiver 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 either an SPI receiver/error CPU interrupt
request or an SPRF DMA service request.

If the DMA select bit, DMAS, is clear, SPRF generates an SPRF
CPU interrupt request. If DMAS is set, SPRF generates an SPRF
DMA service request.

* SPItransmitter 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 either an SPTE CPU interrupt request or an
SPTE DMA service request.

If the DMAS bit is clear, SPTE generates an SPTE CPU interrupt
request. If DMAS is set, SPTE generates an SPTE DMA service
request.

16.9 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) 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 16-12 shows the timing
associated with doing back-to-back transmissions with the SP1 (SPSCK
has CPHA: CPOL = 1.0).
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wrmeTosPorR D/ \ @/_\ /_\
SPTE @ ®
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SPRF O/ @/—\_
READ SPSCR ®f\ @/ \

READ SPDR @\ @/_\_

(1) CPUWRITES BYTE 17O SPDR, CLEARING (7) CPUREADS SPDR, CLEARING SPRF BIT.

SPTE BIT.
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(2) BYTE 1 TRANSFERS FROM TRANSMIT DATA BYTE 3 AND CLEARING SPTE BIT.
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REGISTER TO SHIFT REGISTER, SETTING SPTE BIT. @ CPU READS SPDR, CLEARING SPRF BIT.

(6) CPU READS SPSCR WITH SPRF BIT SET.

Figure 16-12. 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.
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Any system reset completely resets the SPI. Partial resets occur
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/O.

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 SPRO0)

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 set all control bits again when
SPE is set back 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 0 to the SPE bit. The SPI can also 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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16.11 Low-Power Modes

16.11.1 Wait Mode

16.11.2 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.

The DMA can service DMA service requests generated by the SPTE and
SPREF flags without exiting wait mode. 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
16.8 Interrupts .)

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.

16.12 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) enables software to clear
status bits during the break state. (See 7.8.3 SIM Break Flag Control
Register (SBFCR) .)
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To allow software to clear status bits during a break interrupt, write a
logic one 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 zero to the
BCFE bit. With BCFE at logic zero (its default state), software can read
and write 1/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 zero. 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/0O pins and shares three of them with a
parallel /O port.

* MISO — Data received

* MOSI — Data transmitted

» SPSCK — Serial clock

+ SS — Slave select

* Vgg— Clock ground
The SPI has limited inter-integrated circuit (1°C) capability (requiring
software support) as a master in a single-master environment. To
communicate with [2C peripherals, MOSI becomes an open-drain output
when the SPWOM bit in the SPI control register is set. In I°C
communication, the MOSI and MISO pins are connected to a

bidirectional pin from the 12C peripheral and through a pullup resistor
to Vpp-
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16.13.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmits 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 zero and its SS pin is at logic zero. To support a
multiple-slave system, a logic one 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 1/0O
port.

16.13.2 MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmits 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 1/0O
port.

16.13.3 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 is 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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16.13.4 SS (Slave Select)

MISO/MOSI

MASTER SS

SLAVE SS
(CPHA =0)

SLAVE SS
(CPHA=1)

NOTE:

The SS pin has various functions depending on the current state of the
SPI. For an SPI configured as a slave, the SS is used to select a slave.
For CPHA = 0, the SS is used to define the start of a transmission. (See
16.6 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 16-13 .

BYTE 1 f BYTE 2 f BYTE 3

5L

I
.
A N\ [
r

Figure 16-13. 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

16.14.2 SPI Status and Control Register (SPSCR) .)

A logic one 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 it was already in the middle of a transmission.

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 16.7.2 Mode Fault Error .) 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 I/0 under the control of the data direction
register of the shared I/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 16-3.)

Table 16-3. 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

16.13.5 Vgg (Clock Ground)

Vgg is 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.

16.14 1/0 Regqisters
Three registers control and monitor SPI operation:

* SPI control register (SPCR)
» SPI status and control register (SPSCR)
» SPIl data register (SPDR)
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16.14.1 SPI Control Register (SPCR)
The SPI control register does the following:

» Enables SPI module interrupt requests

» Selects CPU interrupt requests or DMA service 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

Bit 7 6 5 4 3 2 1 Bit 0
SPCR Read:
SPRIE DMAS |SPMSTR| CPOL CPHA | SPWOM SPE SPTIE
$0010 Write:
Reset: 0 0 1 0 1 0 0 0

Figure 16-14. SPI Control Register (SPCR)

SPRIE — SPI Receiver Interrupt Enable Bit

This read/write bit enables CPU interrupt requests or DMA service
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 or SPRF DMA service requests
enabled
0 = SPRF CPU interrupt requests or SPRF DMA service requests
disabled
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DMAS —DMA Select Bit

This read/write bit selects DMA service requests when the SPI
receiver full bit, SPRF, or the SPI transmitter empty bit, SPTE,
becomes set. Setting the DMAS bit disables SPRF CPU interrupt
requests and SPTE CPU interrupt requests. Reset clears the DMAS
bit.
1 = SPRF DMA and SPTE DMA service requests enabled
(SPRF CPU and SPTE CPU interrupt requests disabled)
0 = SPRF DMA and SPTE DMA service requests disabled
(SPRF CPU and SPTE CPU interrupt requests enabled)

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

CPOL — Clock Polarity Bit

This read/write bit determines the logic state of the SPSCK pin
between transmissions. (See Figure 16-4 and Figure 16-6.) 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 16-4 and Figure 16-6.) 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 one between bytes. (See Figure 16-13 .)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.
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When CPHA =1 for a slave, the first edge of the SPSCK indicates the
beginning of the transmission. The same applies when SS is 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 16.7.2 Mode Fault Error .) A logic one on

the SS pin does not in any way affect the state of the SPI state
machine.

SPWOM — SPI Wired-OR Mode Bit

This read/write bit disables the pull-up 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

This read/write bit enables the SPI module. Clearing SPE causes a

partial reset of the SPI. (See 16.10 Resetting the SPI .) Reset clears
the SPE bit.

1 = SPI module enabled
0 = SPI module disabled

SPTIE— SPI Transmit Interrupt Enable

This read/write bit enables CPU interrupt requests or DMA service
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 or SPTE DMA service requests
enabled

0 = SPTE CPU interrupt requests or SPTE DMA service requests
disabled
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16.14.2 SPI Status and Control Register (SPSCR)

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)

Transmit data register empty

The SPI status and control register also contains bits that perform the
following functions:

SPSCR
$0011

Enable error interrupts
Enable mode fault error detection

Select master SPI baud rate

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
= Unimplemented

Figure 16-15. 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 or a DMA service request if the SPRIE bit in the SPI
control register is set also.

The DMA select bit (DMAS) in the SPI control register determines
whether SPRF generates an SPRF CPU interrupt request or an
SPRF DMA service request. During an SPRF CPU interrupt
(DMAS = 0), the CPU clears SPRF by reading the SPI status and
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control register with SPRF set and then reading the SPI data register.
During an SPRF DMA transmission (DMAS = 1), 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

NOTE: When the DMA is configured to service the SPI (DMAS = 1), a read by
the CPU of the SPI data register can inadvertently clear the SPRF bit
and cause the DMA to miss a service request.

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

MODF — Mode Fault Bit

This clearable, ready-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
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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 or an SPTE DMA service 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.

The DMA select bit (DMAS) in the SPI control register determines
whether SPTE generates an SPTE CPU interrupt request or an
SPTE DMA service request. During an SPTE CPU interrupt
(DMAS = 0), the CPU clears the SPTE bit by writing to the SPI data
register. During an SPTE DMA transmission (DMAS = 1), the DMA
automatically clears SPTE when it writes to the SPI data register.

When the DMA is configured to service the SPI (DMAS = 1), a write by
the CPU of the SPI data register can inadvertently clear the SPTE bit
and cause the DMA to miss a service request.

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 1/O.
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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 I/O regardless of the value of
MODFEN. (See 16.13.4 SS (Slave Select) .)

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 16.7.2 Mode Fault Error .)

SPR1 and SPRO — SPI Baud Rate Select Bits

In master mode, these read/write bits select one of four baud rates as
shown in Table 16-4. SPR1 and SPRO have no effect in slave mode.
Reset clears SPR1 and SPRO.

Table 16-4. SPI Master Baud Rate Selection

SPR1:SPRO Baud Rate Divisor (BD)
00 2
01 8
10 32
11 128

Use the following formula to calculate the SPI baud rate:

CGMOUT

Baud rate = >xBD

where:

CGMOUT = base clock output of the clock generator module (CGM)
BD = baud rate divisor
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16.14.3 SPI Data Register (SPDR)

NOTE:

The SPI data register is the read/write buffer for the receive data register
and the transmit data register. Writing to the SPI1 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 16-2 .

Bit 7 6 5 4 3 2 1 Bit 0

sppr Read: R7 R6 R5 R4 R3 R2 R1 RO
$0012

Write: | T7 T6 T5 T4 T3 T2 T1 TO

Reset: Indeterminate after reset

Figure 16-16. SPI Data Register (SPDR)

R7:R0O/T7:TO — Receive/Transmit Data Bits

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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17.2 Introduction

17.3 Features

NOTE:

This section describes the timer interface module (TIM6). The TIM is a
six-channel timer that provides a timing reference with input capture,
output compare, and pulse-width-modulation functions. Figure 17-1 is a
block diagram of the TIM.

Features of the TIM include the following:

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 TIM Clock Input
— Seven-Frequency Internal Bus Clock Prescaler Selection
— External TIM Clock Input (4-MHz Maximum Frequency)

Free-Running or Modulo Up-Count Operation
Toggle Any Channel Pin on Overflow

TIM Counter Stop and Reset Bits

DMA Service Request Generation

Modular Architecture Expandable to Eight Channels

DMA section and associated functions are only valid if the MCU has a
DMA module.
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17.4 Functional Description

Figure 17-1 shows the structure of the TIM. The central component of
the TIM is the 16-bit TIM counter that can operate as a free-running
counter or a modulo up-counter. The TIM counter provides the timing
reference for the input capture and output compare functions. The TIM
counter modulo registers, TMODH:TMODL, control the modulo value of
the TIM counter. Software can read the TIM counter value at any time
without affecting the counting sequence.

The six TIM channels are programmable independently as input capture
or output compare channels.

17.4.1 TIM Counter Prescaler

17.4.2 Input Capture

The TIM clock source can be one of the seven prescaler outputs or the
TIM clock pin, PTD6/ATD14/TCLK. The prescaler generates seven
clock rates from the internal bus clock. The prescaler select bits, PS[2:0],
in the TIM status and control register select the TIM clock source.

With the input capture function, the TIM can capture the time at which an
external event occurs. When an active edge occurs on the pin of an input
capture channel, the TIM latches the contents of the TIM counter into the
TIM channel registers, TCHxH:TCHXxL. The polarity of the active edge is
programmable. Input captures can generate TIM CPU interrupt requests
or TIM DMA service requests.
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Figure 17-1. TIM Block Diagram
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Table 17-1. TIM I/O Register Summary

Bit 7 6 5 4 3 2 1 Bit0 Addr.

TIM Status/Control Register (TSC)| TOF TOIE | TSTOP | TRST 0 PS2 PS1 PSO  |$0020

TIM DMA Select Register (TDMA 0 0 DMASS | DMA4S | DMA3S | DMA2S | DMALS | DMAOS |$0021

TIM Counter Register High (TCNTH)| Bit 15 14 13 12 11 10 9 Bit8 [$0022

TIM Counter Register Low (TCNTL)| Bit7 6 5 4 3 2 1 Bit0 [$0023

TIM Counter Modulo Reg. High (TMODH)| Bit 15 14 13 12 11 10 9 Bit8 |$0024
TIM Counter Modulo Reg. Low (TMODL)| Bit 7 6 5 4 3 2 1 Bit0 [$0025

TIM Ch. 0 Status/Control Register (TSC0)| CHOF | CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO | CHOMAX [$0026

TIM Ch. 0 Register High (TCHOH)| Bit 15 14 13 12 11 10 9 Bit8 |$0027

TIM Ch. 0 Register Low (TCHOL)| Bit 7 6 5 4 3 2 1 Bit0 [$0028

TIM Ch. 1 Status/Control Register (TSC1)| CH1F | CHI1IE 0 MS1A | ELS1B | ELS1A | TOV1 | CHIMAX|$0029

TIM Ch. 1 Register High (TCH1H)| Bit 15 14 13 12 11 10 9 Bit8 |$002A

TIM Ch. 1 Register Low (TCH1L)| Bit7 6 5 4 3 2 1 Bit0 |$002B

TIM Ch. 2 Status/Control Register (TSC2)| CH2F | CH2IE | MS2B | MS2A | ELS2B | ELS2A | TOV2 | CH2MAX [$002C

TIM Ch. 2 Register High (TCH2H)| Bit 15 14 13 12 11 10 9 Bit8 |$002D

TIM Ch. 2 Register Low (TCH2L)| Bit 7 6 5 4 3 2 1 Bit0 [$002E

TIM Ch. 3 Status/Control Register (TSC3)| CH3F | CH3IE 0 MS3A | ELS3B | ELS3A | TOV3 | CH3MAX |$002F

TIM Ch. 3 Register High (TCH3H)| Bit 15 14 13 12 11 10 9 Bit8 [$0030

TIM Ch. 3 Register Low (TCH3L)| Bit 7 6 5 4 3 2 1 Bit0 [$0031

TIM Ch. 4 Status/Control Register (TSC4)| CH4F | CH4IE | MS4B | MS4A | ELS4B | ELS4A | TOV4 | CHAMAX [$0032

TIM Ch. 4 Register High (TCH4H)| Bit 15 14 13 12 11 10 9 Bit8 [$0033

TIM Ch. 4 Register Low (TCH4L)| Bit7 6 5 4 3 2 1 Bit0 |$0034

TIM Ch. 5 Status/Control Register (TSC5)| CH5F | CH5IE 0 MS5A | ELS5B | ELS5A | TOV5 | CHSMAX |$0035

TIM Ch. 5 Register High (TCH5H)| Bit 15 14 13 12 11 10 9 Bit8 [$0036

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

TIM Ch. 5 Register Low (TCH5L)| Bit 7 6 5 4 3 2 1 Bit0 |$0037
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17.4.3 Output Compare

With the output compare function, the TIM 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 TIM can set, clear, or toggle the channel pin. Output compares can
generate TIM CPU interrupt requests or TIM DMA service requests.

Unbuffered Output Compare

Any output compare channel can generate unbuffered output
compare pulses as described in 17.4.3 Output Compare . The
pulses are unbuffered because changing the output compare value
requires writing the new value over the old value currently in the TIM
channel registers.

An unsynchronized write to the TIM 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 TIM overflow interrupt routine to write a new, smaller
output compare value may cause the compare to be missed. The TIM
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 channel
x TIM overflow interrupts and write the new value in the TIM
overflow interrupt routine. The TIM 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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Buffered Output Compare

MC68HC708AS48 — Rev. 2.0

Channels 0 and 1 can be linked to form a buffered output compare
channel whose output appears on the PTE2/TCHO pin. The TIM
channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIM channel O status and control register
(TSCO) links channel 0 and channel 1. The output compare value in
the TIM channel O registers initially controls the output on the
PTE2/TCHO pin. Writing to the TIM channel 1 registers enables the
TIM channel 1 registers to synchronously control the output after the
TIM overflows. At each subsequent overflow, the TIM channel
registers (0 or 1) that control the output are the ones written to last.
TSCO controls and monitors the buffered output compare function,
and TIM channel 1 status and control register (TSC1) is unused.
While the MSOB bit is set, the channel 1 pin, PTE2/TCHO, is available
as a general-purpose 1/O pin.

Channels 2 and 3 can be linked to form a buffered output compare
channel whose output appears on the PTFO/TCH2 pin. The TIM
channel registers of the linked pair alternately control the output.

Setting the MS2B bit in TIM channel 2 status and control register
(TSC2) links channel 2 and channel 3. The output compare value in
the TIM channel 2 registers initially controls the output on the
PTFO/TCH2 pin. Writing to the TIM channel 3 registers enables the
TIM channel 3 registers to synchronously control the output after the
TIM overflows. At each subsequent overflow, the TIM channel
registers (2 or 3) that control the output are the ones written to last.
TSC2 controls and monitors the buffered output compare function,
and TIM channel 3 status and control register (TSC3) is unused.
While the MS2B bit is set, the channel 3 pin, PTF1/TCHS3, 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/TCH4 pin. The TIM
channel registers of the linked pair alternately control the output.

Setting the MS4B bit in TIM channel 4 status and control register
(TSCA4) links channel 4 and channel 5. The output compare value in
the TIM channel 4 registers initially controls the output on the
PTF2/TCH4 pin. Writing to the TIM channel 5 registers enables the
TIM channel 5 registers to synchronously control the output after the
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NOTE:

TIM overflows. At each subsequent overflow, the TIM channel
registers (4 or 5) that control the output are the ones written to last.
TSC4 controls and monitors the buffered output compare function,
and TIM channel 5 status and control register (TSC5) is unused.
While the MS4B bit is set, the channel 5 pin, PTF3/TCHS5, is available
as a general-purpose 1/0 pin.

In buffered output compare operation, do not write new output compare
values to the currently active channel registers. Writing to the active
channel registers is the same as generating unbuffered output
compares.

17.4.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare
channel, the TIM can generate a PWM signal. The value in the TIM
counter modulo registers determines the period of the PWM signal. The
channel pin toggles when the counter reaches the value in the TIM
counter modulo registers. The time between overflows is the period of
the PWM signal.

As Figure 17-2 shows, the output compare value in the TIM channel
registers determines the pulse width of the PWM signal. The time
between overflow and output compare is the pulse width. Program the
TIM to clear the channel pin on output compare if the state of the PWM
pulse is logic one. Program the TIM to set the pin if the state of the PWM
pulse is logic zero.
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Figure 17-2. PWM Period and Pulse Width

The value in the TIM 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
$O0FF (255) to the TIM counter modulo registers produces a PWM
period of 256 times the internal bus clock period if the prescaler select
value is $000 (see 17.9.1 TIM Status and Control Register (TSC) ).

The value in the TIM 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 TIM channel registers produces
a duty cycle of 128/256 or 50%.

Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses
as described in 17.4.4 Pulse Width Modulation (PWM) . The pulses
are unbuffered because changing the pulse width requires writing the
new pulse width value over the old value currently in the TIM channel
registers.

An unsynchronized write to the TIM 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 TIM overflow
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NOTE:

interrupt routine to write a new, smaller pulse width value may cause
the compare to be missed. The TIM may pass the new value before it
is written.

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 channel x TIM
overflow interrupts and write the new value in the TIM overflow
interrupt routine. The TIM 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.

Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel
whose output appears on the PTE2/TCHO pin. The TIM channel
registers of the linked pair alternately control the pulse width of the
output.

Setting the MSOB bit in TIM channel O status and control register
(TSCO) links channel 0 and channel 1. The TIM channel O registers
initially control the pulse width on the PTE2/TCHO pin. Writing to the
TIM channel 1 registers enables the TIM channel 1 registers to
synchronously control the pulse width at the beginning of the next
PWM period. At each subsequent overflow, the TIM channel registers
(0 or 1) that control the pulse width are the ones written to last. TSCO
controls and monitors the buffered PWM function, and TIM channel 1
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status and control register (TSC1) is unused. While the MSOB bit is
set, the channel 1 pin, PTE3/TCHL1, is available as a general-purpose
I/0O pin.

Channels 2 and 3 can be linked to form a buffered PWM channel
whose output appears on the PTFO/TCH2 pin. The TIM channel
registers of the linked pair alternately control the pulse width of the
output.

Setting the MS2B bit in TIM channel 2 status and control register
(TSC2) links channel 2 and channel 3. The TIM channel 2 registers
initially control the pulse width on the PTFO/TCH2 pin. Writing to the
TIM channel 3 registers enables the TIM channel 3 registers to
synchronously control the pulse width at the beginning of the next
PWM period. At each subsequent overflow, the TIM channel registers
(2 or 3) that control the pulse width are the ones written to last. TSC2
controls and monitors the buffered PWM function, and TIM channel 3
status and control register (TSC3) is unused. While the MS2B bit is
set, the channel 3 pin, PTF1/TCH3, is available as a general-purpose
I/0O pin.

Channels 4 and 5 can be linked to form a buffered PWM channel
whose output appears on the PTF2/TCH4 pin. The TIM channel
registers of the linked pair alternately control the pulse width of the
output.

Setting the MS4B bit in TIM channel 4 status and control register
(TSCA4) links channel 4 and channel 5. The TIM channel 4 registers
initially control the pulse width on the PTF2/TCH4 pin. Writing to the
TIM channel 5 registers enables the TIM channel 5 registers to
synchronously control the pulse width at the beginning of the next
PWM period. At each subsequent overflow, the TIM channel registers
(4 or 5) that control the pulse width are the ones written to last. TSC4
controls and monitors the buffered PWM function, and TIM channel 5
status and control register (TSC5) is unused. While the MS4B bit is
set, the channel 5 pin, PTF3/TCHS5, is available as a general-purpose
I/O pin.

NOTE: In buffered PWM signal generation, do not write new pulse width values
to the currently active channel registers. Writing to the active channel
registers is the same as generating unbuffered PWM signals.
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NOTE:

PWM Initialization

To ensure correct operation when generating unbuffered or buffered
PWM signals, use the following initialization procedure:

1. Inthe TIM status and control register (TSC):

a. Stop the TIM counter by setting the TIM stop bit,
TSTOP.

b. Reset the TIM counter by setting the TIM reset bit,
TRST.

2. Inthe TIM counter modulo registers (TMODH:TMODL),
write the value for the required PWM period.

3. Inthe TIM channel x registers (TCHxH:TCHXxL), write the
value for the required pulse width.

4. In TIM channel x status and control register (TSCXx):

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 17-3.)

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 17-3.)

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 TIM status control register (TSC), clear the TIM stop
bit, TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIM channel 0 registers (TCHOH:TCHOL) initially
control the buffered PWM output. TIM status control register 0 (TSCRO)
controls and monitors the PWM signal from the linked channels. MSOB
takes priority over MSOA.
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Setting MS2B links channels 2 and 3 and configures them for buffered
PWM operation. The TIM channel 2 registers (TCH2H:TCHZ2L) initially
control the PWM output. TIM status control register 2 (TSCR2) 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 TIM channel 4 registers (TCH4H:TCHA4L) initially
control the PWM output. TIM status control register 4 (TSCR4) 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 TIM
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 clearing
the TOVX bit generates a 100% duty cycle output. (See 17.9.5 TIM
Channel Status and Control Registers (TSCO-TSC5) .)

17.5 Interrupts
The following TIM sources can generate interrupt requests:

» TIM overflow flag (TOF) — The TOF bit is set when the TIM
counter value rolls over to $0000 after matching the value in the
TIM counter modulo registers. The TIM overflow interrupt enable
bit, TOIE, enables TIM overflow CPU interrupt requests. TOF and
TOIE are in the TIM status and control register.

» TIM channel flags (CH5F-CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. Channel x
TIM CPU interrupt requests and TIM DMA service requests are
controlled by the channel x interrupt enable bit, CHXIE, and the
channel x DMA select bit, DMAXS. Channel x TIM CPU interrupt
requests are enabled when CHXIE:DMAXS = 1:0. Channel x
TIM DMA service requests are enabled when CHxIE:DMAXS =
1:1. CHxF and CHXIE are in the TIM channel x status and control
register. DMAXS is in the TIM DMA select register.
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17.6 Low-Power Modes

17.6.1 Wait Mode

17.6.2 Stop Mode

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

The TIM remains active after the execution of a WAIT instruction. In wait
mode the TIM registers are not accessible by the CPU. Any enabled
CPU interrupt request from the TIM can bring the MCU out of wait mode.

If TIM functions are not required during wait mode, reduce power
consumption by stopping the TIM before executing the WAIT instruction.

The DMA can service the TIM without exiting wait mode.

The TIM is inactive after the execution of a STOP instruction. The STOP
instruction does not affect register conditions or the state of the TIM
counter. TIM operation resumes when the MCU exits stop mode.

17.7 TIM During Break Interrupts

A break interrupt stops the TIM 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 7.8.3 SIM Break Flag Control
Register (SBFCR) .)

To allow software to clear status bits during a break interrupt, write a
logic one 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 zero to the
BCFE bit. With BCFE at logic zero (its default state), software can read
and write 1/O registers during the break state without affecting status
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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 zero. After the
break, doing the second step clears the status bit.

17.8 1/0 Signals

Port D shares one of its pins with the TIM. Port E shares two of its pins
with the TIM and Port F shares four of its pins with the TIM.
PTD6/ATD14/TCLK is an external clock input to the TIM prescaler. The
six TIM channel I/O pins are PTE2/TCHO, PTE3/TCH1, PTFO/TCH2,
PTF1/TCHS3, PTF2/TCH4, and PTF3/TCH5.

17.8.1 TIM Clock Pin (PTD6/ATD14/TCLK)

PTD6/ATD14/TCLK is an external clock input that can be the clock
source for the TIM counter instead of the prescaled internal bus clock.
Select the PTD6/ATD14/TCLK input by writing logic ones to the three
prescaler select bits, PS[2:0]. (See 17.9.1 TIM Status and Control
Register (TSC) .) The minimum TCLK pulse width, TCLK_,, Of
TCLK s 1S:
1
bus frequency

tSU

The maximum TCLK frequency is whichever is less of:
4 MHz or bus frequency + 2

PTD6/ATD14/TCLK is available as a general-purpose I/O pin or ADC
channel when not used as the TIM clock input. When the
PTD6/ATD14/TCLK pinis the TIM clock input, it is an input regardless of
the state of the DDRD6 bit in data direction register D.

17.8.2 TIM Channel I/0O Pins (PTF3/TCH5-PTFO/TCH2, PTE3/TCH1-PTE2/TCHO)

Each channel I/O pin is programmable independently as an input
capture pin or an output compare pin. PTE2/TCHO, PTE6/TCH2, and
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PTF2/TCH4 can be configured as buffered output compare or buffered
PWM pins.

17.9 1/0 Registers

The following I/O registers control and monitor operation of the TIM:

» TIM status and control register (TSC)

* TIM DMA select register (TDMA)

» TIM control registers (TCNTH:TCNTL)

* TIM counter modulo registers (TMODH:TMODL)

* TIM channel status and control registers (TSCO, TSC1, TSC2, and
TSC3)

e TIM channel registers (TCHOH:TCHOL, TCH1H:TCHLL,
TCH2H:TCH2L, and TCH3H:TCH3L)
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17.9.1 TIM Status and Control Register (TSC)
The TIM status and control register does the following:

» Enables TIM overflow interrupts
* Flags TIM overflows

» Stops the TIM counter

* Resets the TIM counter

* Prescales the TIM counter clock

Bit 7 6 5 4 3 2 1 Bit 0
Tsc Read:| TOF 0 0
$0020 TOIE TSTOP PS2 PS1 PSO
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0
= Unimplemented

Figure 17-3. TIM Status and Control Register (TSC)

TOF — TIM Overflow Flag Bit

This read/write flag is set when the TIM counter resets to $0000 after
reaching the modulo value programmed in the TIM counter modulo
registers. Clear TOF by reading the TIM status and control register
when TOF is set and then writing a logic zero to TOF. If another TIM
overflow occurs before the clearing sequence is complete, then
writing logic zero 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 one to TOF has no effect.

1 = TIM counter has reached modulo value

0 = TIM counter has not reached modulo value

TOIE — TIM Overflow Interrupt Enable Bit

This read/write bit enables TIM overflow interrupts when the TOF bit
becomes set. Reset clears the TOIE bit.

1 = TIM overflow interrupts enabled

0 = TIM overflow interrupts disabled
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TSTOP — TIM Stop Bit

This read/write bit stops the TIM counter. Counting resumes when
TSTOP is cleared. Reset sets the TSTOP bit, stopping the TIM
counter until software clears the TSTOP bit.

1 = TIM counter stopped

0 = TIM counter active

NOTE: Do notsetthe TSTOP bit before entering wait mode if the TIM is required
to exit wait mode.

TRST — TIM Reset Bit

Setting this write-only bit resets the TIM counter and the TIM
prescaler. Setting TRST has no effect on any other registers.
Counting resumes from $0000. TRST is cleared automatically after
the TIM counter is reset and always reads as logic zero. Reset clears

the TRST hit.
1 = Prescaler and TIM counter cleared
0 = No effect

NOTE: Setting the TSTOP and TRST bits simultaneously stops the TIM counter
at a value of $0000.

PS[2:0] — Prescaler Select Bits

These read/write bits select either the PTD6/ATD14/TCLK pin or one
of the seven prescaler outputs as the input to the TIM counter as
Table 17-2 shows. Reset clears the PS[2:0] bits.

Table 17-2. Prescaler Selection

PS[2:0] TIM 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/TCLK
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17.9.2 TIM DMA Select Register (TDMA)

The TIM DMA select register enables either TIM CPU interrupt requests
or TIM DMA service requests.

Bit 7 6 5 4 3 2 1 Bit 0
TDMA Read: 0 0
DMASS | DMA4S | DMA3S | DMA2S | DMA1S | DMAOS
$0021 Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 17-4. TIM DMA Select Register (TDMA)

DMA5S — DMA Channel 5 Select Bit

This read/write bit enables TIM DMA service requests on channel 5.
Reset clears the DMASS bit.

1 = TIM DMA service requests enabled on channel 5
(TIM CPU interrupt requests disabled on channel 5)

0 = TIM DMA service requests disabled on channel 5
(TIM CPU interrupt requests enabled on channel 5)

DMA4S — DMA Channel 4 Select Bit
This read/write bit enables TIM DMA service requests on channel 4.
Reset clears the DMAA4S bit.
1 = TIM DMA service requests enabled on channel 4
(TIM CPU interrupt requests disabled on channel 4)

0 = TIM DMA service requests disabled on channel 4
(TIM CPU interrupt requests enabled on channel 4)

DMA3S — DMA Channel 3 Select Bit

This read/write bit enables TIM DMA service requests on channel 3.
Reset clears the DMASS bit.

1 = TIM DMA service requests enabled on channel 3
(TIM CPU interrupt requests disabled on channel 3)

0 = TIM DMA service requests disabled on channel 3
(TIM CPU interrupt requests enabled on channel 3)
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DMA2S — DMA Channel 2 Select Bit

This read/write bit enables TIM DMA service requests on channel 2.
Reset clears the DMA2S bit.

1 = TIM DMA service requests enabled on channel 2
(TIM CPU interrupt requests disabled on channel 2)

0 = TIM DMA service requests disabled on channel 2
(TIM CPU interrupt requests enabled on channel 2)

DMAL1S — DMA Channel 1 Select Bit
This read/write bit enables TIM DMA service requests on channel 1.
Reset clears the DMALS bit.
1 = TIM DMA service requests enabled on channel 1
(TIM CPU interrupt requests disabled on channel 1)

0 = TIM DMA service requests disabled on channel 1
(TIM CPU interrupt requests enabled on channel 1)

DMAOS — DMA Channel 0 Select Bit
This read/write bit enables TIM DMA service requests on channel 0.
Reset clears the DMAOS bit.
1 = TIM DMA service requests enabled on channel 0
(TIM CPU interrupt requests disabled on channel 0)

0 = TIM DMA service requests disabled on channel O
(TIM CPU interrupt requests enabled on channel 0)
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17.9.3 TIM Counter Registers (TCNTH:TCNTL)

Specification
I/O Registers

The two read-only TIM counter registers contain the high and low bytes
of the value in the TIM counter. Reading the high byte (TCNTH) latches
the contents of the low byte (TCNTL) into a buffer. Subsequent reads of
TCNTH do not affect the latched TCNTL value until TCNTL is read.

Reset clears the TIM counter registers. Setting the TIM reset bit (TRST)
also clears the TIM counter registers.

NOTE: If TCNTH is read during a break interrupt, be sure to unlatch TCNTL by
reading TCNTL before exiting the break interrupt. Otherwise, TCNTL
retains the value latched during the break.

Bit 7 6 5 4 3 2 1 Bit 0
TeNTH  Read:| Bit15 14 13 12 11 10 9 Bit 8
$0022 Write:

Reset: 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
TcnTL  Read: Bit 7 6 5 4 3 2 1 Bit0
$0023 Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 17-5. TIM Counter Registers (TCNTH:TCNTL)
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17.9.4 TIM Counter Modulo Registers (TMODH:TMODL)

The read/write TIM modulo registers contain the modulo value for the
TIM counter. When the TIM counter reaches the modulo value, the
overflow flag (TOF) becomes set, and the TIM counter resumes counting
from $0000 at the next clock. Writing to the high byte (TMODH) inhibits
the TOF bit and overflow interrupts until the low byte (TMODL) is written.
Reset sets the TIM counter modulo registers.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
T$"g(32'?4H Bit15 | 14 13 12 11 10 9 Bit 8
Write:
Reset: 1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0
Read:
;“gg% Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 17-6. TIM Counter Modulo Registers (TMODH:TMODL)

NOTE: Resetthe TIM counter before writing to the TIM counter modulo registers.
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17.9.5 TIM Channel Status and Control Registers (TSCO-TSC5)

Each of the TIM channel status and control registers does the following:

Flags input captures and output compares

Enables input capture and output compare interrupts

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 TIM overflow

Selects 100% PWM duty cycle

Selects buffered or unbuffered output compare/PWM operation

Bit 7 6 5 4 3 2 1 Bit 0
TSCO Read:| CHOF
CHOIE | MSOB MSOA | ELSOB | ELSOA | TOVO |CHOMAX
$0026 Write: 0
Reset: 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
Tsci Read:| CHIF 0
$0029 CHI1IE MS1A | ELSIB | ELSIA | TOV1 |CHIMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
TSC2 Read:| CH2F
CH2IE | MS2B MS2A | ELS2B | ELS2A | TOV2 |CH2MAX
$002C Write: 0
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 17-7. TIM Channel Status and
Control Registers (TSCO-TSC3)
MC68HC708AS48 — Rev. 2.0
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Bit 7 6 5 4 3 2 1 Bit O
TsSCc3 Read:| CH3F 0
$002F CH3IE MS3A | ELS3B | ELS3A TOV3 | CH3MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit O

Tsca Read:| CH4F
CH4IE MS4B MS4A | ELS4B | ELS4A | TOV4 | CH4MAX

$0032 Write: 0
Reset: 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
TSC5 Read:| CH5F 0
$0035 CH5IE MS5A ELS5B | ELS5A TOV5 | CHSMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 17-7. TIM Channel Status and
Control Registers (TSCO-TSC3) (Continued)

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 TIM
counter registers matches the value in the TIM channel x registers.

When CHXIE = 0 or DMAXS = 0, clear CHxF by reading TIM channel
x status and control register with CHxF set and then writing a logic
zero to CHxF. If another interrupt request occurs before the clearing
sequence is complete, then writing logic zero to CHXF has no effect.
Therefore, an interrupt request cannot be lost due to inadvertent
clearing of CHxF.

When TIM DMA service requests are enabled (CHXIE:DMAXS = 1:1),
clear CHxF by reading or writing to the low byte of the TIM channel x
registers (TCHxL).

Reset clears the CHXF bit. Writing a logic one to CHXF has no effect.
1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x
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CHXIE — Channel x Interrupt Enable Bit

This read/write bit enables TIM CPU interrupts and TIM DMA service
requests on channel x. The DMAXS bit in the TIM DMA select register
selects channel x TIM DMA service requests or TIM CPU interrupt
requests.

NOTE: TIM DMA service requests cannot be used in buffered PWM mode. In
buffered PWM mode, disable TIM DMA service requests by clearing the
DMAXS bit in the TIM DMA select register.

Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests and DMA service requests
enabled
0 = Channel x CPU interrupt requests and DMA service requests
disabled

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation.
MSxB exists only in the TIM channel 0, TIM channel 2, and TIM
channel 4 status and control registers.

Setting MSOB disables the channel 1 status and control register and
reverts TCHL1 to general-purpose I/0O.

Setting MS2B disables the channel 3 status and control register and
reverts TCH3 to general-purpose I/0O.

Setting MS4B disables the channel 5 status and control register and
reverts TCH5 to general-purpose I/0O.

Reset clears the MSxB bit.
1 = Buffered output compare/PWM operation enabled
0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A

MC68HC708AS48 — Rev. 2.0

When ELSxB:A # 00, this read/write bit selects either input capture
operation or unbuffered output compare/PWM operation. (See Table
17-3.)

1 = Unbuffered output compare/PWM operation

0 = Input capture operation
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When ELSxB:A = 00, this read/write bit selects the initial output level
of the TCHx pin. (See Table 17-3.). Reset clears the MSXxA 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 TIM status and control register
(TSC).

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 ELSXxA are both clear, channel x is not connected
to port E or port F, and pin PTEX/TCHx or PTFx/TCHXx is available as
a general-purpose I/O pin. Table 17-3 shows how ELSxB and ELSxA
work. Reset clears the ELSxB and ELSXA bits.

Table 17-3. Mode, Edge, and Level Selection

MSxB:MSxA ELSxB:ELSxXA Mode Configuration
X0 00 Pin under Port Control; Initial Output Level High
Output Preset
X1 00 Pin under Port Control; Initial Output Level Low
00 01 Capture on Rising Edge Only
00 10 Input Capture Capture on Falling Edge Only
00 11 Capture on Rising or Falling Edge
01 01 Toggle Output on Compare
Output Compare
01 10 or PWM Clear Output on Compare
01 11 Set Output on Compare
1X 01 Toggle Output on Compare
Buffered Output
1X 10 Compare or Clear Output on Compare
Buffered PWM
1X 11 Set Output on Compare
MC68HC708AS48 — Rev. 2.0
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NOTE: Before enabling a TIM channel register for input capture operation, make
sure that the PTEx/TCHx or PTFx/TCHXx 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 TIM 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 TIM counter overflow.

0 = Channel x pin does not toggle on TIM counter overflow.

NOTE: When TOVx is set, a TIM counter overflow takes precedence over a
channel x output compare if both occur at the same time.

CHXMAX — Channel x Maximum Duty Cycle Bit

When the TOVXx bit is at logic zero, setting the CHXMAX bit forces the
duty cycle of buffered and unbuffered PWM signals to 100%. As
Figure 17-8 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 —»|

\ \

1 T T “

OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

Figure 17-8. CHXMAX Latency

PTEX/TCHx
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17.9.6 TIM Channel Registers (TCHOH/L-TCH3H/L)

These read/write registers contain the captured TIM counter value of the
input capture function or the output compare value of the output
compare function. The state of the TIM channel registers after reset is
unknown.

In input capture mode (MSxB:MSxA = 0:0), reading the high byte of the
TIM channel x registers (TCHxH) inhibits input captures until the low
byte (TCHxL) is read.

In output compare mode (MSxB:MSxA # 0:0), writing to the high byte of
the TIM channel x registers (TCHxH) inhibits output compares until the
low byte (TCHXxL) is written.

Bit 7 6 5 4 3 2 1 Bit O
Read:
TCHOH Bit15 | 14 13 12 11 10 9 Bit 8
$0027  \write:
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCHoL Read:) .
$0028  \rite: Bit 7 6 5 4 3 2 1 Bit 0
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Read:
TCHIH Bit15 | 14 13 | 12 11 10 9 | Bits
$002A Write:
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit O
Read:
TeHiL Bit 7 6 5 4 3 2 1 Bit 0
$002B  \yrite:
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH2H Read:| .
$002D  \write: Bit 15 14 13 12 11 10 9 Bit 8
Reset: Indeterminate after reset

Figure 17-9. TIM Channel Registers
(TCHOH/L-TCH3HIL)
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Bit 7 6 5 4 3 2 1 Bit 0
TCcHzL Read:| .
$002E  \yrite: Bit 7 6 5 4 3 2 1 Bit 0
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH3H Read:| .
$0030  \write: Bit 15 14 13 12 11 10 9 Bit 8
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH3L Read:) .
$0031  \write: Bit 7 6 5 4 3 2 1 Bit 0
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH4H Read:| .
$0033  \write: Bit 15 14 13 12 11 10 9 Bit 8
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH4L Read:| .
$0034  \yrite: Bit 7 6 5 4 3 2 1 Bit 0
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCHsH Read:| .
$0036  \write: Bit 15 14 13 12 11 10 9 Bit 8
Reset: Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
TCH5L Read: . .
$0037  \write: Bit 7 6 5 4 3 2 1 Bit 0
Reset: Indeterminate after reset
Figure 17-9. TIM Channel Registers
(TCHOH/L-TCH3H/L) (Continued)
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18.2 Introduction

This section describes the analog-to-digital converter (ADC). The ADC
is an 8-bit analog-to-digital converter.

18.3 Features
Features of the ADC module include:

* 16 Channels with Multiplexed Input

» Linear Successive Approximation

* 8-bit Resolution

» Single or Continuous Conversion

» Conversion Complete Flag or Conversion Complete Interrupt
» Selectable ADC Clock

18.4 Functional Description

Sixteen ADC channels are available in the 64 QFP package for sampling
external sources at pins PTD7/ATD15-PTDO/ATD8 and
PTB7/ATD7-PTBO/ATDO. An analog multiplexer allows the single ADC
converter to select one of 16 ADC channels as ADC voltage IN
(ADCVIN). ADCVIN is converted by the successive approximation
register based counter. When the conversion is completed, ADC places
the result in the ADC data register and sets a flag or generates an
interrupt. (See Figure 18-1.)

NOTE: DMA section and associated functions are only valid if the MCU has a
DMA module.

MC68HC708AS48 — Rev. 2.0

266 Analog-to-Digital Converter (ADC) MOTOROLA



General Release Specification
Functional Description

INTERNAL
DATA BUS

N READ DDRB/DDRB

A

WRITE DDRB/DDRD S E— DISABLE
RESET—] X
WRITE PTB/PTD
»  PTBx/PTDx PTB/Dx
»
(ADC CHANNEL X)
__ READ PTB/PTD S
2\ \
g
DISABLE
- ADC DATA REGISTER
2 *
CONVERSION ADC VOLTAGE IN y ADCH4:0]
INTERRUPT [COMPLETE ADC (ADCVIN) CHANNEL | o =~
Locic | [ — < SELECT

AIEN* *COCO/IDMAS
ADC CLOCK

COMXCLK—— .

GENERATOR

b4

ADIV[2:0] ADICLK

BUS CLOCK ——pp»

Figure 18-1. ADC Block Diagram
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18.4.1 ADC Port I/0O Pins

NOTE:

NOTE:

PTD7/ATD15-PTDO/ATD8 and PTB7/ATD7-PTBO/ATDO are general-
purpose I/O pins that share with the ADC channels. PTD2/ATD10 is an
input-only pin that also shares with an ADC channel.

PTD7/ATD15 is available only on the 64-pin package.

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/0O logic and can be used as general-purpose 1/0.
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
ADC will return a logic zero if the corresponding DDR bit is at logic zero.
If the DDR bit is at logic one, the value in the port data latch is read.

Do not use ADC channel ATD14 when using the PTD6/ATD14/TCLK pin
as the clock input for the TIM.

18.4.2 Voltage Conversion

NOTE:

When the input voltage to the ADC equals Vgggn, the ADC converts the
signal to $FF (full scale). If the input voltage equals Vgsa/Vrer the
ADC converts it to $00. Input voltages between Vgepy and Vssa/ViRerL
are a straight-line linear conversion. All other input voltages will result in
$FF if greater than Vggpy and $00 if less than Vgga/VRegL -

Input voltage should not exceed the analog supply voltages.
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18.4.3 Conversion Time

Conversion starts after a write to the ADSCR 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 CGMXCLK frequency, bus
frequency, and ADIV prescaler bits. For example, with an CGMXCLK
frequency of 4 MHz, bus frequency of 8 MHz, and ADC clock frequency
of 1 MHz, one conversion will take between 16 and 17 psec and there
will be 128 bus cycles between each conversion. Sample rate is
approximately 60 kHz.

Conversion Time = ﬁ%ﬁ é%ﬁlﬁcﬁ %l%eﬁ

ADC clock frequency

# Bus Cycles = Conversion Time x Bus Frequency

18.4.4 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 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.

18.4.5 Accuracy and Precision

18.5 Interrupts

The conversion process is monotonic and has no missing codes. See
21.7 ADC Converter Characteristics (see Note 1)  for accuracy
information.

When the AIEN bit is set, the ADC module is capable of generating
either CPU or DMA interrupts after each ADC conversion. A CPU
interrupt is generated if the COCO/IDMAS bit is at logic zero. If the
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COCO/IDMAS bit is set, a DMA interrupt is generated. The
COCO/IDMAS bit is not used as a conversion complete flag when
interrupts are enabled.

18.6 Low-Power Modes

18.6.1 Wait Mode

18.6.2 Stop Mode

18.7 1/0 Signals

The WAIT and STOP instruction can put the MCU in low-power-
consumption standby 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 ADCH[4:0] bits in the ADC status
and control register before executing the WAIT instruction.

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 1/0 ports B and
D and one channel with an input-only port bit on port D.

18.7.1 ADC Analog Power Pin (Vppagrer)

The ADC analog portion uses Vppargeg as its power pin. Connect the
Vbopa/Voparer Pin to the same voltage potential as Vpp. External
filtering may be necessary to ensure clean Vppargg for good results.
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NOTE: Route Vpparer carefully for maximum noise immunity and place bypass
capacitors as close as possible to the package.

18.7.2 ADC Analog Ground Pin (Vgga)

The ADC analog portion uses Vggp as its ground pin. Connect the Vggp
pin to the same voltage potential as V.

18.7.3 ADC Voltage Reference Pin (Vggrn)

VRregH is the high reference voltage for all analog-to-digital conversions.
Connect the Vg pin to a voltage potential between 1.5 volts and
Voparee/Vopa depending on the desired upper conversion boundary.

18.7.4 ADC Voltage Reference Low Pin (Vggr)

VRregL is the lower reference supply for the ADC. Connect the Vggg, pin
to a voltage potential between Vgga and 0.5 volts depending on the
desired lower conversion boundary.

18.7.5 ADC Voltage In (ADCVIN)

ADCVIN is the input voltage signal from one of the 16 ADC channels to
the ADC module.

18.8 1/0O Registers
The following I/O registers control and monitor operation of the ADC:

* ADC status and control register (ADSCR)
» ADC data register (ADR)
* ADC clock register (ADCLK)
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18.8.1 ADC Status and Control Register (ADSCR)

The following paragraphs describe the function of the ADC status and
control register.

Bit 7 6 5 4 3 2 1 Bit 0

ADSCR Read:|cocoy
$0038  yyrie. | IDMAS AIEN | ADCO| CH4 | CH3 | CH2 | CH1 | CHO

Reset: 0 0 0 1 1 1 1 1

Figure 18-2. ADC Status and Control Register

COCO/IDMAS — Conversions Complete/Interrupt DMA Select

When the AIEN bit is a logic zero, the COCO/IDMAS 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 one, the COCO/IDMAS is a read/write bit
which selects either CPU or DMA to service the ADC interrupt
request. Reset clears this bit.

1 = conversion completed (AIEN=0)
or
DMA interrupt enabled (AIEN=1)

0 = conversion not completed (AIEN=0)
or
CPU interrupt enabled (AIEN=1)

AIEN — ADC Interrupt Enable

When this bit is set, an interrupt is generated at the end of an ADC
conversion. CPU or DMA interrupt can be chosen with COCO/IDMAS
bit. 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
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ADCO — ADC Continuous Conversion

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]J4:0] — ADC Channel Select Bits

ADCH4, ADCH3, ADCH2, ADCH1, and ADCHO form a 5-bit field
which is used to select one of 16 ADC channels. The six channels are
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 18-1.)

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.

Recovery from the disabled state requires one conversion cycle to
Stabilize.
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Table 18-1. Mux Channel Select

ADCH4 ADCH3 ADCH?2 ADCH1 ADCHO Input Select
0 0 0 0 0 PTBO/ATDO
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/ATDS
0 0 1 1 0 PTB6/ATD6
0 0 1 1 1 PTB7/ATD7
0 1 0 0 0 PTDO/ATD8
0 1 0 0 1 PTD1/ATD9
0 1 0 1 0 PTD2/ATD10
0 1 0 1 1 PTD3/ATD11
0 1 1 0 0 PTD4/ATD12
0 1 1 0 1 PTD5/ATD13
0 1 1 1 0 PTD6/ATD14/TCLK
0 1 1 1 1 PTD7/ATD15
1 0 0 0 0 Unused (see Note 1)
! ! ! ! ! !
1 1 0 1 0 Unused (see Note 1)
1 1 0 1 1 Reserved
1 1 1 0 0 Voparer (See Note 2)
1 1 1 0 1 VRerH (see Note 2)
1 1 1 1 0 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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18.8.2 ADC Data Register (ADR)

One 8-bit result register is provided. This register is updated each time

an ADC conversion completes.

Bit 7 6 5 4 3 2 1 BitO
ADR Read:| AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
$0039 Write:
Reset: Indeterminate after reset
= Unimplemented
Figure 18-3. ADC Data Register
18.8.3 ADC Input Clock Register (ADICLK)
This register selects the clock frequency for the ADC.
Bit 7 6 5 4 3 2 1 Bit O
Read: 0 0 0 0
ADICLK ADIV2 | ADIV1 | ADIVO | ADICLK
$003A Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 18-4. ADC Input Clock Register

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 18-
2 shows the available clock configurations. The ADC clock should be
set to approximately 1 MHz.
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NOTE:

Table 18-2. 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

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 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 approximately 1 MHz, correct
operation can be guaranteed. (See 21.7 ADC Converter
Characteristics (see Note 1) .)

1 = Internal bus clock

0 = External clock (CGMXCLK)

During the conversion process, changing the ADC clock will result in an
incorrect conversion.
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General Release Specification Introduction

19.2 Introduction

Forty-five bidirectional input-output (1/0O) pins (or 39 in 52 PLCC
package) and one input-only pin form seven parallel ports (or six in 52
PLCC package). All /O pins are programmable as inputs or outputs.

NOTE: Connect any unused I/O pins to an appropriate logic level, either V, or
Vss. Although the 1/0 ports do not require termination for proper
operation, termination reduces excess current consumption and the
possibility of electrostatic damage.

Table 19-1. I/O Port Register Summary

Register Name Bit 7 6 5 4 3 2 1 Bit0 Addr.

Port A Data Register (PTA)| PTA7 PTA6 | PTA5 PTA4 | PTA3 | PTA2 | PTAl | PTAO [$0000

Port B Data Register (PTB)| PTB7 PTB6 | PTB5 | PTB4 | PTB3 | PTB2 | PTB1 | PTBO [$0001

(
Port C Data Register (PTC) 0 0 PTC5 | PTC4 | PTC3 | PTC2 | PTC1 | PTCO |$0002
Port D Data Register (FTD)| PTD7 | PTD6 | PTD5 | PTD4 | PTD3 | PTD2 | PTD1 | PTDO |$0003

Data Direction Register A (DODRA)| DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRAL | DDRAO |$0004

(
Data Direction Register B (DDRB)| DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO |$0005
(
(

Data Direction Register C (DDRC) | MCLKEN 0 DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO |$0006

Data Direction Register D (DDRD)| DDRD7 | DDRD6 | DDRD5 | DDRD4 | DDRD3 0 DDRD1 | DDRDO |$0007

Port E Data Register (°FTE)| PTE7 PTE6 | PTE5 | PTE4 | PTE3 | PTE2 | PTE1l | PTEO |$0008

Port F Data Register (PTF) 0 0 0 PTF4 | PTF3 | PTF2 | PTF1 | PTFO |$0009

Port G Data Register (PTG) 0 0 0 0 0 PTG2 | PTGl | PTGO [$000A

Data Direction Register E (DDRE)| DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDREL | DDREQ [$000C

Data Direction Register F (DDRF) 0 0 0 DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO [$000D

Data Direction Register G (DDRG) 0 0 0 0 0 DDRG2 | DDRG1 | DDRGO [$000E
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19.3 Port A

Port A is an 8-bit general-purpose bidirectional 1/0 port.

19.3.1 Port A Data Register (PTA)

The port A data register contains a data latch for each of the eight port
A pins.

Bit 7 6 5 4 3 2 1 Bit 0

PTA Read:| PTA7 PTA6 PTAS PTA4 PTA3 PTA2 PTAL PTAO
$0000 Write:

Reset: Unaffected by reset

Figure 19-1. 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.
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19.3.2 Data Direction Register A (DDRA)

NOTE:

Data direction register A determines whether each port A pin is an input
or an output. Writing a logic one to a DDRA bit enables the output buffer
for the corresponding port A pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRA Read:
DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
$0004 Write:
Reset: 0 0 0 0 0 0 0 0

Figure 19-2. Data Direction Register A (DDRA)

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

Avoid glitches on port A pins by writing to the port A data register before
changing data direction register A bits from zero to one.

Figure 19-3 shows the port A 1/O logic.

2"\ READ DDRA ($0004)

WRITE DDRA ($0004)

»
-

DDRAX

RESET —

WRITE PTA ($0000)

> PTAX * — PTAX

READ PTA ($0000) /Q’I
AN

INTERNAL DATA BUS

A

<

Figure 19-3. Port A I/O Circuit
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When bit DDRAX is a logic one, reading address $0000 reads the PTAX
data latch. When bit DDRAX is a logic zero, 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 19-2 summarizes
the operation of the port A pins.

Table 19-2. Port A Pin Functions

Accesses
DDRA PTA /O Pin to DDRA Accesses to PTA
Bit Bit Mode
Read/Write Read Write
0 X Input, Hi-Z | DDRA[7:0] Pin PTA[7:01)
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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19.4 PortB

Port B is an 8-bit special function port that shares all of its pins with the
analog-to-digital converter.

19.4.1 Port B Data Register (PTB)

NOTE:

The port B data register contains a data latch for each of the eight port
B pins.

Bit 7 6 5 4 3 2 1 Bit O
PTB Read:
PTB7 | PTB6 | PTB5 | PTB4 | PTB3 | PTB2 | PTBL | PTBO
$0001 Write:
Reset: Unaffected by reset
Altemate| oo | arpg | ATDS | ATD4 | ATD3 | ATD2 | ATDL | ATDO
Functions:

Figure 19-4. 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.

ATDI[7:0] — ADC Channels

PTB7/ATD7 — PTBO/ATDO are eight of the 16 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 zero if the data direction for this bit is programmed as an input.
Otherwise, the data will reflect the value in the data latch. (See
Section 18. Analog-to-Digital Converter (ADC) )

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 the states of the
latches or logic zero.
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19.4.2 Data Direction Register B (DDRB)

NOTE:

Data direction register B determines whether each port B pin is an input
or an output. Writing a logic one to a DDRB bit enables the output buffer
for the corresponding port B pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRB Read:
DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
$0005 Write:
Reset: 0 0 0 0 0 0 0 0

Figure 19-5. 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

Avoid glitches on port B pins by writing to the port B data register before
changing data direction register B bits from zero to one.

Figure 19-6 shows the port B 1/O logic.

2"\ READ DDRB ($0005)

-
-¢

WRITE DDRB ($0005)

»
-

RESET —»

DDRBx

WRITE PTB ($0001)

> PTBx * p— PTBX

READ PTB ($0001) )’I
~N

Figure 19-6. Port B I/O Circuit

INTERNAL DATA BUS

<’LA
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When bit DDRBX is a logic one, reading address $0001 reads the PTBx
data latch. When bit DDRBX is a logic zero, 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 19-3 summarizes
the operation of the port B pins.

Table 19-3. 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 | DDRB[7:0] Pin PTB[7:01V
1 X Output DDRB[7:0] | 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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19.5 Port C

Port C is an 6-bit general-purpose bidirectional 1/0O port.

19.5.1 Port C Data Register (PTC)

The port C data register contains a data latch for each of the six port C

pins.
Bit 7 6 5 4 3 2 1 Bit 0
PTC Read: 0 0
PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
$0002 Write:
Reset: Unaffected by reset
= Unimplemented
AIter_natg MCLK
Functions:

Figure 19-7. Port C Data Register (PTC)

PTC[5:0] — 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.

NOTE:  PTCS5 is available only on the 64-pin QFP.

MCLK — T12 System Clock

The system clock is driven out of PTC2 when enabled by MCLKEN bit
in PTCDDRY.
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19.5.2 Data Direction Register C (DDRC)

Data direction register C determines whether each port C pin is an input
or an output. Writing a logic one to a DDRC bit enables the output buffer
for the corresponding port C pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRC Read: 0
MCLKEN DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
$0006 Write:
rite:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 19-8. 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, PTC2 is under the control of MCLKEN. Reset
clears this bit.

1 = MCLK output enabled

0 = MCLK output disabled

DDRCJ[5:0] — Data Direction Register C Bits

These read/write bits control port C data direction. Reset clears
DDRCJ7:0], 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 zero to one.

Figure 19-9 shows the port C /O logic.
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READ DDRC ($0006)

General Release Specification

WRITE DDRC ($0006)

»

WRITE PTC ($0002)

RESET —»

DDRCx

INTERNAL DATA BUS

READ PTC ($0002)

Y

PTCx

Port C

p—» PTCx

<A

pd
N

Figure 19-9. Port C I/O Circuit

When bit DDRCXx is a logic one, reading address $0002 reads the PTCx
data latch. When bit DDRCXx is a logic zero, 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 19-4 summarizes
the operation of the port C pins.

Table 19-4. Port C Pin Functions

Accesses
Bit pPTC /O Pin to DDRC Accesses to PTC
Value Bit Mode
Read/Write Read Write
0 2 Input, Hi-Z DDRCI7] Pin PTC2
1 2 Output DDRCJ[7] 0 —
0 X Input, Hi-Z | DDRCI[5:0] Pin PTC[5:0]®
1 X Output DDRCI5:0] PTCI[5:0] PTCI[5:0]
X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
MC68HC708AS48 — Rev. 2.0
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19.6 Port D

Port D is an 8-bit general-purpose 1/O port.

19.6.1 Port D Data Register (PTD)

Port D is an 8 -bit special function port that shares all of its pins with the
analog-to-digital converter.

Bit 7 6 5 4 3 2 1 Bit 0
pTp Read: PTD2
PTD7 | PTD6 | PTD5 | PTD4 | PTD3 PTD1 | PTDO
$0003  \yire:
rite:
Reset: Unaffected by reset
Alternate | onoe | ATDI4 | rpio | ATD12 | ATDIL | ATDI0 | ATDS | ATDS
Functions: /TCLK
= Unimplemented

Figure 19-10. Port D Data Register (PTD)

PTD[7:0] — Port D Data Bits

PTD[7:3,1:0] are read/write, software programmable bits. Data
direction of PTD[7:3,1:0] pins are under the control of the
corresponding bit in data direction register D. PTD2/ATD10 is an
input-only pin.

ATD[15:8] — ADC Channels

PTD7/ATD15- PTDO/ATDS8 are eight of the 16 analog-to-digital
converter channels. The ADC channel select bits, CH[4:0], determine
whether the PTD7/ATD15- PTDO/ATDS8 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 zero if the data direction for this bit is programmed as an input.
Otherwise, the data will reflect the value in the data latch. (See
Section 18. Analog-to-Digital Converter (ADC) )
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NOTE: PTD7/ATDI15 is available only on the 64-pin QFP.

Data direction register D (DDRD) does not affect the data direction of
port D pins that are being used by the ADC. However, the DDRD bits
always determine whether reading port D returns the states of the
latches or logic zero.

TCLK — Timer Clock Input
The PTD6/ATD14/TCLK pin is the external clock input for the TIM.
The prescaler select bits, PS[2:0], select PTD6/ATD14/TCLK as the
TIM clock input. (See 17.9.1 TIM Status and Control Register
(TSC).) When not selected as the TIM clock, PTD6/ATD14/TCLK is
available for general-purpose I/0 or as an ADC channel.

NOTE: Do notuse ADC channel ATD14 when using PTD6/ATD14/TCLK pin as
the clock input for the TIM.
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19.6.2 Data Direction Register D (DDRD)

NOTE:

Data direction register D determines whether each port D pin is an input
or an output. Writing a logic one to a DDRD bit enables the output buffer
for the corresponding port D pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRD Read: 0
DDRD7 | DDRD6 | DDRD5 | DDRD4 | DDRD3 DDRD1 | DDRDO
$0007 Write:
rite:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 19-11. Data Direction Register D (DDRD)

DDRDJ7:3,1:0] — Data Direction Register D Bits

These read/write bits control port D data direction. Reset clears
DDRDJ7:0], configuring all port D pins as inputs.

1 = Corresponding port D pin configured as output

0 = Corresponding port D pin configured as input

Avoid glitches on port D pins by writing to the port D data register before
changing data direction register D bits from zero to one.

Figure 19-12 shows the port D /O logic.

2"\ READ DDRD ($0007)

WRITE DDRD ($0007)

»

DDRDx

RESET —»

WRITE PTD ($0003)

Y

PTDx ® p—» PTDx

INTERNAL DATA BUS

READ PTD ($0003) )’I
~

<A

Figure 19-12. Port D I/O Circuit
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Port D

When bit DDRDx is a logic one, reading address $0003 reads the PTDx
data latch. When bit DDRDXx is a logic zero, 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 19-5 summarizes
the operation of the port D pins.

Table 19-5. Port D Pin Functions

Accesses to
DDRD | PTD /0 Pin DDRD Accesses to PTD
Bit Bit Mode - .
Read/Write Read Write
0 X Input, Hi-Z | DDRD[7:3,1:0] Pin PTD[7:3,1:0]V
X Output DDRDI[7:3,1:0] PTD[7:0] PTD[7:3,1:0]

X =don't care
Hi-Z = high impedance

1. Writing affects data register, but does not affect input.
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19.7 PortE

Port E is an 8-bit special function port that shares two of its pins with the
timer interface module (TIM), two of its pins with the serial
communications interface module (SCI) and four of its pins with the
serial peripheral interface module (SPI).

19.7.1 Port E Data Register (PTE)

The port E data register contains a data latch for each of the eight port
E pins.

Bit 7 6 5 4 3 2 1 Bit 0
PTE Read:
PTE7 PTE6 PTE5 PTE4 PTE3 PTE2 PTE1 PTEO
$0008 Write:
Reset: Unaffected by reset
Alternate | opei | post | MISo SS TCHL | TCHO | RxD TXD
Function:

Figure 19-13. 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

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 1/0.

MOSI| — Master Out/Slave In

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 1/0. (See 16.14.1 SPI Control Register (SPCR) .)
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MISO — Master In/Slave Out

The PTES/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/0O. (See 16.14.1 SPI Control Register (SPCR) .)

SS — Slave Select

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/O. (See 16.13.4 SS (Slave Select) .) 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.

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 19-6.)

TCHI[1:0] — Timer Channel 1/O Bits

The PTE3/TCH1-PTEZ2/TCHO pins are the TIM input capture/output
compare pins. The edge/level select bits, ELSxB:ELSxA, determine
whether the PTE3/TCH1-PTE2/TCHO pins are timer channel I/O pins
or general-purpose I/O pins. (See 17.9.5 TIM Channel Status and
Control Registers (TSCO-TSC5) .)

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 19-6.)

RxD — SCI Receive Data Input

The PTE1/RxD pinis 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 1/O. (See

15.8.1 SCI Control Register 1 (SCC1) .)
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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 /0. (See
15.8.1 SCI Control Register 1 (SCC1) .)

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 19-6.)

19.7.2 Data Direction Register E (DDRE)

Data direction register E determines whether each port E pin is an input
or an output. Writing a logic one to a DDRE bit enables the output buffer
for the corresponding port E pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRE Read:
DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREO
$000C Write:
Reset: 0 0 0 0 0 0 0 0

Figure 19-14. 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 zero to one.

Figure 19-15 shows the port E 1/O logic.
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Figure 19-15. Port E 1/O Circuit

Port E
2\ READ DDRE ($000C)

WRITE DDRE ($000C)
» DDREX
2 RESET —»]
=
S WRITE PTE ($0008)
E > PTEX * —» PTEX
[a
L
£ 3

READ PTE ($0008) /Q’I

When bit DDREX is a logic one, reading address $0008 reads the PTEX
data latch. When bit DDREX is a logic zero, 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 19-6 summarizes

the operation of the port E pins.

Table 19-6. 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]D
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.
MC68HC708AS48 — Rev. 2.0
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19.8 PortF

Port F is a 5-bit special function port that shares four of its pins with the
timer interface module (TIM).

19.8.1 Port F Data Register (PTF)

The port F data register contains a data latch for each of the six port F

pins.
Bit 7 6 5 4 3 2 1 Bit 0
PTE Read: 0 0 0
$0009 PTF4 PTF3 PTF2 PTF1 PTFO
Write:
Reset: Unaffected by reset
Alternate TCH5 | TCH4 | TCH3 | TCH2
Function:

= Unimplemented

Figure 19-16. Port F Data Register (PTF)

PTF[4:0] — 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[4:0].

TCHI[5:2] — Timer Channel 1/O Bits

The PTF3/TCH5-PTFO/TCH2 pins are the TIM input capture/output
compare pins. The edge/level select bits, ELSxB:ELSxA, determine
whether the PTF3/TCH5-PTFO/TCH2 pins are timer channel 1/0O pins

or general-purpose I/O pins. (See 17.9.5 TIM Channel Status and
Control Registers (TSCO-TSC5) .)

NOTE: Data direction 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 19-7.)
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19.8.2 Data Direction Register F (DDRF)

NOTE:

Data direction register F determines whether each port F pin is an input
or an output. Writing a logic one to a DDRF bit enables the output buffer
for the corresponding port F pin; a logic zero disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
DDRE Read: 0 0 0
DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO
$000D Write:
rite:
Reset: 0 0 0 0 0
= Unimplemented

Figure 19-17. Data Direction Register F (DDRF)

DDRF[4:0] — Data Direction Register F Bits

These read/write bits control port F data direction. Reset clears
DDRF[4:0], 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 zero to one.

Figure 19-18 shows the port F I/O logic.

2"\ READ DDRF ($000D)

WRITE DDRF ($000D)

»

DDRFx

RESET —»

WRITE PTF ($0009)

> PTFx ' > PTRX

READ PTF ($0009) )’I
~

Figure 19-18. Port F 1/0O Circuit

INTERNAL DATA BUS

<A

MC68HC708AS48 — Rev. 2.0

MOTOROLA

Input/Output (I/O) Ports 297



General Release Specification Port F

When bit DDRFx is a logic one, reading address $0009 reads the PTFx
data latch. When bit DDRFxX is a logic zero, 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 19-7 summarizes
the operation of the port F pins.

Table 19-7. Port F Pin Functions

Accesses
DDRF PTE /O Pin to DDRF Accesses to PTF
Bit Bit Mode
Read/Write Read Write
0 X Input, Hi-Z | DDRF[4:0] Pin PTF[4:0]®
1 X Output DDRF[4:0] PTF[4:0] PTF[4:0]

X =don't care
Hi-Z = high impedance

1. Writing affects data register, but does not affect input.

NOTE: Bit PTF4 is available only on the 64-pin QFP.
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19.9 Port G

Port G is a 3-bit general-purpose bidirectional 1/0O port.

NOTE: Port G is available only on the 64-pin QFP.

19.9.1 Port G Data Register (PTG)

The port G data register contains a data latch for each of the four port G

pins.
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
$F(>)gtc);A PTG2 | PTGl | PTGO
Write:
Reset: Unaffected by reset
= Unimplemented

Figure 19-19. Port G Data Register (PTG)

PTG[2:0] — Port G Data Bits

These read/write bits are software programmable. Data direction of
each bit is under the control of the corresponding bit in data direction
register G. Reset has no effect on port G data.

19.9.2 Data Direction Register G (DDRG)

Data direction register G determines whether each port G pin is an input
or an output. Writing a logic one to a DDRG bit enables the output buffer
for the corresponding port G pin; a logic zero disables the output buffer.
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NOTE:

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
g(?o%(é DDRG2 | DDRG1 | DDRGO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 19-20. Data Direction Register G (DDRG)

DDRG[2:0] — Data Direction Register G Bits

These read/write bits control port G data direction. Reset clears
DDRG[2:0], configuring all port G pins as inputs.

1 = Corresponding port G pin configured as output

0 = Corresponding port G pin configured as input

Avoid glitches on port G pins by writing to the port G data register before
changing data direction register G bits from zero to one.

Figure 19-21 shows the port G I/O logic.

2"\ READ DDRG ($000E)

WRITE DDRG ($000E)

»

DDRGx

RESET —»

WRITE PTG ($000A)

Y

PTGX * p—> PTCx

READ PTG ($000A) )’I
~

Figure 19-21. Port G 1/O Circuit

INTERNAL DATA BUS

<A

When bit DDRGXx is a logic one, reading address $000A reads the PTGx
data latch. When bit DDRGXx is a logic zero, reading address $000A
reads the voltage level on the pin. The data latch can always be written,
regardless of the state of its data.
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20.2 Introduction

20.3 Features

The byte data link controller (BDLC) provides access to an external
serial communication multiplex bus, operating according to the SAE
J1850 protocol.

Features of the BDLC module include:

SAE J1850 Compatible

10.4 kbps variable pulse width (VPW) bit format
Digital Noise Filter

Collision Detection

Hardware Cyclical Redundancy Check (CRC) Generation and
Checking

Two Power-Saving Modes with Automatic Wakeup on Network
Activity

Polling and CPU Interrupts Available

Receive and Transmit Block Mode Supported

Supports 4X Receive Mode (41.6 kbps)

Digital Loopback Mode

Analog Loopback Mode

In-Frame Response (IFR) Types 0, 1, 2, and 3 Supported
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20.4 Functional Description

TO J1850 BUS

PHYSICAL INTERFACE

1 Y

MUX INTERFACE

1 Y
PROTOCOL HANDLER

4 Y

RX/Tx
BUFFERS

1 Y

CPU INTERFACE

TO CPU

Figure 20-1. BDLC Block Diagram

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.
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20.4.1 BDLC Operating Modes

The BDLC has five main modes of operation which interact with the
power supplies, pins, and rest of the MCU as shown below

POWER OFF

ANY MCU RESET SOURCE ASSERTED
(FROM ANY MODE)
(COP, ILLADDR, P.U., RESET, LVR, POR)

Voo > Voo (MIN.) AND

Vop < Vpp (MIN.) 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 = 0)

(WAIT INSTRUCTION AND WCM = 1)

Figure 20-2. BDLC Operating Modes State Diagram
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Power Off

This mode is entered from the reset mode whenever the BDLC supply
voltage V drops below its minimum specified value for the BDLC to
guarantee operation. The BDLC will be placed in the reset mode by
low voltage reset (LVR) before being powered down. In this mode, the
pin input and output specifications are not guaranteed.

Reset

This mode is entered from the power off mode whenever the BDLC
supply voltage V,, rises above its minimum specified value (Vo))

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,
reset pin, etc., is asserted.

In this 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, and inputs and network activity are ignored.

Run

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 also in the run mode.

In this mode, normal network operation takes place. The user should
ensure that all BDLC transmissions have ceased before exiting this
mode.

BDLC Wait

This power-conserving mode is entered automatically from the run
mode whenever the CPU executes a WAIT instruction and if the
WCM bit in the BCR register is cleared previously.
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In this mode, the BDLC internal clocks continue to run but the physical
interface circuitry is placed in a low power mode and wait for any
activity on the bus. 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 receives a valid EOF
symbol while operating in wait mode then the BDLC will also generate
a CPU interrupt request which wakes up the BDLC and the CPU. See
20.8.2 Wait Mode .

BDLC Stop

This power-conserving mode is automatically entered from the run
mode whenever the CPU executes a STOP instruction, or if the CPU
executes a WAIT instruction and the WCM bit in the BCR 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 20.8.1 Stop
Mode.

Digital Loopback

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 (CL2TxD) and the receive digital input pin (CL2RxD) 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.

Analog Loopback

When a bus fault has been detected, the analog 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
analog physical interface’s output drive stage for the node’s J1850
bus pin. In this mode, the input to the output drive stage is looped
back into the receiver so that the BDLC is able to transmit and receive
its own messages without driving the J1850 bus.
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20.5 BDLC CPU Interface
The CPU interface provides the interface between the CPU and the

BDLC and consists of four user registers. A full description of each
register follows.

TO J1850 BUS

PHYSICAL INTERFACE

1 Y

MUX INTERFACE

1 !

PROTOCOL HANDLER

1 Y

RX/Tx
BUFFERS

) )
CPU Interface

TO CPU

Figure 20-3. BDLC Block Diagram

Table 20-1. BDLC User Registers

Register Name Address
BARD $003B
BCR1 $003C
BCR2 $003D
BSVR $003E

BDR $003F
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20.5.1 BDLC Analog and Roundtrip Delay (BARD)

This register programs the BDLC to compensate for various delays of
different external transceivers. The default delay value is16 ps. Timing
adjustments from 9 us to 24 us in steps of 1us are available. The BARD

register can be written once only after each reset. The register may be
read at any time.

Bit 7 6 5 4 3 2 1 Bit 0
BARD Read: 0 0
$003 ATE RXPOL BO3 BO2 BO1 BOO
B Write:
Reset: 1 1 0 0 0 1 1 1
= Unimplemented

Figure 20-4. BDLC Analog and Roundtrip Delay Register

ATE — Analog Transceiver Enable

The analog transceiver enable bit is used to select either an on-board
or an off-chip analog transceiver.

1 = Select on-board analog transceiver
0 = Select off-chip analog transceiver

NOTE: Anon-board analog transceiver must exist for this bit to be meaningful;
otherwise, the value of this bit doesn’t matter.

RXPOL — Receive Pin Polarity

The receive pin polarity (RXPOL) bit is used to select the polarity of
an incoming signal on the receive pin. Some external analog
transceiver inverts 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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BO3-BO0 — BARD Offset bits

The following table shows the expected transceiver delay with respect
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Table 20-2. BDLC Transceiver Delay

; ) Corresponding Expected
BARD Offset Bits (BO[3:0]) Transceiver's Delays ( )
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
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20.5.2 BDLC Control Register 1 (BCR1)

This register is used to configure and control the BDLC.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
g&gé IMSG | CLkS | RL | RO E | weu
Write:
Reset: 1 1 1 0 0 0 0 0
= Unimplemented

Figure 20-5. BDLC Control Register 1

IMS — Ignore Message

This bit is 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 Select

The nominal BDLC operating frequency (fpq,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 automatically adjust symbol timing.
1 = Binary frequency (1.048576 MHz) is selected for f,qc.

0 = Integer frequency (1 MHz) is selected for fygjc.
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R1, RO — Rate Select
These bits determine the amount by which the frequency of the MCU
CGMXCLK signal is divided to form the MUX interface clock (fyqic)

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 g must always be 1.048576 MHz or

1.00MHz for J1850 bus communications to take place. Hence, the
value programmed into these bits is dependent on the chosen MCU
system clock frequency per the following table.

Table 20-3. BDLC Rate Selection

fyck Frequency R1 RO Division fhdic
1.048576 MHz 0 0 1 1.048576 MHz
2.09715 MHz 0 1 2 1.048576 MHz
4.19430 MHz 1 0 4 1.048576 MHz
8.38861 MHz 1 1 8 1.048576 MHz
1.00000 MHz 0 0 1 1.000000 MHz
2.00000 MHz 0 1 2 1.000000 MHz
4.00000 MHz 1 0 4 1.000000 MHz
8.00000 MHz 1 1 8 1.000000 MHz

A register option is provided to allow the user to select between a
BDLC operating frequency (fyqc) of 1.048576 MHz or 1.0 MHz.
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IE — Interrupt Enable

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
20.5.4 BDLC State Vector Register (BSVR) for a description of the
BSVR register.

WCM — Wait Clock Mode

This bit determines the operation of the BDLC during CPU wait mode.
See 20.8.1 Stop Mode and 20.8.2 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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20.5.3 BDLC Control Register 2 (BCR2)

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.
Bit 7 6 5 4 3 2 1 Bit 0
BCR2 Read:
ALOOP | DLOOP | RX4XE NBFS TEOD TSIFR | TMIFR1 | TMIFRO
$003D  \write:
rite:
Reset: 1 1 0 0 0 0 0 0

Figure 20-6. BDLC Control Register 2

ALOOP — Analog Loopback Mode

This bit determines whether the J1850 bus will be driven by the
analog physical interface’s final drive stage. The bus may be used to
reset the BDLC state machine after enabling the off-chip analog
transceiver in loop-back mode.

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 (t, 4) time before message reception or a
minimum of inter-frame symbol (t;¢) time before message
transmission.

NOTE: Anon-board analog transceiver must exist for this bit to be meaningful;
otherwise, the value of this bit doesn’t matter.
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DLOOP — Digital Loopback Mode

This bit determines the source to which the digital receive input
(CL2RxD) is connected and can be used to isolate bus fault
conditions (see Figure 20-11). If a fault condition has been detected
on the bus, this control bit allows the programmer to disconnect the
BDLC digital block from the physical interface block and connect the
digital transmit output to the digital receive input. In this configuration,
data sent from the transmit buffer should be reflected back into the
receive buffer. If no faults exist in the digital block, the fault is in the
physical interface block or elsewhere on the J1850 bus.
1 = When set, RxD is connected to CL2TxD. The BDLC is now in
digital loopback mode.
0 = When cleared, RxD is connected to CL2RxD. The BDLC is
taken out of Digital Loopback Mode and can now drive the
J1850 bus normally.

RX4XE — Receive 4X Enable

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

This bit controls the format of the normalization bit (NB). SAE J1850
strongly encourages using an active long, zero, for in-frame
responses containing CRC and active short, 1, for In-Frame
Responses without CRC.

1 = NB that is received or transmitted is a zero when the response
part of an in-frame response (IFR) ends with a CRC byte. NB
that is received or transmitted is a one 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 one when the response
part of an in-frame response (IFR) ends with a CRC byte. NB
that is received or transmitted is a zero 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

This bit is set by the programmer to indicate the end of a message
being sent by the BDLC. It will append an 8-bit CRC after completing
transmission of the current byte. This bit also is also used to end an
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 has been transmitted (See
20.6.3 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.

1 = Transmit 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

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
one at any given time. However, if more than one of these three
control bits are set to one, the priority encoding logic will force these
register bits to a known value as shown in the following table. For
example, if 011 is written to TSIFR, TMIFR1, and TMIFRO, then
internally, they’ll be encoded as 010. However, when these bits are
read back, they will read 011.

Table 20-4. BDLC Transmit In-Frame Response
Control Bit Priority Encoding

Write/Read Write/Read Write/Read Actual Actual Actual
TSIFR1 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
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The BDLC supports the in-frame response (IFR) feature of J1850.
The three types of J1850 IFR are shown below.

8 i S0
9 Header Data Field CRC S 9
Type 0- No IFR
w : 8 m m
Q| Header Data Field CRC o |NB| ID S
Type 1 - Single Byte From a Single Responder
[%2) . m m m
O| Header Data Field CRC | 8 |NB| D1 - - IDn S R
Type 2 - Single Byte From Multiple Responders
7 m m m
8 Header Data Field CRC S |NB IFR Data Field CRC |8 Q

Type 3 - Multiple Bytes From a Single Responder
Figure 20-7. Types of In-Frame Response

TSIFR — Transmit Single Byte IFR with No CRC (Type 1)

This bit is used to request the BDLC to transmit the byte in the BDLC
data register (BDR) as a single byte IFR with no CRC.

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 by the CPU, or an error is detected on the bus.

If a loss of arbitration occurs when the BDLC attempts to transmit the
byte in the BDLC, once the IFR byte winning arbitration completes

transmission, the BDLC will again attempt to transmit the byte in the
BDR (with no normalization bit). The BDLC will continue transmission
attempts until an error is detected on the bus, or TEOD is set by the
CPU, or the BDLC transmission is successful. If loss of arbitration

occurs in the last two bits of the IFR byte, two additional 1 bits will not
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be sent out because the BDLC will attempt to retransmit the byte in
the Tx shift register after the IFR byte winning arbitration completes
transmission.

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.

TMIFR1 — Transmit Multiple Byte IFR with CRC (Type 3)

MC68HC708AS48 — Rev. 2.0

This 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.

If this bit is set prior to a valid EOD being received with no CRC error
and once the EOD symbol has been received, the BDLC will attempt
to transmit the appropriate normalization/format 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 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 BCR register. 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.

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
following the TDRE interrupt.

If a loss of arbitration occurs when the BDLC is transmitting any byte
after the first byte of a multiple byte IFR, BDLC will go to the loss of
arbitration state, set the appropriate flag, and cease transmission.

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 TIFR1 bit. Once the
EOD interrupt occurs, the programmer should then set the TEOD bit

MOTOROLA

Byte Data Link Controller-Digital (BDLC-D) 317



General Release Specification BDLC CPU Interface

in the BCR. 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 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 one bits will be sent out.

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.

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 and the last IFR byte has been transmitted, the
CRC byte is transmitted.

0 = The TMIFRL1 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 following the TDRE interrupt.

TMIFRO — Transmit Multiple Byte IFR without CRC (Type 2)

This 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.

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/format 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 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
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the TEOD bit in the BCR register. This will instruct the BDLC to
transmit an EOD symbol, indicating the end of the IFR portion of the
message frame. The BDLC will not append a CRC.

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 following the
TDRE interrupt.

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 one bits (active short bits) will be sent out.

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.

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 following the TDRE interrupt.
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20.5.4 BDLC State Vector Register (BSVR)

This register is provided to decrease substantially the CPU overhead
associated with servicing interrupts while under operation of a MUX
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.

Bit 7 6 5 4 3 2 1 Bit O
BSVR Read: 0 0 13 12 11 10 0 0
$003E Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 20-8. BDLC State Vector Register

10, 11, 12, I3 — Interrupt Source

These bits indicate the source of the interrupt request that currently is
pending. The encoding of these bits follows:

Table 20-5. BDLC Interrupt Sources

BSVR 13 12 11 10 Interrupt Source Priority
$00 0 0 0 0 No Interrupts Pending 0 (Lowest)
$04 0 0 0 1 Received EOF 1
$08 0 0 1 0 Received IFR Byte (RXIFR) 2
$0C 0 0 1 1 Rx Data Register Full (RDRF) 3
$10 0 1 0 0 Tx Data Register Empty (TDRE) 4
$14 0 1 0 1 Loss of Arbitration 5
$18 0 1 1 0 CRC Error 6
$1C 0 1 1 1 Symbol Invalid or Out of Range 7
$20 1 0 0 0 Wakeup 8 (Highest)
MC68HC708AS48 — Rev. 2.0
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Bits 10, 11, 12, and I3 are cleared by a read of the BSVR register 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 register followed by a read of BDR. TDRE can either be cleared
only by a read of the BSVR register followed by a write to the BDLC BDR
register or by setting the TEOD bit in BCR2.

Upon receiving a BDLC interrupt, the user may read the value within the
BSVR, transferring it to the CPU’s index register. The value may then be
used to index into a jump table, with entries four bytes apart, to quickly
enter the appropriate service routine. For example:

Service LDX BSVR Fetch State Vector Number
JMP JMPTAB, X Enter service routine,

* (must end in ‘RTI")

*

JMPTAB JMP SERVEOQ Service condition #0
NOP
JMP SERVE1 Service condition #1
NOP
JMP SERVE?2 Service condition #2
NOP
JMP SERVES Service condition #8
END

NOTE: The NOPs are just used to align the JMPs onto 4-byte boundaries so
that the value in the BSVR may 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.

MC68HC708AS48 — Rev. 2.0
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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 may be made smaller or omitted altogether.

20.5.5 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) interrupt has
occurred, or the BSVR register has been polled indicating this condition.

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.

The BDR register is double buffered via a transmit shadow register and
areceive 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 byte of data.

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 will automatically 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 1-bits) has been transmitted. The
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receiver will pick this up as an error and relay it in the state vector
register as an invalid symbol error.

Bit 7 6 5 4 3 2 1 Bit 0
BDR Read:
003F D7 D6 D5 D4 D3 D2 D1 DO
$ Write:
Reset: Undeterminate After Reset

Figure 20-9. BDLC Data Register

20.6 BDLC Protocol Handler

The protocol handler is responsible for framing, collision detection,
arbitration, CRC generation/checking, and error detection. The protocol
handler conforms to SAE J1850 — Class B Data Communications
Network Interface .

TO J1850 BUS

PHYSICAL INTERFACE

1 Y

MUX INTERFACE

1 Y

Protocol Handler

1 Y

RXx/Tx
BUFFERS

1 Y

CPU INTERFACE

TO CPU

Figure 20-10. BDLC Block Diagram
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20.6.1 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 below.

TO PHYSICAL INTERFACE
CL2RxD CL2TxD

DLOOP FROM BCR2 LOOPBACK
—
LOOPBACK CONTROL MULTIPLEXER

RxD
CL2TxD
CONTROL
ALOOP

STATE MACHINE

] A
Rx SHIFT REGISTER Tx SHIFT REGISTER

Tx SHIFT REGISTER

Rx DATA
CONTROL
Tx DATA

TO CPU INTERFACE AND Rx/Tx BUFFERS

Figure 20-11. BDLC Protocol Handler Outline

MC68HC708AS48 — Rev. 2.0

324 Byte Data Link Controller-Digital (BDLC-D) MOTOROLA



General Release Specification
BDLC Protocol Handler

20.6.2 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.

20.6.3 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 and 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.

20.6.4 Digital Loopback Multiplexer

The digital loopback multiplexer connects RxD to either CL2TxD or
CL2RxD, depending on the state of the DLBE bit in the BCR2 register
(See 20.5.3 BDLC Control Register 2 (BCR2) ).

20.6.5 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.

MC68HC708AS48 — Rev. 2.0
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4X Mode

The BDLC can exist on the same J1850 bus as modules which use a
special 4X (41.6 kbps) mode of J1850 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.

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.

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 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.

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.

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 is reflected in
the BSVR register. If the interrupt enable bit (IE) is set, an interrupt
request from the BDLC is generated.
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CRC Error

A 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 should detect 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 is set when a CRC error is detected.

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 rather than a transmitter error. Symbol invalid or the
out-of-range flag is set when a symbol error is detected.

Framing Error

A framing error is detected if an EOD or EOF symbol is detected on a
non-byte boundary from the J1850 bus. Symbol invalid or the out-of-
range flag is set when a framing error is detected.

Bus Fault

MC68HC708AS48 — Rev. 2.0

If a bus fault occurs, the response of the BDLC will depend upon the
type of bus fault.

If the bus is shorted to V4, 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, since
the short to ground would not allow the bus to be driven to the active
(dominant) 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.
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Any BDLC transmitting at the time a BREAK is detected will treat the
BREAK as if a transmission error had occurred and will halt

transmission.

If the BDLC detects a BREAK symbol while it is receiving a message,
it will treat the BREAK as a reception error.

If a BREAK symbol is received while the BDLC is transmitting or
receiving, an invalid symbol interrupt will be generated. Reading the
BSVR register will clear this interrupt condition. The BDLC will wait for
bus to idle, then wait for SOF.

The BDLC cannot transmit a BREAK symbol. It can only receive a
BREAK symbol from the J1850 bus.

Summary

Table 20-6. BDLC J1850 Bus Error Summary

Error Condition

BDLC Function

Bus short to Vi,

The BDLC will not transmit until the bus is idle.

Bus short to Gnd

Thermal overload will shutdown physical
interface. Fault condition is reflected in
BSVR as invalid symbol.

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 SOF.

CRC Error

CRC error interrupt will be generated. The
BDLC will wait for SOF.

BDLC receives BREAK symbol

The BDLC will wait for the next valid SOF.
Invalid symbol interrupt will be generated.

Invalid symbol: BDLC sends an
EOD but receives an active
symbol.

Invalid symbol interrupt will be generated. The
BDLC will wait for SOF.
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20.7 BDLC MUX Interface

The MUX interface is responsible for bit encoding/decoding and digital
noise filtering between the protocol handler and the physical interface.

TO J1850 BUS

PHYSICAL INTERFACE

A Y
MUX INTERFACE
1 Y
PROTOCOL HANDLER
A Y

Rx/Tx BUFFERS

1 Y

CPU INTERFACE

TO CPU

Figure 20-12. BDLC Block Diagram
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20.7.1 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 20-13 .

put DATA

Sync 4-BIT UPIDOWN COUTER LATCH FILTERED
Rx DATA Rx DATA OUT
FROM — ] ¢ g —"1 UPDOWN ouT F—®fp»o Q
PHYSICAL
INTERFACE
(CL2RXD)

A

g —

Figure 20-13. BDLC Rx Digital Filter Block Diagram

MUX INTERFACE
CLOCK

Operation

The clock for the digital filter is provided by the MUX interface clock.
At each positive edge of the clock signal, the current state of the
receiver physical interface (CL2RxD) signal is sampled. The CL2RxD
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. The counter will thus progress
up toward 15 if, on average, the CL2RxD signal remains high or
progress down toward O if, on average, the CL2RxD signal remains
low.

When the counter eventually reaches the value 15, the digital filter
decides that the condition of the CL2RxD signal is at a stable logic
level one and the data latch is set, causing the filtered Rx data signal
to become a logic level one. Furthermore, the counter is prevented
from overflowing and can only be decremented from this state.
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Alternatively, should the counter eventually reach the value zero, the
digital filter decides that the condition of the CL2RxD signal is at a
stable logic level zero and the data latch is reset, causing the filtered
Rx data signal to become a logic level zero. Furthermore, the counter
is prevented from underflowing and can only be incremented from this
state.

The data latch will retain its value until the counter next reaches the
opposite end point, signifying a definite transition of the CL2RxD
signal.

Performance

MC68HC708AS48 — Rev. 2.0

The performance of the digital filter is best described in the time
domain rather than the frequency domain.

If the signal on the CL2RxD 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 (fpqic)) is
1.0486 MHz, then the period (tyqc)) 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 CL2RxD signal depends on the
characteristics of the noise itself. Narrow noise pulses on the CL2RxD
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 may 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.
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20.7.2 J1850 Frame Format

All messages transmitted on the J1850 bus are structured using the
format:

OPTIONAL

PRIORITY

IDLE | SOF (Data0)

MESSAGE

ID (DATA1) IFR EOF

oom
nm-—-

DATA CRC IDLE

Figure 20-14. J1850 Bus Message Format (VPW)

J1850 states that each message has a maximum length of 101 bit times
or 12 bytes (excluding SOF, EOD, NB, and EOF).

SOF — Start of Frame Symbol

All messages transmitted onto the J1850 bus must begin with an 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, 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 8 bits in length
and is transmitted MSB to LSB.
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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+X?+1. The
remainder polynomial initially is set to all ones. Each byte in the
message after the 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 EOD symbols but
including the CRC byte, are used to check the CRC. If the message

is error free, the remainder polynomial will equal X7 +X64+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 register.

EOD — End of Data Symbol

The EOD symbol is a short 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.

EOF — End-of-Frame Symbol

MC68HC708AS48 — Rev. 2.0

This symbol is a passive period on the J1850 bus and is longer than
an EOD symbol, which signifies the end of a message. Since an EOF
symbol is longer than an EOD 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.
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IFS — Inter-Frame Separation Symbol

The IFS symbol is a passive period on the J1850 bus which allows

proper synchronization between nodes during continuous message
transmission. The IFS symbol is transmitted by a node following the
completion of the EOF 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 an SOF, 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 (initiate transmission) occurred on or before 104-
thgic 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- t,q,c 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.
Receivers must synchronize to any SOF occurring during an IFS
period to allow for individual clock tolerances.

BREAK — Break

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. The BDLC cannot transmit a BREAK symbol. If while
receiving a message the BDLC detects a BREAK symbol, it treats the
BREAK as a reception error and sets the invalid symbol flag. 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. The RX4XE bit in BCR2 is cleared
automatically upon reception of the BREAK symbol.
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IDLE — Idle Bus

An idle condition exists on the bus during any passive period after
expiration of the IFS period. Any node sensing an idle bus condition
can begin transmission immediately.

20.7.3 J1850 VPW Symbols

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, active or passive. Active and
passive bits are used alternately.

Each logic one or logic zero contains a single transition and can be at
either the active or passive level and one of two lengths, either 64 ms or
128 ms (Tnowm at 10.4 kbps baud rate), depending upon the encoding of
the previous bit. The SOF, EOD, EOF and IFS symbols will always be
encoded at an assigned level and length. See Figure 20-15 .

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 one or a logic zero.

All VPW bit lengths stated in the following descriptions are typical values
at a 10.4 kbps bit rate.
Logic Zero

A logic zero is defined as either an active-to-passive transition
followed by a passive period 64 ms in length, or a passive-to-active
transition followed by an active period 128 ms in length (Figure 20-
15(a)).

Logic One
A logic one is defined as either an active-to-passive transition
followed by a passive period 128 ms in length or a passive-to-active
transition followed by an active period 64 ms in length (Figure 20-
15(b)).

NB — Normalization Bit

The NB symbol has the same property as a logic one or a logic zero.

MC68HC708AS48 — Rev. 2.0
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ACTIVE

PASSIVE

ACTIVE

PASSIVE

ACTIVE
[ 128 ps \ OR 64 ps
PASSIVE
LOGICO
(A)
ACTIVE
l 128 ps [ OR 64 ps
PASSIVE
LOGIC 1
(B)
T 200 ps l l 200 ps 1
START OF FRAME END OF DATA
© (®)]
l 280 ps [ =240 ps
END OF FRAME BREAK

(E)

Figure 20-15. J1850 VPW Symbols

SOF — Start of Frame Symbol

(F)

The SOF symbol is defined as passive-to-active transition followed by
an active period 200 ms in length (Figure 20-15(c) ). This allows the
data bytes which follow the SOF symbol to begin with a passive bit,

regardless of whether it is a logic one or a logic zero.

EOD — End of Data Symbol

The EOD symbol is defined as an active-to-passive transition
followed by a passive period 200 ms in length (Figure 20-15(d) ).
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EOF — End of Frame Symbol

The EOF symbol is defined as an active-to-passive transition followed
by a passive period 280ms in length (Figure 20-15(e) ). If no IFR byte
is transmitted after an EOD symbol is transmitted, after another 80 ms
the EOD becomes an EOF, indicating the completion of the message.

IFS — Inter-Frame Separation Symbol

The IFS symbol is defined as a passive period 300 ms in length. The
IFS symbol contains no transition, since when used it always follows
an EOF symbol.

BREAK — Break Signal

The BREAK signal is defined as a passive-to-active transition
followed by an active period of at least 240 ms (Figure 20-15(f) ).

20.7.4 J1850 VPW Valid/Invalid Bits and Symbols

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
eqgual 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
(thaic), an apparent separation in these maximum time/minimum time
concurrences equal to one cycle of t,q. 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 has varying oscillator frequencies.

In VPW bit encoding, the tolerances for both the passive and active data
bits and the symbols are defined with no gaps between definitions. For
example, the maximum length of a passive logic zero is equal to the

minimum length of a passive logic one, and the maximum length of an
active logic zero is equal to the minimum length of a valid SOF symbol.
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200 ps |
128 ps |

<— 64ps %|

ACTIVE — ] o (1) Invalid Passive

Bit

PASSIVE

ACTIVE — (2) Valid Passive

Logic Zero

PASSIVE

ACTIVE —— (3) Valid Passive

Logic One

PASSIVE

ACTIVE — |

(4) Valid EOD
Symbol

PASSIVE

Figure 20-16. J1850 VPW Passive Symbols

Invalid Passive Bit

If the passive-to-active 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. See Figure
20-16(1).

Valid Passive Logic Zero

If the passive-to-active transition beginning the next data bit or symbol
occurs between a and b, the current bit would be considered a logic
zero. See Figure 20-16(2) .

Valid Passive Logic One

If the passive-to-active transition beginning the next data bit or symbol
occurs between b and c, the current bit would be considered a logic
one. See Figure 20-17(3) .
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Valid EOD Symbol

If the passive-to-active transition beginning the next data bit or symbol
occurs between ¢ and d, the current symbol would be considered a
valid EOD symbol. See Figure 20-17(4) .

ACTIVE —

300 pis |

< 280 ps ‘

(1) Valid EOF
Symbol

PASSIVE

ACTIVE —

(2) Valid EOF+
IFS Symbol

PASSIVE

Figure 20-17. J1850 VPW EOF and IFS Symbols

Valid EOF and IFS Symbol

MC68HC708AS48 — Rev. 2.0

In Figure 20-17(1) , if the passive-to-active transition beginning the
SOF symbol of the next message occurs between a and b, the current
symbol will be considered a valid EOF symbol. If the passive-to-active
transition beginning the SOF symbol of the next message occurs
between c and d, the current symbol will be considered a valid EOF
symbol followed by a valid IFS symbol. See Figure 20-17(2) . 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.
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Idle Bus

If the passive-to-active transition beginning the 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.
200 s |
128 ps '
[<— 64 pus %|
ACTIVE
(1) INVALID ACTIVE BIT
PASSIVE —— ‘
a
ACTIVE
(2) VALID ACTIVE LOGIC ONE
PASSIVE —— AR
a b
ACTIVE
(3) VALID ACTIVE LOGIC ZERO
PASSIVE ——
b c
ACTIVE
l (4) VALID SOF SYMBOL
PASSIVE ——

Figure 20-18. J1850 VPW Active Symbols

Invalid Active Bit

If the active-to-passive 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. See Figure
20-18(1).

Valid Active Logic One

If the active-to-passive transition beginning the next data bit or symbol
occurs between a and b, the current bit would be considered a logic
one. See Figure 20-18(2) .
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Valid Active Logic Zero

If the active-to-passive transition beginning the next data bit or symbol
occurs between b and c, the current bit would be considered a logic
zero. See Figure 20-18(3) .

Valid SOF Symbol

If the active-to-passive transition beginning the next data bit or symbol
occurs between ¢ and d, the current symbol would be considered a
valid SOF symbol. See Figure 20-18(4) .

240 ps |

ACTIVE
l (2) VALID BREAK SYMBOL

PASSIVE —

Figure 20-19. J1850 VPW BREAK Symbol

Valid BREAK Symbol

If the next active-to-passive transition does not occur until after e, the
current symbol will be considered a valid BREAK symbol. A BREAK
symbol should be followed by an SOF symbol beginning the next
message to be transmitted onto the J1850 bus. See Figure 20-19 .

20.7.5 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,
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message arbitration will occur beginning with the first bit after the SOF
symbol and continue with each bit thereafter.

The VPW symbols and J1850 bus electrical characteristics are chosen
carefully so that a logic zero (active or passive type) will always
dominate over a logic one (active or passive type) simultaneously
transmitted. Hence logic zeroes are said to be dominant and logic ones
are said to be recessive.

Whenever a node detects a dominant bit when it transmitted a recessive
bit, it loses arbitration, and immediately stops transmitting. This is known
as bitwise arbitration.

4“COPE1l P 1 1> TRANSMITTER A DETECTS

AN ACTIVE STATE ON

/ THE BUS AND STOPS

TRANSMITTING

COPELlPe— | —Pe— 0 —PE0P

TRANSMITTER B WINS
ARBITRATION AND
CONTINUES
TRANSMITTING

“0PEC1lPE— 1 —>¢— 0 —>40>

P

0 DATA 4IBATA DATA DATA DATé>
F <EITI> BIT 2 BIT 3 BIT 4 BIT5

Figure 20-20. J1850 VPW Bitwise Arbitrations

During arbitration, or even throughout the transmitting message, when
an opposite bit is detected, transmission is immediately stopped unless
it occurs on the 8th bit of a byte. In this case the BDLC will automatically
append up to two extra 1 bits and then stop transmitting. These two extra
bits will be arbitrated normally and thus will not interfere with another
message. The second 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 ones will not corrupt the current message. However, if the BDLC
has lost arbitration due to noise on the bus, then the two extra ones will
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ensure that the current message will be detected and ignored as a noise-
corrupted message.

Since a zero dominates a one, 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.

20.8 Low-Power Modes

The following application notes concern stop mode and wait mode.

20.8.1 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 BCR register 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 receive correctly the byte 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.

When BDLC stop mode is entered and the on-board analog transceiver
is selected in the BARD register (assuming an on-board analog
transceiver exists on the MCU), the analog circuitry within the transmitter
will be put into a power conserving sleep mode. In BDLC stop mode the
BDLC can neither do wave shaping nor drive any data. Therefore,
ensuring that all transmissions are complete or aborted before putting
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20.8.2 Wait Mode

the BDLC into BDLC stop mode is important when using an on-board
analog transceiver.

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.

This power-conserving mode is entered automatically from the run mode
whenever the CPU executes a WAIT instruction and the WCM bit in the
BCR register is previously clear.

A subsequent successfully received message, including one that is in
progress at the time that this mode is entered, will cause the BDLC to
wake up and generate a CPU interrupt request if the Interrupt Enable
(IE) bit in the BCR register is previously set. 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.

When BDLC wait mode is entered and the on-board analog transceiver
is selected in the BARD register (assuming an on-board analog
transceiver exists on the MCU), the analog circuitry within the transmitter
will be put into a power-conserving sleep mode. In BDLC wait mode, the
BDLC can neither do wave shaping nor drive any data. Therefore,
ensuring that all transmissions are complete or aborted before putting
the BDLC into wait mode is important when using an on-board analog
transceiver.
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21.2 Maximum Ratings

NOTE:

NOTE:

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 12.5 DC Electrical Characteristics  for guaranteed
operating conditions.
Rating Symbol Value Unit
Supply Voltage Vpp -0.3t0 +7.0 \%
VSS -0.3to VDD
Input Voltage VN +0.3 \
Current Drain Per Pin Excluding Vpp | o5 mA
and Vgg
Storage Temperature Tsro -55to +150 °C
Write/Erase Cycles (@10 ms write
time and —40°C, +25°C, +85°C) 10,000 Cycles
Data Retention EPROM and EEPROM 10 vears
(EEPROM after 10,000 cycling.)
Programming Voltage Vpp 15 \%

NOTE: Voltages are referenced to Vgs.

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
maximum-rated voltages to this high-impedance circuit. For proper
operation, it is recommended that V| and V1 be constrained to the
range Vgs < (Vi or Voyt) < Vpp. Reliability of operation is enhanced if
unused inputs are connected to an appropriate logic voltage level (for

example, either Vs or Vpp.)
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21.3 Operating Temperature Range

General Release Specification
Operating Temperature Range

Rating Symbol Value Unit
Operating Temperature Range T to Ty
MC68HC708AS48 (Standard) 0to +70
MC68HC708AS48 (Extended) Ta —-40 to 85 °C
MC68HC708AS48 (Extended) —40 to 105
MC68HC708AS48 (Extended) -40to +125
Operating Voltage Range Vp 5.0+ 10% \%
21.4 Thermal Characteristics
Characteristic Symbol Value Unit
Thermal Resistance
PLCC (52 Pins) G 50 °CIW
QFP (64 Pins) 50
MC68HC708AS48 — Rev. 2.0
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21.5 DC Electrical Characteristics (see Note 1)

Characteristic Symbol Min Typ Max Unit
Om(?féggzh—\{)o.gargi) All Ports Vou | Voo—08 | — - v
OUt(Fl):J; ALDO z Y%t?ng:) All Ports VoL - - 0.4 v
Inp;\tllHPig?tg,/ol:;_ag,eWH osc1 Vi 0.7xVop | — Voo v
Input Low Voltage Vi Vas L 0.3 X Vpp Vv

All Ports, IRQ, RESET, OSC1

EPROM Programming Voltage Vpp 12 13 14 \%
EPROM Programming Current (1 Byte) Ipp — 5 8 mA
Vpp + Vppa Supply Current (see Notes 2—7) .
Run . 19 38
Wait 8 16
Stop
25 °C ‘oo _ 15 3 mA
0 °Cto +70 °C (Standard) . 2 4
—40 °C to +85 °C (Extended) . 3 6
—-40°Cto +125°C 3 6
I/O Ports Hi-Z Leakage Current I - - +10 HA
Input Current (IRQ1/Vpp, PTD2/ATD10, OSC1) N - - +1 HA
Capacitance (see Note 8) CouT — — 12 =
Ports (As Input or Output) Cin — — 8 P
Low-Voltage Reset Inhibit Vivii 3.7 3.9 4.1 \Y
Low-Voltage Reset Recover Vivir 3.9 4.1 4.3 \%
Low-Voltage Reset Inhibit/Recover Hysteresis Hovi 100 — 500 mV
NOTES:
1. Vpp = 5.0 Vdc = 10%, Vg5 = 0 Vdc, T, =—40 °C to +125 °C, unless otherwise noted.
2. Typical values at midpoint of voltage range, 25 °C.
3. All values shown reflect average measurements.
4. Run (Operating) Ipp, Wait Ipp: Measurement using external square wave clock source to OSC1 (s = 4.2 MHZ),

all inputs 0.2 Vdc from rail; no DC loads, less than 50 pF on all outputs, C, = 20 pF on OSC2, PLL disabled.
Wait, Stop Ipp: All ports configured as inputs, V, = 0.2 Vdc, V|4 = Vpp —0.2 Vdc, PLL disabled.

Stop Ipp measured with OSC1 = Vgg.

Wait Ipp is affected linearly by the OSC2 capacitance.

Not Tested / Guaranteed by Design

© N’
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21.6 Control Timing (see Note 1)

General Release Specification

Control Timing

Characteristic Symbol Min Max Unit

Bus Operating Frequency (4.5-5.5 V — Vpp Only) feus — 4.2 M Hz
RESET Pulse Width Low trL 1.5 — teye
IRQ Interrupt Pulse Width Low (Edge-Triggered) ty i 1.5 — teve
IRQ Interrupt Pulse Period tiLIL Note 3 — teye
EPROM Programming Time per Byte tepaMm 0.1 1 ms
EEPROM Programming Time per Byte teEPGM 10 — ms
EEPROM Erasing Time per Byte teBYTE 10 — ms
EEPROM Erasing Time per Block teBLOCK 10 — ms
EEPROM Erasing Time per Bulk tEBULK 10 — ms
EEPROM Programming Voltage Discharge Period tEEEPY 10 — ms
16-Bit Timer (see Note 2)

Input Capture Pulse Width trp b TBD - ns

Input Capture Period triTe Note 3 - teye

NOTES:

1. Vpp =5.0Vdc +10%, Vgg =0 Vdc, T, =—-40°C to +125°C, unless otherwise noted.

2. The 2-bit timer prescaler is the limiting factor in determining timer resolution.

3. The minimum period ty 1, or t; ;. should not be less than the number of cycles it takes to execute the capture interrupt

service routine plus TBD tcyc.
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21.7 ADC Converter Characteristics (see Note 1)

CTSHSTE TNCI S NS of<Tedli[or=Vi[e AN ADC Converter Characteristics

Characteristic Min Max Unit Comments
Resolution 8 8 Bits
Absolute Accuracy 1 1 LSB IncIL_Jdeg
(VRerL =0V, Vppa = VREFH =5 V £ 10%) Quantization
Conversion Range VREFL VREFH \Y, VRerL = Vssa
Power-Up Time 16 17 us Convgjg& Time
Inlgg:tlgeslgar\]%e D(see Note 3) . +10 UA
Includes Sampling
Conversion Time 16 17 us Time Based on
1 MHz ADC Clock
Monotonicity Inherent (Within Total Error)
Zero Input Reading 00 01 Hex VN = VREEL
Full-Scale Reading FE FF Hex VN = VREFH
Sample Time (see Note 2) 5 - Cycles 1 MHz clock
Input Capacitance — 8 pF Not Tested
ADC Internal Clock 500 k 1.048 M Hz Tested only at 1 MHz
Analog Input Voltage VREFL VREEH \

NOTES:

1. VDD =5.0Vdc+ 10%, VSS =0 VdC, VDDA/VDDAREF =5.0Vdc + 10%, VSSA =0 VdC, VREFH =5.0 Vdc + 10%
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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Serial Peripheral Interface (SPI) Timing

21.8 Serial Peripheral Interface (SPI) Timing (see Note 1)

Num Characteristic Symbol Min Max Unit
Opeating Frequency
Master for(u) dc fop/2 MHz
Slave for(s) dc fop
Cycle Time
1 Master teveqv) 2 — teve
Slave tCYC(S) 1 —
Enable Lead Time
2 Master tLeAD(M) Note 2 — ns
Slave tiean(s) 240 —
Enable Lag Time
3 Master tLac(v) Note 2 — ns
Slave tLAG(S) 240 —
Clock (SCK) High Time
4 Master ty(sckrm 200 — ns
Slave ty(scrr)s 100 —
Clock (SCK) Low Time
5 Master ty(sckum 200 — ns
Slave tW(SCKL)S 100 —
Data Setup Time (Inputs)
6 Master tsu(v) 50 — ns
Slave tsy(s) 50 —
Data Hold Time (Inputs)
7 Master thov) 50 — ns
Slave tH(S) 50 —
Slave Access Time (Time to Data Active from
8 High-Impedance State) ta 0 120 ns
9 Slave Disable Time (Hold Time to High-Impedance State) tois — 120 ns
Data Valid
10 Master (Before Capture Edge) ty(m) 0.25 — teveu)
Slave (After Enable Edge) (see Note 3) ty(s) — 120 ns
Data Hold Time (Outputs)
11 Master (After Capture Edge) tho(v) 0.25 — teve(u)
Slave (After Enable Edge) tho(s) 0 — ns
Rise Time (20% Vp, to 70% Vy,, C, = 200 pF)
12 SPI Outputs (SCK, MOSI, and MISO) tam — 100 ns
SPI Inputs (SCK, MOSI, MISO, and SS) trs — 2 VES
Fall Time (70% Vpp to 20% Vpp, C, = 200 pF)
13 SPI Outputs (SCK, MOSI, and MISO) tem — 100 ns
SPI Inputs (SCK, MOSI, MISO, and SS) tes — 2 us
NOTES:

1. Vpp=5.0Vdc +10%; Vg =0 Vdc, T, =—40 to +85 °C, unless otherwise noted. Refer to Figure 21-1 and
Figure 21-2 for timing diagrams.

2. Signal production depends on software.

3. Assumes 200 pF load on all SPI pins
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SS —
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NOTE: This first clock edge is generated internally, but is not seen at the SCK pin.

a) SPI Master Timing (CPHA = 0)
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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)
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Figure 21-1. SPI Master Timing Diagram
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NOTE: Not defined but normally MSB of character just received.

a) SPI Slave Timing (CPHA = 0)

SS /_
(NPUT) X N /
SCK (CP(ICIJ\ILPTJ % Jii \‘4—@—: / X /—\L
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NOTE: Not defined but normally LSB of character previously transmitted.

a) SPI Slave Timing (CPHA = 1)

Figure 21-2. SPI Slave Timing Diagram
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21.9 BLDC Transmitter DC Electrical Characteristics (see Note 1)

Characteristic Symbol Min Max Unit
CL2TxD Output Low Voltage
V — 0.4 \%
(IcLotx = 1.6 MA) oLTX
CL2TxD Output High Voltage
V Vpp —0.8 — Y,
(IcLoTx = —800 pA) OHTX DD
NOTE:
1.Vpp = 5.0 Vdc = 10%, Vg5 = 0 Vdc, T, = —40°C to +125°C, unless otherwise noted.
21.10 BLDC Receiver DC Electrical Characteristics (see Note 1)
Characteristic Symbol Min Max Unit
CL2RxD Input Low Voltage ViLRX Vss 0.3 x Vpp
CL2RxD Input High Voltage VIHRX 0.7 X Vpp Vpop
CL2RxD Input Low Current
(CL2Rx = Vpp) liLcLerx -1 +1 HA
CL2RxD Input High Current
(CL2Rx =0 V) liHcL2RX -1 +1 HA
NOTE:

1.Vpp = 5.0 Vdc = 10%, Vg5 = 0 Vdc, T, = —40°C to +125°C, unless otherwise noted.
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21.11 BLDC Receiver VPW Symbol Timings (see Notes 1 and 2)

Characteristic Number Symbol Min Typ Max Unit

Passive logic 0 10 tirup1 34 64 96 us
Passive logic 1 11 tiryp2 96 128 163 Us
Active logic 0 12 tirval 96 128 163 1S
Active logic 1 13 tirvaz 34 64 96 ps
Start of Frame (SOF) 14 tirvas 163 200 239 Us
End of Data (EOD) 15 tirvp3 163 200 239 Hs
End of Frame (EOF) 16 tirva 239 280 320 ps
Break 18 tirve 280 300 -- Us
NOTES:

1. fgpLc =1.048576 MHz, Vpp=5.0 V £10%, Vgg = 0 V + 10%.
2. The receiver symbol timing boundaries are subject to an uncertainty of 1 tgp, ¢ Hs due to sampling considerations.

\__

®4—@ ®
\___/ \
N
\
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Figure 21-3. BDLC Variable Pulse Width Modulation (VPW) Symbol Timing
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Appendix A. CGM Electrical Information

A.1 Contents

Al Introduction . ....... ... 357
A.2 CGMOperatingConditions . ..............iiiein.. 358
A.3 CGM Component Information ........................ 358
A.4  CGM Acquisition/Lock Time Information ................ 359

A.2 Introduction

This appendix provides preliminary electrical information for the clock
generator module (CGM).

NOTE: Motorola cannot guarantee the values shown in this appendix.
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A.3 CGM Operating Conditions

Characteristic Symbol Min Typ Max Comments
Operating Voltage Vb 45V — 55V
Crystal Reference Frequency freLk — 4.194 MHz —
Module Crystal Reference feeLk . 4.194 MHz . Same Frequency as
Frequency freLk
. i Crystal Oscillator
Crystal Oscillator Startup Time toxon — TBD teye Startup Time
Stop Recovery Startup Time
(Crystal Oscillator Option) ¢ . TBD t SEFC}&ETE:?V(SE:;I Startup
Consult Crystal Manufacturer's ILCH cyc = (LTystal
Oscillator Option)
Data
Range Nom. Multiplier (MHz) fnom — 4.194 — 4.0-5.5V V; only
VCO Center-of-Range Frequency furs 4.194 . 320 4.0-5.5V/ Vg only
(MHz)
VCO Operating Frequency fVCLK fVRSMlN — fVRSMAX
A.4 CGM Component Information
Description Symbol Min Typ Max Comments
. Consult Crystal
Crystal Load Capacitance CL — — — Manufacturer's Data
. . Consult Crystal
Crystal Fixed Capacitance C1 — 2xCL — Manufacturer's Data
. . Consult Crystal
Crystal Tuning Capacitance C2 — 2xCL — Manufacturer's Data
: : CracT X
Filter Capacitor Ce — — See 8.5.3
(VooalfxcLk)
CBYP must provide
low AC impedance
Bypass Capacitor Cgyp — 0.1 pF — from f = fxcLk/100 to

100 x fycLk, SO series
resistance must be
considered.
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A.5 CGM Acquisition/Lock Time Information

Description Symbol Min Typ Max Notes
. If Cg chosen
Manual Mode Time to Stable taco — (8 X Vppa)/(fxcLk X Kacq) — correctly
. If Ce chosen
Manual Stable to Lock Time taL — (4 X Vppa) (fxcLk X Krr) — coFrrectIy
Manual Acquisition Time tLock — tacottaL —
Tracking Mode Entry 0
Frequency Tolerance Drre 0 +3.6%
Acquisition Mode Entry o o
Frequency Tolerance Dunt +6.3% o £7.2%
LOCK Entry Freq. Tolerance DL ock 0 — +0.9%
LOCK Exit Freq. Tolerance DunL +0.9% — +1.8%
Reference Cycles per
Acquisition Mode NACQ — 32 —
Measurement
Reference Cycles per
Tracking Mode NTRK — 128 —
Measurement
Automatic Mode Time to If Cg chosen
Stable taco | Naco/fxcik | (8 X Vppa)(fxcik X Kacg) correctly
Automatic Stable to Lock If Ce chosen
Time taL nrri/fxcik | (4 X Vppa)/(fxcLk X Krr) — coFrrectIy
Automatic Lock Time fLock — tACQ+tAL —
PLL Jitter (Deviation of * (ferys) _
Average Bus Frequency 0 — X (.025%) ?q:JI:/%GOBfIr\Je'Ig).
over 2 ms) X (N/4) '
NOTES:

1. GBNT — guaranteed but not tested
2. Vpp =5.0 Vdc + 10%, Vgg = 0 Vdc, T, = -40°C to +125°C, unless otherwise noted.
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