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1.2 Introduction

1.3 Features
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The MC68HC908TV24 is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUSs). All MCUs in the
family use the enhanced M68HCO08 central processor unit (CPUO08) and
are available with a variety of modules, memory sizes and types, and
package types.

This part contains an embedded on-screen display module and a
closed-caption controller, making it highly suitable for use as a low-cost
TV or VCR microcontroller.

For convenience, features of the MC68HC908TV24 have been
organized to reflect:

» Standard features
* Television application-specific features

e CPUO0S8 features

1.3.1 Standard Features

Advance Information

* High-performance M68HCO08 architecture

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

* 8-MHz internal bus frequency
o 24 Kbytes of on-chip FLASH memory
* 608 bytes of on-chip random-access memory (RAM)

e 21 general-purpose input/output (1/0O) pins

MC68HC908TV24 — Rev. 2.1
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General Description
Features

« FLASH program memory security!
» System protection features:
— Optional computer operating properly (COP) reset

— Low-voltage detection with optional reset and selectable trip
points for 3.0-V and 5.0-V operation

— lllegal opcode detection with reset

— lllegal address detection with reset
* Low-power design; fully static with stop and wait modes
» Standard low-power modes of operation:

— Wait mode

— Stop mode

e 16-bit, 2-channel timer interface module (TIM) with selectable
input capture, output compare, and pulse-width modulation
(PWM) capability on each channel

« BREAK module (BRK) to allow single breakpoint setting during
in-circuit debugging

» Clock generator module with on-chip 32-kHz crystal compatible
PLL (phase-lock loop)

* Timebase module with clock prescaler circuitry for eight user
selectable periodic real-time interrupts with active clock source
during stop mode for periodic wakeup from stop using an external
32-kHz crystal

* Master reset pin and power-on reset (POR)
» 52-pin plastic quad flat pack (PQFP)

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

MC68HC908TV24 — Rev. 2.1 Advance Information
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1.3.2 Television Application-Specific Features

Advance Information

On-screen display (OSD) controller

Works with either 525- or 625-line systems

Pixel matrix FLASH memory capable of storing 192 9 x 13
closed-caption characters and 128 12 x 18 on-screen display
characters

16 rows by 34 columns in closed-caption mode
12 rows by 24 columns in on-screen display mode

Software selectable attributes: 16 foreground and background
colors, black outline, 3D-shadow, underline, and italics

Two foreground colors are possible in one character by the use
of backspace overlaying of two characters

Three on-screen display (OSD) character sizes selectable on
a row by row basis:
(1x1),(15x2),and (2x2)

Programmable vertical and horizontal position
Software controlled features: soft scrolling and blinking
Support for video muting

Outputs: R, G, B, I, and FBKG, all with software programmable
polarities

Closed-caption data slicer (DSL):

FCC/EIA-744 V-chip compatible

FCC/EIA-608 line 21 format data extraction on both field 1 and
field 2

Software programmable line selection (lines 14 to 29)
Hardware parity checking

Software programmable data slicing level

Serial synchronous interface (SSI) — Two independent data ports
with single master 1°C compatibility (both ports cannot be used
simultaneously)

Analog-to-digital converter (ADC) — 4-bits resolution

MC68HC908TV24 — Rev. 2.1
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1.3.3 CPUO8 Features

General Description
MCU Block Diagram

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

Efficient C language support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC908TV24.

MC68HC908TV24 — Rev. 2.1
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General Description
Pin Assignments

1.5 Pin Assignments
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1.6 Pin Functions

Descriptions of the pin functions are provided here.

1.6.1 Power Supply Pins (Vpp and Vgs)

Advance Information

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

Fast signal transitions on MCU pins place high, short-duration current
demands on the power supply. To prevent noise problems, take special
care to provide power supply bypassing at the MCU as Figure 1-3
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.

MCU
Vbp Vss
[
[
C1
0.1 pF
It
I\
Cc2
O =
Vbp

Note: Component values shown represent typical applications.

Figure 1-3. Power Supply Bypassing

MC68HC908TV24 — Rev. 2.1
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General Description
Pin Functions

1.6.2 Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator
circuit. See Section 7. Clock Generator Module (CGMC).

1.6.3 External Reset Pin (RST)

A logic 0 on the RST pin forces the MCU to a known startup state. RST
is bidirectional, allowing a reset of the entire system. It is driven low when
any internal reset source is asserted. See Section 20. System
Integration Module (SIM).

1.6.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. See Section 14. External
Interrupt (IRQ).

1.6.5 CGM Power Supply Pins (Vppcem and Vsscem)

Vppcom and Vggegm are the power supply pins for the analog portion of
the clock generator module (CGM). Decoupling of these pins should be
as per the digital supply. See Section 7. Clock Generator Module
(CGMC).

1.6.6 External Filter Capacitor Pin (CGMXFC)

CGMXFC is an external filter capacitor connection for the CGM. See
Section 7. Clock Generator Module (CGMC).

1.6.7 Power Supply Pins for On-Screen Display (Vpposp and Vssosp)

Vpposp and Vggosp are the power supply and ground pins for the
analog part of the on-screen display module (OSD). Decoupling of these
pins should be as per the digital supply. See Section 17. On-Screen
Display Module (OSD).

MC68HC908TV24 — Rev. 2.1 Advance Information
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General Description

1.6.8 External Filter Pins for On-Screen Display (OSDVCO and OSDPMP)

OSDVCO and OSDPMP are two external filter pins used by the PLL that
extracts the OSD clock from the horizontal sync signal. See Section 17.
On-Screen Display Module (OSD).

1.6.9 Synchronism Signals (HSYNC and VSYNC)

These are two input-only pins used by the on-screen display module to
synchronize to the television signal. These pins contain internal Schmitt
triggers to improve noise immunity. See Section 17. On-Screen
Display Module (OSD).

1.6.10 Color Encoded Pixel Signals (R, G, B, and I)

These are the red, green, blue and intensity output signals from the
on-screen display module. See Section 17. On-Screen Display
Module (OSD).

1.6.11 Fast Blanking Signal (FBKG)

FBKG is an output pin of the on-screen display module. It is used to
blank the TV video when a pixel is being outputted on the R, G, B, and |
pins. See Section 17. On-Screen Display Module (OSD).

1.6.12 Serial Synchronous Interface Clocks (SCL1 and SCL2)

SCL1 and SCL2 are open-drain I/O pins. They are the bidirectional clock
lines of the serial synchronous interface module. See Section 21. Serial
Synchronous Interface Module (SSI).

1.6.13 Serial Synchronous Interface Data Lines (SDA1 and SDA2)

SDA1 and SDA2 are open-drain I/O pins. They are the bidirectional data
lines of the serial synchronous interface module. See Section 21. Serial
Synchronous Interface Module (SSI).

Advance Information MC68HC908TV24 — Rev. 2.1
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General Description
Pin Functions

1.6.14 Video Input (VIDEO)

This input-only analog pin is the composite base-band video input signal
for the data slicer module. See Section 8. Closed-Caption Data Slicer
(DSL).

1.6.15 A/D Converter Input (ADCIN)

This is the analog input to the analog-to-digital converter module. See
Section 5. Analog-to-Digital Converter (ADC4).

1.6.16 Timer I/O Pins (TCH1 and TCHO)

These pins are used by the timer interface module. They can be
programmed independently as input capture or output compare pins.
See Section 23. Timer Interface Module (TIM).

1.6.17 Timer External Clock Input (TCLK)

This is an external clock input for the timer module that can be used
instead of the prescaled internal bus clock. See Section 23. Timer
Interface Module (TIM).

1.6.18 Port A 1/O Pins (PTA7-PTAO)

PTA7-PTAO are general-purpose, bidirectional I/O port pins. See
Section 18. Input/Output (1/0O) Ports.

1.6.19 Port B 1/O Pins (PTB7-PTBO)

PTB7—-PTBO are general-purpose, bidirectional I/O port pins. See
Section 18. Input/Output (1/0O) Ports.

MC68HC908TV24 — Rev. 2.1 Advance Information
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General Description

1.6.20 Port C 1/O Pins (PTC4-PTCO)

PTC4-PTCO are general-purpose, bidirectional I/O port pins. See
Section 18. Input/Output (I/O) Ports.

1.6.21 Scan Enable (SCANEN)

This pin is used only during production test and should be connected to
Vgg in all user applications.

NOTE: Any unused inputs and I/O ports should be tied to an appropriate logic
level (either Vpp or Vgg). Although the 1/O ports of the
MC68HC908TV24 do not require termination, termination is
recommended to reduce the possibility of static damage.

Advance Information MC68HC908TV24 — Rev. 2.1
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Advance Information — MC68HC908TV24

Section 2. Memory Map

2.1 Contents

2.2 Introduction. . ... . 41
2.3 Unimplemented Memory Locations ..................... 41
2.4 Reserved Memory Locations .............. ... .. ...... 42
2.5 Input/Output (I/O) Section. . . ......... ... . ... 42

2.2 Infroduction

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

o 24,064 bytes of user FLASH memory

* 8 Kbytes of on-screen display (OSD) FLASH memory
* 608 bytes of random-access memory (RAM)

» 22 bytes of user-defined vectors

* 240 bytes of monitor read-only memory (ROM)

2.3 Unimplemented Memory Locations

Accessing an unimplemented location can cause an illegal address
reset if illegal address resets are enabled. In the memory map
(Figure 2-1) and in register figures in this document, unimplemented
locations are shaded.

MC68HC908TV24 — Rev. 2.1 Advance Information
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Memory Map

2.4 Reserved Memory Locations

Accessing a reserved location can have unpredictable effects on MCU
operation. In Figure 2-1 and in register figures in this document,
reserved locations are marked with the word Reserved or with the
letter R.

2.5 Input/Output (I/0) Section

Addresses $0000-$004F, shown in Figure 2-2, contain most of the
control, status, and data registers. Additional input/output (I/O) registers
have these addresses:

* $FEOO; SIM break status register, SBSR

* $FEO1; SIM reset status register, SRSR

e S$FEO02; reserved, SUBAR

» $FEO03; SIM break flag control register, SBFCR

» $FEO04; interrupt status register 1, INT1

* $FEO5; interrupt status register 2, INT2

* $FEO06; reserved, FL1TCR

* $FEO7; user FLASH control register, FLICR

e $FEO08; reserved, FL2TCR

» $FE09; OSD FLASH control register, FL2CR

* $FEOA; OSD output control register, OSDOCR

» $FEOB; OSD enable control register, OSDECTR

* $FEOC; break address register high, BRKH

* $FEOD; break address register low, BRKL

* $FEOE; break status and control register, BRKSCR

» $FEOF; LVI status register, LVISR

* $FF80; user FLASH block protect register, FL1BPR
* $FF81; OSD FLASH block protect register, FL2ZBPR
* $FFFF; COP control register, COPCTL

Table 2-1 is a list of vector locations.

Advance Information MC68HC908TV24 — Rev. 2.1
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$0000

$004F
$0050

$02AF
$02B0

$7FFF
$8000

$OFFF
$A000

$FDFF
$FE00
$FEO1
$FE02
$FE03
$FE04
$FE05
$FE06
$FEO7
$FE08
$FE09
$FEOA
$FEOB
$FEOC
$FEOD

Memory Map

Input/Output (1/0) Section

I/0 Registers
80 Bytes

RAM
608 Bytes

Unimplemented
32,080 Bytes

OSD FLASH Memory
8,192 Bytes

User FLASH Memory
24,064 Bytes

SIM Break Status Register (SBSR)

SIM Reset Status Register (SRSR)

Reserved (SUBAR)

SIM Break Flag Control Register (SBFCR)

Interrupt Status Register 1 (INT1)

Interrupt Status Register 2 (INT2)

Reserved (FL1TCR)

User FLASH Control Register (FL1CR)

Reserved (FL2TCR)

OSD FLASH Control Register (FL2CR)

OSD Output Control Register (OSDOCR)

OSD Enable Control Register (OSDECTR)

Break Address Register High (BRKH)

Break Address Register Low (BRKL)

Figure 2-1. Memory Map
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Memory Map

$FEOE Break Status and Control Register (BRKSCR)
$FEOF LVI Status Register (LVISR)
$FE10 ]
Monitor ROM
\2 240 Bytes
$FEFF
$FF00
1 Unimplemented
128 Bytes
$FF7F
$FF80 User FLASH Block Protect Register (FL1BPR)
$FF81 OSD FLASH Block Protect Register (FL2BPR)
$FF82
1 Reserved
104 Bytes
$FFEQ
$FFEA
! FLASH Vectors
22 Bytes
$FFFF

Figure 2-1. Memory Map (Continued)
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Addr.

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

Register Name
Port A Data Register

See page 269.

Port B Data Register

See page 272.

Port C Data Register

(PTC) Write:

See page 274.

Read:
Unimplemented Write:
Reset:
Read:
(DDRA) Write:

Data Direction Register A

See page 270.

Data Direction Register B

See page 273.

Data Direction Register C

(DDRC) Write:

See page 275.

IRQ Status and Control

Register (INTSCR) Write:

See page 199.

PLL Control Register

See page 114.

PLL Bandwidth Control

See page 117.

Memory Map
Input/Output (1/0) Section

Read:
(PTA) Write:

Reset:

Read:
(PTB) Write:

Reset:

Read:

Reset:

Reset:

Read:
(DDRB) Write:

Reset:

Read:

Reset:

Read:

Reset:

Read:
(PCTL) Write:

Reset:

Read:
Register (PBWC) Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
Unaffected by reset
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
Unaffected by reset

0 0 0
PTC4 PTC3 PTC2 PTC1 PTCO
Unaffected by reset
Unaffected by reset
DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
0 0 0 0 0 0 0 0
DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
0 0 0 0 0 0 0 0
0 0 0
DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
0 0 0 0 0 0 0 0
0 0 0 0 IRQF 0
IMASK | MODE
ACK
0 0 0 0 0 0 0 0
PLLF
PLLIE PLLON BCS PRE1 PREO VPR1 VPRO
0 0 1 0 0 0 0 0
LOCK __ 0 0 0 0
AUTO ACQ R
0 0 0 0 0 0 0 0
= Unimplemented R=Reserved U=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 10)

MC68HC908TV24 — Rev. 2.1
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Memory Map

Addr.

$000A

$000B

$000C

$000D

$000E

$000F

$0010

$0011

$0012

$0013

Register Name

PLL Multiplier Select High

Register (PMSH) Write:

See page 118.

PLL Multiplier Select Low

See page 119.

PLL VCO Select Range

See page 120.

PLL Reference Divider

Select Register (PMDS) Write:

See page 121.

Configuration Register!

See page 144.

Timer Status and Control

Register (TSC) Write:

See page 337.

Timer Counter Register

High (TCNTH) Write:

See page 340.

Timer Counter Register

Low (TCNTL) Write:

See page 340.

Timer Counter Modulo

See page 341.

Timer Counter Modulo

See page 341.

Read:

Reset:

Read:
Register (PMSL) Write:

Reset:

Read:
Register (PMRS) Write:

Reset:

Read:

Reset:

Read:
(CONFIG) Write:

Reset:

Read:

Reset:

Read:

Reset:

Read:

Reset:

Read:
Register High (TMODH) Write:

Reset:

Read:
Register Low (TMODL) Write:

Bit 7 6 5 4 3 2 1 Bit 0
0 0
MUL11 | MUL10 MUL9 MULS8
0 0 0 0 0 0 0 0
MUL7 MUL6 MUL5 MUL4 MUL3 MUL2 MUL1 MULO
0 1 0 0 0 0 0 0
VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS VRS0
0 1 0 0 0 0 0 0
0 0 0 0
RDS3 RDS2 RDS1 RDS0
0 0 0 0 0 0 0 1
LVISTOP | LVISOR3'| LVIRSTD |LVIPWRD| SSREC | COPRS | STOP COPD
0 0 0 0 0 0 0 0
TOF 0 0
TOIE TSTOP PS2 PS1 PSO
0 TRST
0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0

Reset:

1

1

1

1

1

1

1

1 One-time writable register after each reset, except LVISORS3 bit. The LVISOR3 bit is only reset via POR (power-on reset).

Figure 2-2. Control, Status, and Data Registers (Sheet 2 of 10)

Advance Information

= Unimplemented

R = Reserved

U = Unaffected

X = Indeterminate
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Addr.

$0014

$0015

$0016

$0017

$0018

$0019

$001A

$001B

$001C

$001D

MC68HC908TV24 — Rev. 2.1

Register Name

Timer Channel 0 Status
and Control Register
(TSCO) See page 342.

Timer Channel 0
Register High (TCHOH)
See page 346.

Timer Channel 0
Register Low (TCHOL)
See page 346.

Timer Channel 1 Status
and Control Register
(TSC1) See page 342.

Timer Channel 1
Register High (TCH1H)
See page 346.

Timer Channel 1
Register Low (TCH1L)
See page 346.

Timebase Control
Register (TBCR)
See page 321.

OSD Horizontal Delay
Register (OSDHDR)
See page 252.

OSD Foreground Control
Register (OSDFCR)
See page 252.

OSD Background Control
Register (OSDBKCR)
See page 254.

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Memory Map
Input/Output (1/0) Section

Bit 7 6 5 4 3 2 1 Bit 0
CHOF
0 CHOIE MS0B MS0A ELSOB ELSOA TOVO | CHOMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
CH1F 0
5 CH1IE MS1A ELS1B ELS1A TOV1 | CHIMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
TBIF 0
TBR2 TBR1 TBRO TBIE TBON R
TACK
0 0 0 0 0 0 0 0
0 0 0
HD4 HD3 HD2 HD1 HDO
0 0 0 0 0 0 0 0
CHHS CHWS | RNDEN BOEN FGl FGR FGB FGG
0 0 0 0 0 0 0 0
BKHT SHAD1 SHADO BKS BKI BKR BKB BKG
0 0 0 0 0 0 0 0
= Unimplemented R=Reserved U=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 10)
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Memory Map

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
OSD Matrix Start Register ¢2% 0
atnx otart Register -~ pMODE | BLINK MS4 MS3 MS2 MSH1 MS0
$001E (OSDMSR) Write:
See page 263. pocer. 0 0 0 0 0 0 0 0
OSD Matrix End Register Read: 0 0 0 ME4 ME3 ME2 ME1 MEO
$001F (OSDMER) Write:
Seepage 265 pocer o 0 0 0 0 0 0 0
0SD Character 1 e2%:
aracier CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
$0020 (OSDCHAR1) Write:
See page 245. Reset: Unaffected by reset
0SD Character2 ea%:
aracter CH7 CHé CH5 CH4 CH3 CH2 CH1 CHo
$0021 (OSDCHAR2) Write:
See page 245. Reset: Unaffected by reset
0SD Character 3 ¢2%
aracte _ CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
$0022 (OSDCHAR3) Write:
See page 245. Reset: Unaffected by reset
OSD Character 4 Read:
aracte , CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
$0023 (OSDCHAR4) Write:
See page 245. Reset: Unaffected by reset
OSD Character 5 Read:
. CH7 CHé CH5 CH4 CH3 CH2 CH1 CHO
$0024 (OSDCHAR5) Write:
See page 245. Reset: Unaffected by reset
Read:
OSD Character 6 CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH! CHO
$0025 (OSDCHAR®6) Write:
See page 245. Reset: Unaffected by reset
Read:
OSD Character 7 CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH! CHO
$0026 (OSDCHAR7) Write:
See page 245. Reset: Unaffected by reset
0SD Characterg 2%
aracte _ CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
$0027 (OSDCHAR8) Write:
See page 245. Reset: Unaffected by reset
= Unimplemented R=Reserved U=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 10)
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Addr.

$0028

$0029

$002A

$002B

$002C

$002D

$002E

$002F

$0030

$0031

MC68HC908TV24 — Rev. 2.1

Register Name

0OSD Character 9
(OSDCHAR9)
See page 245.

OSD Character 10
(OSDCHAR10)
See page 245.

OSD Character 11
(OSDCHAR11)
See page 245.

OSD Character 12
(OSDCHAR12)
See page 245.

OSD Character 13
(OSDCHAR13)
See page 245.

OSD Character 14
(OSDCHAR14)
See page 245.

OSD Character 15
(OSDCHAR15)
See page 245.

OSD Character 16
(OSDCHAR16)
See page 245.

OSD Character 17
(OSDCHAR17)
See page 245.

OSD Character 18
(OSDCHAR18)
See page 245.

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 10)

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:

Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Memory Map

Input/Output (1/0) Section

Bit 7 6 5 4 3 2 1 Bit 0
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset

= Unimplemented R=Reserved U=Unaffected X =Indeterminate
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Memory Map

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
0SD Character 19 6%
aracter _ CH7 CHe CH5 CH4 CH3 CH2 CH1 CHO
$0032 (OSDCHAR19) Write:
See page 245. Reset: Unaffected by reset
0SD Character20 e
aracter . CH7 CHe6 CH5 CH4 CH3 CH2 CH1 CHo
$0033 (OSDCHAR20) Write:
See page 245. Reset: Unaffected by reset
0SD Character 21 1e3%:
aracter CH7 CHe CH5 CH4 CH3 CH2 CH1 CHo
$0034 (OSDCHAR21) Wrrite:
See page 245. Reset: Unaffected by reset
0SD Character 22 162
aracter CH7 CHe6 CH5 CH4 CH3 CH2 CH1 CHo
$0035 (OSDCHAR22) Write:
See page 245. Reset: Unaffected by reset
0SD Character 23 1%
aracter _ CH7 CHe CH5 CH4 CH3 CH2 CH1 CHO
$0036 (OSDCHAR23) Write:
See page 245. Reset: Unaffected by reset
0SD Character 24 1e3%:
aracter . CH7 CHe CH5 CH4 CH3 CH2 CH1 CHO
$0037 (OSDCHAR24) Write:
See page 245. Reset: Unaffected by reset
0SD Character 25 1%
aracter . CH7 CHe6 CH5 CH4 CH3 CH2 CH1 CHo
$0038 (OSDCHAR25) Write:
See page 245. Reset: Unaffected by reset
0SD Character 26 "¢2%
aracter . CH7 CHe6 CH5 CH4 CH3 CH2 CH1 CHo
$0039 (OSDCHAR26) Write:
See page 245. Reset: Unaffected by reset
Read:
OSD Character 27 CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH! CHO
$003A (OSDCHAR27) Write:
See page 245. Reset: Unaffected by reset
Read:
OSD Character 28 ™ CH7 CHé CH5 CH4 CH3 CH2 CH1 CHO
$003B (OSDCHAR28) Write:
See page 245. Reset: Unaffected by reset
= Unimplemented R=Reserved U=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 10)
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Addr. Register Name
OSD Character 29

See page 245.

OSD Character 30

See page 245.

OSD Character 31

See page 245.

OSD Character 32

See page 245.

OSD Character 33

See page 245.

OSD Character 34

See page 245.

OSD Vertical Delay

$0042 Register (OSDVDR) Write:

See page 251. Reset:

OSD Border Control Read:
$0043 Register (OSDBCR) Write:

See page 255. Reset:

0SD Event Line Register 1c2%
0044 (OSDELR) Wite:

See page 259. Reset:

0SD Event Count Head:
$0045 Register (OSDECR) Write:

See page 260. Reset:

Memory Map
Input/Output (1/0) Section

Read:
$003C (OSDCHAR29) Write:

Reset:

Read:
$003D (OSDCHAR30) Write:

Reset:

Read:
$003E (OSDCHAR31) Write:

Reset:

Read:
$003F (OSDCHAR32) Write:

Reset:

Read:
$0040 (OSDCHAR33) Write:

Reset:

Read:
$0041 (OSDCHAR34) Write:

Reset:

Read:

Bit 7 6 5 4 3 2 1 Bit 0
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHo
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset
CH7 CH6 CH5 CH4 CH3 CH2 CH1 CHO
Unaffected by reset

° ° VD5 VD4 VD3 VD2 VD1 VDO

0 0 0 0 0 0 0 0
BLINKEN | BOHT | VMUTE BOS BOI BOR BOB BOG

0 0 0 0 0 0 0 0
EL7 EL6 EL5 EL4 EL3 EL2 EL1 ELO

0 0 0 0 0 0 0 0
EV7 EV6 EV5 EV4 EV3 EV2 EV1 EVO

= Unimplemented

Indeterminate after reset
U = Unaffected

R = Reserved

X = Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 7 of 10)
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Memory Map

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
. Read:| ELMF | VSINF | HSYN | VSYN 0
OSD Status Register VCOTST | DSLTST | PLLTST
$0046 (OSDSR) Write:
Seepage 262. pocer 4 0 X X 0 0 0 0
DSL Character Register 1 Read: PE DA6 DA5 DA4 DA3 DA2 DA1 DAO
$0047 (DSLCHT) e
See page 135. '
Resett 0 X X X X X X X
DSL Character Register 2 Fe2%|  PE DA6 DA5 DA4 DA3 DA2 DAT DAO
$0048 (DSLCH2) Write:
Seepage 135. pocer g X X X X X X X
. Read:
DSL Control Register 1 DSIEN | DSEN | VVEN | LINE4 | LINE3 | LINE2 | LINE1 | DISCLP
$0049 (DSLCR1) Write:
Seepage 136. pocor 0 0 0 0 0 0 0 0
DSL Control Register 2 Head . VRo o oo D SYNCMP | DATCMP | BLKCMP
$004A (DSLCR2) Write:
Seepage 138. pocor 0 0 0 0 0 0 0 0
DSL Status Register 1€20:| DSFL | OVFL | FIELD] 0 CSYNC | VPDET | RICt RICO
$004B (DSLSR) Write:
Seepage 141. pocet: 0 0 0 0 X 0 0 0
SSI Control Register Read:
g , SIE SE START | STOP ACK SCHS SR1 SRO
$004C (SSICR) Write:
Seepage 313. pocer g 0 0 0 0 0 0 0
S5 Status Register Pe20 SF DCOL 0 0 0 0 0 0
$004D (SSISR) Write:
Seepage 315. pocer 0 0 0 0 0 0 0 0
SSI Data Register 639"
ata Register DA7 DA6 DA5 DA4 DA3 DA2 DA1 DAO
$004E (SSIDR) Write:
Seepage 316. pocor o 0 0 0 0 0 0 0
ADC Control and Status Read:) RESULT ADON 0 0 AD3 AD2 AD1 ADO
$004F Register (ADCCSR) Wite:
Seepage 84. pocet 0 0 0 0 0 0 0 0

= Unimplemented R=Reserved U=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 8 of 10)
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Addr. Register Name
SIM Break Status Register Read:
$FE00 (SBSR) Write:
See page 300. Reset:

Note: Writing a logic 0 clears SBSW.

SIM Reset Status Register

$FEO1 (SRSR) Write:

See page 301. POR:
Read:
Write:
Reset:
Read:
$FE03 Register (SBFCR) Write:

SIM Upper Byte Address

$FE02 Register (SUBAR)

SIM Break Flag Control

See page 3083.

Interrupt Status Register 1

$FE04 (INT1) Write:

See page 199.

Interrupt Status Register 2

$FE05 (INT2) Write:

See page 199.

Read:
$FE06 Write:

User FLASH Test Control
Register (FL1TCR)

Reset:
Read:
$FEOQ7 Register (FL1ICR) Write:

User FLASH Control

See page 173.

Read:
$FE08 Write:

OSD FLASH Test Control
Register (FL2TCR)

Reset:
OSD FLASH Control Read:
Write:

Reset:

Register (FL2CR)

$FEO09 See page 187.

Memory Map
Input/Output (1/0) Section

Read:

Reset:

Read:

Reset:

Read:

Reset:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 1 0 0 BW 0
R R R R R R Note R
0 0 0 1 0 0 0 0
POR PIN COP ILOP ILAD 0 LVI 0
1 0 0 0 0 0 0 0
R R R R R R R R
BCFE R R R R R R R
0
IF6 IF5 IF4 IF3 IF2 IF1
R R R R R R R R
0 0 0 0 0 0
0 0 0 0 0 IF9 IF8 IF7
R R R R R R R R
0 0 0 0 0 0 0 0
R R R R R R R R
0 0 0 0 0 0 0 0
FDIV1 FDIVO BLK1 BLKO HVEN | MARGIN | ERASE PGM
0 0 0 0 0 0 0 0
R R R R R R R R
0 0 0 0 0 0 0 0
FDIV1 FDIVO BLK1 BLKO HVEN | MARGIN | ERASE PGM
0 0 0 0 0 0 0 0
= Unimplemented R=Reserved U-=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 9 of 10)
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Advance Information

Freescale Semiconductor

Memory Map

53



Memory Map

Addr. Register Name

OSD Output Control

$FEOA Register (OSDOCR) Write:

See page 260.

OSD Enable Control

See page 257.

Break Address Register

See page 93.

Break Address Register

See page 93.

Break Status and Control

See page 92.

LVI Status Register

$FEOF (LVISR) Write:

See page 205.

User FLASH Block Protect

See page 182.

OSD FLASH Block Protect

See page 193.

COP Control Register

$FFFF (COPCTL) Write:

See page 150.

T Non-volatile FLASH register

Read:

Reset:

Read:
$FEOB Register (OSDECTR) Write:

Reset:

Read:
$FEOC High (BRKH) Write:

Reset:

Read:
$FEOD Low (BRKL) Write:

Reset:

Read:
$FEOE Register (BRKSCR) Write:

Reset:

Read:

Reset:

Read:
$FF80 Register (FL1BPR)T Write:

Reset:

Read:
$FF81 Register (FL2BPR)T Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
0 0
HINV VINV FDINV CINV FBINV [INV
0 0 0 0 0 0 0 0
OSDEN | ELIEN VSIEN XFER PLLEN MEM1 MEMO SCAN
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0
BRKE BRKA
0 0 0 0 0 0 0 0
LVIOUT 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
R R R R BPR3 BPR2 BPR1 BPRO
U u U U u u u U
R R R R BPR3 BPR2 BPR1 BPRO
U U U U U U U U

Read:

Low byte of reset vector

Writing clears COP counter, any value

Reset:

Unaffected by reset

= Unimplemented R=Reserved U-=Unaffected X =Indeterminate

Figure 2-2. Control, Status, and Data Registers (Sheet 10 of 10)
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Input/Output (1/0) Section

Table 2-1. Vector Addresses

Vector Priority | Vector | Address Vector
Lowest IFo $FFEA | SSI Vector (High)
$FFEB | SSI Vector (Low)
A F8 $FFEC | DSL Vector (High)
$FFED | DSL Vector (Low)
7 $FFEE | OSD Vector (High)
$FFEF | OSD Vector (Low)
F6 $FFFO | TIM Overflow Vector (High)
$FFF1 | TIM Overflow Vector (Low)
o $FFF2 | TIM Channel 1 Vector (High)
$FFF3 | TIM Channel 1 Vector (Low)
Fa $FFF4 | TIM Channel 0 Vector (High)
$FFF5 | TIM Channel 0 Vector (Low)
F3 $FFF6 | Timebase Vector (High)
$FFF7 | Timebase Vector (Low)
IF2 $FFF8 | PLL Vector (High)
$FFF9 | PLL Vector (Low)
F1 $FFFA @ Vector (High)
$FFFB | IRQ Vector (Low)
$FFFC | SWI Vector (High)
Y N $FFFD | SWI Vector (Low)
$FFFE | Reset Vector (High)
Highest - $FFFF | Reset Vector (Low)

MC68HC908TV24 — Rev. 2.1
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3.2.1 Wait Mode
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The MCU may enter two low-power modes: wait mode and stop mode.
They are common to all HCO8 MCUs and are entered through instruction
execution. This section describes how each module acts in the
low-power modes.

The WAIT instruction puts the MCU in a low-power standby mode in
which the CPU clock is disabled but the bus clock continues to run.
Power consumption can be further reduced by disabling the low-voltage
inhibit (LVI) module through bits in the configuration (CONFIG) register.
(See Section 9. Configuration Register (CONFIG).)

Stop mode is entered when a STOP instruction is executed. The CPU
clock and the bus clock are disabled but the oscillator itself does not
stop, continuing to feed clock to the timebase module.

MC68HC908TV24 — Rev. 2.1
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A/D Converter (ADC4)

3.3 A/D Converter (ADC4)

The analog-to-digital (A/D) converter module will not work in wait and
stop modes. To achieve low-power consumption, itis recommended that
the ADC4 module be disabled before entering wait or stop modes.

3.4 Break Module (BRK)

3.4.1 Wait Mode

If enabled, the break module is active in wait mode. In the break routine,
the user can subtract one from the return address on the stack if the BW
bit in the break status register is set.

3.4.2 Stop Mode

The break module is inactive in stop mode. A break interrupt causes exit
from stop mode and sets the BW bit in the break status register. The
STOP instruction does not affect break module register states.

3.5 Central Processor Unit (CPU)

3.5.1 Wait Mode
The WAIT instruction:

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

+ Disables the CPU clock
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3.5.2 Stop Mode

The STOP instruction:

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

+ Disables the CPU clock

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

3.6 Clock Generator Module (CGM)

3.6.1 Wait Mode

3.6.2 Stop Mode

Advance Information

The CGM remains active in wait mode. Before entering wait mode,
software can disengage and turn off the phase-locked loop (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.

The STOP instruction disables the PLL but the oscillator will continue to
operate.

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.

MC68HC908TV24 — Rev. 2.1
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Low-Power Modes
Closed-Caption Data Slicer Module (DSL)

3.7 Closed-Caption Data Slicer Module (DSL)

The DSL remains active during wait mode and stop mode; however, it
will be unable to interrupt the CPU and bring it out of these modes. It is
recommended that the DSL be disabled during wait mode or stop mode.

3.8 Computer Operating Properly Module (COP)

3.8.1 Wait Mode

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

3.8.2 Stop Mode

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

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

3.9 External Interrupt Module (IRQ)

3.9.1 Wait Mode

The IRQ module remains active in wait mode. Clearing the IMASK1 bit
in the IRQ status and control register (INTSCR) enables IRQ CPU
interrupt requests to bring the MCU out of wait mode.
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3.9.2 Stop Mode

The IRQ module remains active in stop mode. Clearing the IMASK1 bit
in the IRQ status and control register (INTSCR) enables IRQ CPU
interrupt requests to bring the MCU out of stop mode.

3.10 Low-Voltage Inhibit Module (LVI)

3.10.1 Wait Mode

If enabled, the LVI module remains active in wait mode. If enabled to
generate resets, the LVI module can generate a reset and bring the MCU
out of wait mode.

3.10.2 Stop Mode

If enabled, the LVI module remains active in stop mode. If enabled to
generate resets, the LVI module can generate a reset and bring the MCU
out of stop mode.

3.11 On-Screen Display Module (OSD)

3.11.1 Wait Mode

The OSD remains active during wait mode, but it will be unable to
interrupt the CPU and bring it out of this mode. It is recommended that
the OSD and PLL be disabled before entering wait mode, unless a single
row of fixed video output is desired to be displayed constantly.

3.11.2 Stop Mode

Although the OSD module and the PLL are not automatically disabled in
stop mode, the FLASH memory will be disabled. As a consequence, the
OSD module will not work. It is recommended that the OSD and PLL be
disabled before entering stop mode.

Advance Information MC68HC908TV24 — Rev. 2.1
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Low-Power Modes
Serial Synchronous Interface Module (SSI)

3.12 Serial Synchronous Interface Module (SSI)

In wait mode or stop mode, the SSI halts operation. Pins SDA1, SCL1,
SDA2, and SCL2 will maintain their states.

If the SSI is nearing completion of a transfer when wait mode or stop
mode is entered, it is possible for the SSI to generate an interrupt
request and thus cause the processor to exit wait mode or stop mode
immediately. To prevent this occurrence, the programmer should ensure
that all transfers are complete before entering wait mode or stop mode.

3.13 Timer Interface Module (TIM)

3.13.1 Wait Mode

The TIM remains active in wait mode. 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.

3.13.2 Stop Mode

The TIM is inactive in stop mode. The STOP instruction does not affect
register states or the state of the TIM counter. TIM operation resumes
when the MCU exits stop mode after an external interrupt.

3.14 Timebase Module (TBM)

3.14.1 Wait Mode

The timebase module remains active after execution of the WAIT
instruction. In wait mode, the timebase register is not accessible by the
CPU.
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If the timebase functions are not required during wait mode, reduce the
power consumption by stopping the timebase before enabling the WAIT
instruction.

3.14.2 Stop Mode

3.15 Exiting Wait Mode

Advance Information

The timebase module remains active after execution of the STOP
instruction. The timebase module can be used in this mode to generate
a periodic wakeup from stop mode. In stop mode, the timebase register
is not accessible by the CPU.

If the timebase functions are not required during stop mode, reduce the
power consumption by stopping the timebase before enabling the STOP
instruction.

These events restart the CPU clock and load the program counter with
the reset vector or with an interrupt vector:

External reset — A logic 0 on the RST pin resets the MCU and
loads the program counter with the contents of $FFFE and $FFFF.

External interrupt — A high-to-low transition on the external
interrupt pin (IRQ) loads the program counter with the contents of
$FFFA and $FFFB.

Break interrupt — A break interrupt loads the program counter
with the contents of $FFFC and $FFFD.

Computer operating properly module (COP) reset — A timeout of
the COP counter resets the MCU and loads the program counter
with the contents of $FFFE and $FFFF.

Low-voltage inhibit module (LVI) reset — A power supply voltage
below the V1R pg Voltage resets the MCU and loads the program
counter with the contents of $FFFE and $FFFF.

Clock generator module (CGM) interrupt — A CPU interrupt
request from the phase-locked loop (PLL) loads the program
counter with the contents of $FFF8 and $FFF9.

MC68HC908TV24 — Rev. 2.1
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3.16 Exiting Stop Mode

Low-Power Modes
Exiting Stop Mode

Timer interface module (TIM) interrupt — A CPU interrupt request
from the TIM loads the program counter with the contents of:

— $FFFO0 and $FFF1; TIM1 overflow
— $FFF2 and $FFF3; TIM1 channel 1
— $FFF4 and $FFF5; TIM1 channel O

Timebase module (TBM) interrupt — A CPU interrupt request from
the TBM loads the program counter with the contents of $FFF6
and $FFF7.

These events restart the system clocks and load the program counter
with the reset vector or with an interrupt vector:

External reset — A logic 0 on the RST pin resets the MCU and
loads the program counter with the contents of $FFFE and $FFFF.

External interrupt — A high-to-low transition on IRQ pin loads the
program counter with the contents of $FFFA and $FFFB.

Low-voltage inhibit (LVI) reset — A power supply voltage below
the LVItrpg Voltage resets the MCU and loads the program
counter with the contents of $FFFE and $FFFF.

Break interrupt — A break interrupt loads the program counter
with the contents of $FFFC and $FFFD.

Timebase module (TBM) interrupt — A TBM interrupt loads the
program counter with the contents of $FFF6 and $FFF7 when the
timebase counter has rolled over. This allows the TBM to generate
a periodic wakeup from stop mode.

Upon exit from stop mode, the system clocks begin running after an
oscillator stabilization delay. A 12-bit stop recovery counter inhibits the
system clocks for 4096 CGMXCLK cycles after the reset or external
interrupt.

The short stop recovery bit, SSREC, in the configuration register
controls the oscillator stabilization delay during stop recovery. Setting

MC68HC908TV24 — Rev. 2.1
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SSREC reduces stop recovery time from 4096 CGMXCLK cycles to 32
CGMXCLK cycles.

NOTE: Use the full stop recovery time (SSREC = 0) in applications that use an
external crystal.
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Resets and Interrupts

4.2 Introduction

4.3 Resets

4.3.1 Effects

4.3.2 External Reset

4.3.3 Internal Reset

Advance Information

Resets and interrupts are responses to exceptional events during
program execution. A reset re-initializes the MCU to its startup condition.
An interrupt vectors the program counter to a service routine.

A reset immediately returns the MCU to a known startup condition and
begins program execution from a user-defined memory location.

A reset:

Immediately stops the operation of the instruction being executed
Initializes certain control and status bits

Loads the program counter with a user-defined reset vector
address from locations $FFFE and $FFFF

Selects CGMXCLK divided by four as the bus clock

A logic 0 applied to the RST pin for a time, t|g., generates an external
reset. An external reset sets the PIN bit in the system integration module
(SIM) reset status register.

Sources:

Power-on reset (POR)

Computer operating properly (COP)
Low-voltage inhibit (LVI)

lllegal opcode

llegal address

MC68HC908TV24 — Rev. 2.1
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Resets

All internal reset sources pull the RST pin low for 32 CGMXCLK cycles
to allow resetting of external devices. The MCU is held in reset for an
additional 32 CGMXCLK cycles after releasing the RST pin.

PULLED LOW BY MCU

RSTPIN / \ ‘ N
|«——32 CYCLES—|——32 CYCLES —

ewen [T L [ LT LJ
RS " " |

Figure 4-1. Internal Reset Timing

4.3.3.1 Power-On Reset (POR)

A power-on reset (POR) is an internal reset caused by a positive
transition on the Vpp pin. Vpp at the POR must go completely to 0 V to
reset the MCU. This distinguishes between areset and a POR. The POR
is not a brown-out detector, low-voltage detector, or glitch detector.

A power-on reset:

* Holds the clocks to the CPU and modules inactive for an oscillator
stabilization delay of 4096 CGMXCLK cycles
» Drives the RST pin low during the oscillator stabilization delay

* Releases the RST pin 32 CGMXCLK cycles after the oscillator
stabilization delay

* Releases the CPU to begin the reset vector sequence
64 CGMXCLK cycles after the oscillator stabilization delay

» Sets the POR and LP bits in the SIM reset status register and
clears all other bits in the register
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0OSC1

PORRST® [ ] N N N

4096 32 32
CYCLES CYCLES CYCLES

——{—>

CGMXCLK |

camour N N I s S s I o I
N
A—

RST PIN

N
’_:\
INTERNAL N

RESET |

1. PORRST is an internally generated power-on reset pulse.

Figure 4-2. Power-On Reset Recovery

4.3.3.2 Computer Operating Properly (COP) Reset

A COP reset is an internal reset caused by an overflow of the COP
counter. A COP reset sets the COP bit in the system integration module
(SIM) reset status register.

To clear the COP counter and prevent a COP reset, write any value to
the COP control register at location $FFFF.

4.3.3.3 Low-Voltage Inhibit (LVI) Reset

An LVI reset is an internal reset caused by a drop in the power supply
voltage to the LVIyg pg voltage.

An LVI reset:

» Holds the clocks to the CPU and modules inactive for an oscillator
stabilization delay of 4096 CGMXCLK cycles after the power
supply voltage rises to the LVIygpr Voltage

» Drives the RST pin low for as long as Vpp is below the LVItg|pr
voltage and during the oscillator stabilization delay

* Releases the RST pin 32 CGMXCLK cycles after the oscillator
stabilization delay

Advance Information MC68HC908TV24 — Rev. 2.1
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Resets

* Releases the CPU to begin the reset vector sequence
64 CGMXCLK cycles after the oscillator stabilization delay

» Sets the LVI bit in the SIM reset status register

4.3.3.4 lllegal Opcode Reset

An illegal opcode reset is an internal reset caused by an opcode that is
not in the instruction set. An illegal opcode reset sets the ILOP bit in the
SIM reset status register.

If the stop enable bit, STOP, in the mask option register (MOR) is a logic
0, the STOP instruction causes an illegal opcode reset.

4.3.3.5 lllegal Address Reset

Anillegal address reset is an internal reset caused by opcode fetch from
an unmapped address. An illegal address reset sets the ILAD bit in the
SIM reset status register.

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

4.3.4 System Integration Module (SIM) Reset Status Register

The SIM reset status register (SRSR) is a read-only register containing
flags to show reset sources. All flag bits are automatically cleared
following a read of the register. Reset service can read the SIM reset
status register to clear the register after power-on reset and to determine
the source of any subsequent reset.

The register is initialized on power-up as shown with the POR bit set and
all other bits cleared. During a POR or any other internal reset, the RST
pin is pulled low. After the pin is released, it will be sampled 32 XCLK
cycles later. If the pin is not above a V, at that time, then the PIN bit in
the SRSR may be set in addition to whatever other bits are set.
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NOTE: Only aread of the SIM reset status register clears all reset flags. After
multiple resets from different sources without reading the register,
multiple flags remain set.

Address:  $FE01

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

Figure 4-3. SIM Reset Status Register (SRSR)

POR — Power-On Reset Flag Bit
1 = Power-on reset since last read of SRSR
0 = Read of SRSR since last power-on reset

PIN — External Reset Flag Bit
1 = External reset via RST pin since last read of SRSR
0 = POR or read of SRSR since last external reset

COP — Computer Operating Properly Reset Bit
1 = Last reset caused by timeout of 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
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 caused by low-power supply voltage
0 = POR or read of SRSR
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Resets and Interrupts
Interrupts

4.4 Interrupts

An interrupt temporarily changes the sequence of program execution to
respond to a particular event. An interrupt does not stop the operation of
the instruction being executed, but begins when the current instruction
completes its operation.

4.4.1 Effects
An interrupt:

» Saves the CPU registers on the stack. At the end of the interrupt,
the RTI instruction recovers the CPU registers from the stack so
that normal processing can resume. (See Figure 4-4.)

» Sets the interrupt mask (I bit) to prevent additional interrupts.
Once an interrupt is latched, no other interrupt can take
precedence, regardless of its priority.

» Loads the program counter with a user-defined vector address

After every instruction, the CPU checks all pending interrupts if the | bit
is not set. If more than one interrupt is pending when an instruction is
done, the highest priority interrupt is serviced first. In the example shown
in Figure 4-5, if an interrupt is pending upon exit from the interrupt
service routine, the pending interrupt is serviced before the load
accumulator (LDA) instruction is executed.

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

NOTE: 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, save the
H register and then restore it prior to exiting the routine.
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Advance Information

5 CONDITION CODE REGISTER
4 ACCUMULATOR
STACKING 3 INDEX REGISTER (LOW BYTE)*
ORDER PROGRAM COUNTER (HIGH BYTE)
1 | PROGRAM COUNTER (LOW BYTE)

UNSTACKING
ORDER

a h W N P

$00FF DEFAULT ADDRESS ON RESET

*High byte of index register is not stacked.

Figure 4-4. Interrupt Stacking Order

CLI

P DA #$FF BACKGROUND

ROUTINE
\—> INT1 PSHH

¢ INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI

\_» INT2 PSHH

¢ INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 4-5. Interrupt Recognition Example
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Interrupts
FROM RESET
BREAK YES
INTERRUPT >
?
YES
YES
YES
~ ~ -
~ OTHER ~\ YES
< INTERRUPTS > — — — — — — — >
~ Py ~
~N 7~
y
NO
| STACK CPU REGISTERS
SETIBIT
I LOAD PC WITH INTERRUPT VECTOR
I
FETCH NEXT
INSTRUCTION
UNSTACK CPU REGISTERS >
EXECUTE INSTRUCTION — >
Figure 4-6. Interrupt Processing
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4.4.2 Sources

Resets and Interrupts

The sources in Table 4-1 can generate CPU interrupt requests.

Table 4-1. Interrupt Sources

@ —
~ = ~ L w
§ =) < 2o | o S a
5 < 0 o © = 05
o o G o o g 3S
Reset None None None | O $FFFE—$FFFF
SWI instruction None None None | O $FFFC—$FFFD
IRQ pin IRQF | IMASK1 | IF1 1 | $FFFA—$FFFB
CGM (PLL) PLLF PLLIE IF2 2 $FFF8—$FFF9
Timebase TBIF TBIE IF3 3 $FFF6-$FFF7
TIM channel 0 CHOF CHOIE IF4 4 $FFF4-$FFF5
TIM channel 1 CH1F CHI1IE IF5 5 $FFF2—-$FFF3
TIM overflow TOF TOIE IF6 6 $FFFO-$FFF1
OSD event line match ELMF ELIEN
- IF7 7 $FFEE-$FFEF
OSD vertical sync pulse VSINF VSIEN
Closed-caption data slicer DSFL DSIEN IF8 8 | $FFEC-$FFED
Serial synchronous SF SIE IF9 | 9 | SFFEA-$FFEB
interface
Notes:

1. The | bit in the condition code register is a global mask for all interrupt sources except
the SWI instruction.
2. 0 = highest priority

4.4.2.1 SWI Instruction

NOTE:

The software interrupt instruction (SWI) causes a hon-maskable
interrupt.

A software interrupt pushes PC onto the stack. An SWI does not push
PC -1, as a hardware interrupt does.

4.4.2.2 Break Interrupt

Advance Information

The break module causes the CPU to execute an SWI instruction at a
software-programmable break point.
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4.4.2.3 IRQ Pin

Resets and Interrupts
Interrupts

A logic 0 on the IRQ pin latches an external interrupt request.

4.4.2.4 Clock Generator Module (CGM)

The clock generator module (CGM) can generate a CPU interrupt
request every time the phase-locked loop circuit (PLL) enters or leaves
the locked state. When the LOCK bit changes state, the PLL flag (PLLF)
is set. The PLL interrupt enable bit (PLLIE) enables PLLF CPU interrupt
requests. LOCK is in the PLL bandwidth control register. PLLF is in the
PLL control register.

4.4.2.5 Timebase Module (TBM)

4.4.2.6 Timer (TIM)

The timebase module (TBM) can interrupt the CPU on a regular basis
with a rate defined by TBR2-TBRO. When the timebase counter chain
rolls over, the TBIF flag is set. If the TBIE bit is set, enabling the timebase
interrupt, the counter chain overflow will generate a CPU interrupt
request.

Interrupts must be acknowledged by writing a logic 1 to the TACK bit.

Timer (TIM) CPU interrupt sources:

* 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 (CH1F-CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. The channel
X interrupt enable bit, CHXIE, enables channel x TIM CPU
interrupt requests. CHxF and CHXxIE are in the TIM channel x
status and control register.
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4.4.2.7 On-Screen Display (OSD)
On-screen display (OSD) CPU interrupt sources:

* Event line match flag (ELMF) — This flag is located on the OSD
status register (OSDSR). Itis set when the OSD scan line counter
matches the value programmed on the event line register
(OSDELR). This flag generates an interrupt if the ELIEN bit of the
OSD enable control register (OSDECTR) is set.

» Vertical sync flag (VSINF) — This flag is located on the OSD
status register (OSDSR). It is set at every starting edge of VSYNC
pulses. This flag generates an interrupt if the VSIEN bit of the OSD
enable control register (OSDECTR) is set.

Interrupts must be acknowledged by writing any value to the OSD status
register (OSDSR).

4.4.2.8 Data Slicer (DSL) Module

The data slicer (DSL) module can interrupt the CPU to indicate that it has
sampled 16 bits of closed-caption data (including parity) and has placed
them in registers DSLCH1 and DSLCH2. When this happens, the DSFL
bit of the DSL status register (DSLSR) is asserted and an interrupt is
issued if the DSIEN bit on the DSL control register 1 (DSLCR1) is set.

Interrupts must be acknowledged by writing any value to the DSL status
register (OSDSR).
4.4.2.9 Serial Synchronous Interface (SSI) Module

The serial synchronous interface (SSI) module can interrupt the CPU to
indicate that one complete transfer has occurred. When this happens,
the SF bit of the SSI status register (SSISR) is asserted and an interrupt
is issued if the SIE bit of the SSI control register (SSICR) is set.
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Interrupts

The SF flag must always be cleared between transfers. This can be done
in three ways:

1. By reading the SSI status register with SF set, followed by writing
or reading the SSI data register (SSIDR)
2. Byareset
3. By disabling the SSI
NOTE: If the SF flag is cleared by resetting or disabling the SSI before issuing

a STOP bit, the slave device may enter into an indeterminate state. The
first method of clearing SF is always the best.

4.4.3 Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt
sources. Table 4-2 summarizes the interrupt sources and the interrupt
status register flags that they set. The interrupt status registers can be
useful for debugging.

Table 4-2. Interrupt Source Flags

Interrupt Source Interr_upt Status
Register Flag
Reset —
SWI instruction —
IRQ pin IF1
CGM (PLL) IF2
Timebase IF3
TIM channel O IF4
TIM channel 1 IF5
TIM overflow IF6
On-screen display IF7
Closed-caption data slicer IF8
Serial synchronous interface IF9
MC68HC908TV24 — Rev. 2.1 Advance Information
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4.4.3.1 Interrupt Status Register 1

Address:  $FE04

Bit 7 6 5 4 3 2 1 Bit0
Read:| IF6 IF5 IF4 IF3 IF2 IF1 0 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 4-7. Interrupt Status Register 1 (INT1)

IF6—-IF1 — Interrupt Flags 6-1

These flags indicate the presence of interrupt requests from the
sources shown in Table 4-2.

1 = Interrupt request present

0 = No interrupt request present

Bit 1 and Bit 0 — Always read 0

4.4.3.2 Interrupt Status Register 2

Address:  $FE05

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 IF9 IF8 IF7
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 4-8. Interrupt Status Register 2 (INT2)

IF9—IF7 — Interrupt Flags 9-7

These flags indicate the presence of interrupt requests from the
sources shown in Table 4-2.

1 = Interrupt request present

0 = No interrupt request present

Bits 7-3 — Always read 0
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Section 5. Analog-to-Digital Converter (ADC4)
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5.2 Introduction

The analog-to-digital converter (ADC4) performs individual analog
comparisons that can be used together with a software algorithm to
obtain an analog-to-digital conversion.

5.3 Feature
The ADCA4 provides the following feature:

» 4-bit software analog-to-digital conversion

MC68HC908TV24 — Rev. 2.1 Advance Information

Freescale Semiconductor Analog-to-Digital Converter (ADC4) 81



Analog-to-Digital Converter (ADC4)

5.4 Overview

The ADC4 system consists of a single 4-bit analog-to-digital (A/D)
converter and comparator with continuous conversion. A result flag
indicates if the comparator output is above or below the analog input,
ADCIN. (See Figure 5-1.)

HC08 INTERNAL BUS
ADDR/CONTROL DATA__ _

REGISTER

DECODE I_> ADCCSR

ADVAL | ENABLE

ADCIN

RESULT

+
’7 R2R

REFERENCE

(ADCONVERTER __ _ _ _ _ _ _ _ _ _ _ a

Figure 5-1. ADC4 Block Diagram

5.5 Programming Guidelines

The following subsections describe programming guidelines.
5.5.1 Setup

The ADC4 must be enabled by setting the ADON bit in the ADC control
and status register (ADCCSR).
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5.5.2 Conversions

Analog-to-Digital Converter (ADC4)
Programming Guidelines

An A/D conversion can be performed with the aid of a software
algorithm. Figure 5-2 shows an example of a conversion code.

LDA#
STA
I NC
DEC
STA
LDA
AND

DTA:

BGE

I NC

BRA
ENDC:

ATD

#$40
ADCCSR
ATD
ATD
ATD
ADCCSR
#$8F
#$OF

ENDC
ADCCSR
DTA

Enabl e ADC

and set initial AAD value = 00
No real function other than
having the required initial
Save A/ D val ue

del ay

Read conparator result and A/ D val ue
Check if reached anal og pin
val ue or A/ D value is nmaximm

If ok, end of conversion
If not, increment A/ D val ue
return

anal og value in ADC
Anal ogl n=( ADC+1) *0. 3125V wi th Vpp=5V

Figure 5-2. ADC Conversion Code Example

5.5.3 Input/Output

The ADC4 has one input pin (ADCIN), which is the analog input to be

converted.
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5.6 ADC Control and Status Register

NOTE:

Advance Information

The ADC control and status register (ADCCSR) contains all of the ADC4
status and control bits.

Address: $004F

Bit 7 6 5 4 3 2 1 Bit 0
Read: | RESULT 0 0
ADON AD3 AD2 AD1 ADO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 5-3. ADC Control and Status Register (ADCCSR)

RESULT — Comparator Result Bit

This bit indicates the relationship of the analog input to the analog
version of the AD3—ADO value. A reset has no effect on this bit.

1 = D/A output > ANALOG IN

0 = D/A output < ANALOG IN

ADON — ADC On Bit

This bit indicates whether the ADC is enabled. When enabled, the
ADC supplies power to the D/A resistive ladder. A reset clears this bit.
1 = ADC enabled
0 = ADC disabled

If not in use, the input should be tied to Vg5 and a value of $00 should
be written to the ADC control and status register.

AD3:ADO — ADC Comparison Value Bits

These bits are controlled by the user to perform a successive
approximation conversion in software. When a value causes the
RESULT bit to change state from the value immediately before or
after it, AD3:ADO are considered to be the digital equivalent of the
analog input. A reset clears these bits.

MC68HC908TV24 — Rev. 2.1

84

Analog-to-Digital Converter (ADC4) Freescale Semiconductor



Analog-to-Digital Converter (ADC4)
Low-Power Modes

5.7 Low-Power Modes

The ADC4 will not work in wait mode and stop mode. To achieve
low-power consumption, it is recommended that the ADC4 be disabled
before entering wait mode or stop mode.

5.8 Interrupts and Resets

The ADC4 does not interrupt or reset the CPU.
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Section 6. Break Module (BRK)

6.1 Contents

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

6.4  Functional Description .. .............
6.4.1 Flag Protection During Break Interrupts
6.4.2 CPU During Break Interrupts . . .. .. ..
6.4.3 TIM During Break Interrupts. .. ... ...
6.4.4 COP During Break Interrupts . . ... . ..

6.5 Low-Power Modes . .................
6.5.1 WaitMode . .......... ... ... . ....
6.5.2 StopMode ............. ... .. ...

6.6 Break Module Registers..............
6.6.1 Break Status and Control Register
6.6.2 Break Address Registers .. .........
6.6.3 SIM Break Status Register. . ........

6.6.4 SIM Break Flag Control Register

6.2 Introduction

This section describes the break module (BRK). 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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6.3 Features

Features of the break module include:

» Accessible input/output (1/0O) registers during the break interrupt
» CPU-generated break interrupts
» Software-generated break interrupts

» COP disabling during break interrupts

6.4 Functional Description

Advance Information

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

The following events can cause a break interrupt to occur:

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

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

When a CPU-generated address matches the contents of the break
address registers, the break interrupt begins after the CPU completes its
current instruction. A return-from-interrupt instruction (RTI) in the break
routine ends the break interrupt and returns the MCU to normal
operation. Figure 6-1 shows the structure of the break module.
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Functional Description

IAB15-IAB8

=

BREAK ADDRESS REGISTER HIGH

8-BIT COMPARATOR —
IAB15-IABO

CONTROL |— BREAK

8-BIT COMPARATOR —

BREAK ADDRESS REGISTER LOW

IAB7—-1ABO

Figure 6-1. Break Module Block Diagram

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
_ Read 0 0 0 1 0 0 BW 0
SIM Break Status Register
$FE00 (SBSR) Write: R R R R R R NOTE R
See page 94.
Reset: 0 0 0 1 0 0 0 0
Read:
SIM Break Flag Control BCFE R R R R R R R
$FEO03 Register (SBFCR) Write:
See page 95.
Reset: 0
) Read:
Break Address Register Bit 15 14 13 12 11 10 9 Bit 8
$FEOC High (BRKH) Write:
See page 93.
Reset: 0 0 0 0 0 0 0 0
) Read:
Break Address Register Bit 7 6 5 4 3 2 1 Bit0
$FEOD Low (BRKL) Write:
See page 93.
Reset: 0 0 0 0 0 0 0 0
Read: 0 0 0 0 0 0
Break Status and Control BRKE BRKA
$FEOE Register (BRKSCR) Write:
See page 92.
Reset: 0 0 0 0 0 0 0 0
Note: Writing a logic 0 clears BW. = Unimplemented R = Reserved
Figure 6-2. /0 Register Summary
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6.4.1 Flag Protection During Break Interrupts

The BCFE bit in the system integration module (SIM) break flag control
register (SBFCR) enables software to clear status bits during the break
state.

6.4.2 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 and $FFFD ($FEFC and
$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.

6.4.3 TIM During Break Interrupts

A break interrupt stops the timer counters.

6.4.4 COP During Break Interrupts

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

6.5 Low-Power Modes

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

6.5.2 Stop Mode

Break Module (BRK)
Break Module Registers

If enabled, the break module is active in wait mode. In the break routine,
the user can subtract one from the return address on the stack if SBSW
is set. See Section 3. Low-Power Modes. Clear the BW bit by writing
logic O to it.

A break interrupt causes exit from stop mode and sets the SBSW bit in
the break status register.

6.6 Break Module Registers

These registers control and monitor operation of the break module:

MC68HC908TV24 — Rev. 2.1

Break status and control register (BRKSCR)
Break address register high (BRKH)

Break address register low (BRKL)

SIM break status register (SBSR)

SIM break flag control register (SBFCR)
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6.6.1 Break Status and Control Register

The break status and control register (BRKSCR) contains break module
enable and status bits.

Address:  $FEQOE

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

Figure 6-3. 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 0 to bit 7. Reset clears the BRKE bit.
1 = Breaks enabled on 16-bit address match
0 = Breaks disabled on 16-bit address match

BRKA — Break Active Bit

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

1 = When read, break address match

0 = When read, no break address match
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6.6.2 Break Address Registers

Break Module (BRK)
Break Module Registers

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

registers.
Address:  $FEOC
Bit 7 6 5 4 3 2 1 Bit0
Read:
Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0
Figure 6-4. Break Address Register High (BRKH)
Address:  $FEOD
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

MC68HC908TV24 — Rev. 2.1

Figure 6-5. Break Address Register Low (BRKL)
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6.6.3 SIM Break Status Register

The SIM break status register (SBSR) contains a flag to indicate that a
break caused an exit from wait mode. The flag is useful in applications
requiring a return to wait mode after exiting from a break interrupt.

Address:  $FE00

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 1 0 0 BW 0
Write: R R R R R R Note R
Reset: 0 0 0 1 0 0 0 0
Note: Writing a logic 0 clears BW. R = Reserved

Figure 6-6. SIM Break Status Register (SBSR)

BW — Break Wait Bit

This read/write bit is set when a break interrupt causes an exit from
wait mode. Clear BW by writing a logic O to it. Reset clears BW.

1 = Break interrupt during wait mode

0 = No break interrupt during wait mode

BW can be read within the break interrupt routine. The user can modify
the return address on the stack by subtracting 1 from it. The example
code shown in Figure 6-7 works if the H register was stacked in the
break interrupt routine. Execute this code at the end of the break
interrupt routine.

H BYTE EQU 5
LOBYTE EQU 6
;. If not BW do RTI

BRCLR BWBSR, RETURN ; See if wait node or stop
; node was exited by break.

TST  LOBYTE, SP ; If RETURNLO i s not O,

BNE DOLO ; then just decrenent |ow byte.

DEC HI BYTE, SP ; Else deal with high byte al so.
DOLO DEC LOBYTE, SP ; Point to WAI T/ STOP opcode.
RETURN PULH ; Restore H register.

RTI

Figure 6-7. Example Code
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Break Module Registers

6.6.4 SIM Break Flag Control Register

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

Address:  $FE03

Bit 7 6 5 4 3 2 1 Bit 0
Read:
BCFE R R R R R R R
Write:
Reset: 0
R = Reserved

Figure 6-8. 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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7.2 Introduction

7.3 Features
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This section describes the clock generator module (CGMC). The CGMC
generates the crystal clock signal, CGMXCLK, which operates at the
frequency of the crystal. The CGMC also generates the base clock
signal, CGMOUT, which is based on either the crystal clock divided by
two or the phase-locked loop (PLL) clock, CGMVCLK, divided by two. In
user mode, CGMOUT is the clock from which the system integration
module (SIM) derives the system clocks, including the bus clock, which
is at a frequency of CGMOUT divided by two. In monitor mode, PTC3
determines the bus clock. The PLL is a fully functional frequency
generator designed for use with crystals or ceramic resonators. The PLL
can generate an 8-MHz bus frequency using a 32-kHz crystal.

Features of the CGMC include:

* Phase-locked loop with output frequency in integer multiples of an
integer dividend of the crystal reference

* Low-frequency crystal operation with low-power operation and
high-output frequency resolution

* Programmable prescaler for power-of-two increases in frequency

* Programmable hardware voltage-controlled oscillator (VCO) for
low-jitter operation

MC68HC908TV24 — Rev. 2.1
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Clock Generator Module (CGMC)
Functional Description

» Automatic bandwidth control mode for low-jitter operation
* Automatic frequency lock detector

» CPU interrupt on entry or exit from locked condition

7.4 Functional Description
The CGMC consists of three major sub-modules:

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

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

3. 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 either CGMOUT or CGMXCLK.

Figure 7-1 shows the structure of the CGMC.

7.4.1 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 oscillator circuit works continuously even in stop
mode so that modules that receive the crystal clock directly, like the
timebase module (TBM), can operate in stop mode.

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 percent and depends on external factors, including the crystal and
related external components. An externally generated clock also can
feed the OSC1 pin of the crystal oscillator circuit. Connect the external
clock to the OSC1 pin and let the OSC2 pin float.
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Figure 7-1. CGMC Block Diagram
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Clock Generator Module (CGMC)
Functional Description

7.4.2 Phase-Locked Loop Circuit (PLL)

The phase-locked loop (PLL) circuit 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.

7.4.3 PLL Circuits
The PLL consists of these circuits:

» Voltage-controlled oscillator (VCO)
* Reference divider

» Frequency prescaler

e Modulo VCO frequency divider

* Phase detector

» 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 CGM/XFC noise. The VCO frequency is bound to a range
from roughly one-half to twice the center-of-range frequency, fyrs.
Modulating the voltage on the CGM/XFC pin changes the frequency
within this range. By design, fyrg is equal to the nominal center-of-range
frequency, fyowms (38.4 kHz) times a linear factor, L, and a power-of-two
factor, E, or (L x 25)fyom.

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK.
CGMRCLK runs at a frequency, frck, and is fed to the PLL through a
programmable modulo reference divider, which divides frc k by a
factor, R. The divider’s output is the final reference clock, CGMRDV,
running at a frequency, frpy = frcLk/R. With an external crystal

(30 kHz—100 kHz), always set R = 1 for specified performance. With an
external high-frequency clock source, use R to divide the external
frequency to between 30 kHz and 100 kHz.
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The VCO’s output clock, CGMVCLK, running at a frequency, fyc k. IS
fed back through a programmable prescale divider and a programmable
modulo divider. The prescaler divides the VCO clock by a power-of-two
factor, P, and the modulo divider reduces the VCO clock by a factor, N.
The dividers’ output is the VCO feedback clock, CGMVDV, running at a
frequency, fypy = fycLk/(N x 2P). (See 7.4.6 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 CGM/XFC based on the width and direction of the correction pulse.
The filter can make fast or slow corrections depending on its mode,
described in 7.4.4 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, frpy. The circuit determines the mode of the PLL and the lock
condition based on this comparison.

7.4.4 Acquisition and Tracking Modes

Advance Information

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 7.6.2 PLL Bandwidth Control Register.)

» 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
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Functional Description

PLL enters tracking mode when the VCO frequency is nearly
correct, such as when the PLL is selected as the base clock
source. (See 7.4.8 Base Clock Selector Circuit.) The PLL is
automatically in tracking mode when not in acquisition mode or
when the ACQ bit is set.

7.4.5 Manual and Automatic PLL Bandwidth Modes

The PLL can change the bandwidth or operational mode of the loop filter
manually or automatically. Automatic mode is recommended for most
users.

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 7.6.2 PLL Bandwidth Control Register.) 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 7.4.8 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 7.7 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 7.6.2 PLL Bandwidth Control Register.) is a
read-only indicator of the mode of the filter. (See 7.4.4
Acquisition and Tracking Modes.)

« The ACQ bit is set when the VCO frequency is within a certain
tolerance and is cleared when the VCO frequency is out of a
certain tolerance. (See 7.9 Acquisition/Lock Time
Specifications for more information.)
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* The LOCK bit is a read-only indicator of the locked state of the
PLL.

* The LOCK bit is set when the VCO frequency is within a certain
tolerance and is cleared when the VCO frequency is out of a
certain tolerance. (See 7.9 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 7.6.1 PLL
Control Register.)

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

fBusmax:

These 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, tacq (See 7.9 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 CGMC are disabled.

7.4.6 Programming the PLL
This procedure shows how to program the PLL.

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

1. Choose the desired bus frequency, fgyspes-

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

fvcikpes = 4 *fguspes

3. Choose a practical PLL (crystal) reference frequency, frc g, and
the reference clock divider, R. Typically, the reference crystal is
32.768 kHz and R = 1.

Frequency errors to the PLL are corrected at a rate of frc| k/R. For
stability and lock time reduction, this rate must be as fast as
possible. The VCO frequency must be an integer multiple of this
rate. The relationship between the VCO frequency, f,c g, and the
reference frequency, frc k. IS

2PN

fycLk = R (freLk)

P, the power of two multiplier, and N, the range multiplier, are
integers.

In cases where desired bus frequency has some tolerance,
choose frc| k to a value determined either by other module
requirements (such as modules which are clocked by CGMXCLK),
cost requirements, or ideally, as high as the specified range
allows. See Section 25. Preliminary Electrical Specifications.
Choose the reference divider, R = 1. After choosing N and P, the
actual bus frequency can be determined using equation in step 2.

When the tolerance on the bus frequency is tight, choose fgc| k to
an integer divisor of fgyspgs, and R = 1. If frc k cannot meet this
requirement, use the following equation to solve for R with
practical choices of frc k, and choose the frc| k that gives the
lowest R.

f f
R = round|:RMAX % {M} _ integer[ VCLKDESJ H
freLk freLk
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4. Select a VCO frequency multiplier, N.

R x f
N = round[ VCLKDES]
frcLk

Reduce N/R to the lowest possible R.

5. IfNis < Npax use P =0. If N> Np,a Choose P using this table:

Current N Value P
O<NSNmax 0
Nmax <N=Npax > 2 1
Ny X2<N<N_ x4 2
Nmaxx4<NstaXx8 3

Then recalculate N:

R x f
N = round[—VCLKDFE,Sj
froLk 2

6. Calculate and verify the adequacy of the VCO and bus
frequencies fyc k and fgys.

P
fVCLK = (2 x N/R)XfRCLK

faus = (fyeLk)/4

7. Select the VCO'’s power-of-two range multiplier E, according to

this table:
Frequency Range E
0 < fycLk < 9,830,400 0
9,830,400 < fyc k < 19,660,800 1
19,660,800 < fyc k < 39,321,600 2
Note: Do not program E to a value of 3.
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Functional Description

Select a VCO linear range multiplier, L, where fygm = 38.4 kHz.
f

L= round[_vw_w)
2E
*No

Calculate and verify the adequacy of the VCO programmed
center-of-range frequency, fyrs. The center-of-range frequency is
the midpoint between the minimum and maximum frequencies
attainable by the PLL.

E
fyrs = (Lx27)fyom

For proper operation,

E
£ f <f'\‘ﬂi
Ifvrs ~fverk| < 5

Verify the choice of P, R, N, E, and L by comparing fy,c k t0 fyrs
and fycLkpes- For proper operation, fyc| x must be within the
application’s tolerance of fy,c kpes, and fyrg Must be as close as
possible to fyc k-

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

11.

MC68HC908TV24 — Rev. 2.1

Program the PLL registers accordingly:

a. Inthe PRE bits of the PLL control register (PCTL), program
the binary equivalent of P.

b. Inthe VPR bits of the PLL control register (PCTL), program
the binary equivalent of E.

c. Inthe PLL multiplier select register low (PMSL) and the PLL
multiplier select register high (PMSH), program the binary
equivalent of N.

d. Inthe PLL VCO range select register (PMRS), program the
binary coded equivalent of L.

e. Inthe PLL reference divider select register (PMDS), program
the binary coded equivalent of R.

Advance Information
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Table 7-1 provides numeric examples. Numbers are in hexadecimal
notation.

Table 7-1. Numeric Example

fBus freLk R N P E L
2.0 MHz 32.768 kHz 1 F5 0 0 D1
2.4576 MHz 32.768 kHz 1 12C 0 1 80
2.5 MHz 32.768 kHz 1 132 0 1 83
4.0 MHz 32.768 kHz 1 1E9 0 1 D1
4.9152 MHz 32.768 kHz 1 258 0 2 80
5.0 MHz 32.768 kHz 1 263 0 2 82
7.3728 MHz 32.768 kHz 1 384 0 2 Co
8.0 MHz 32.768 kHz 1 3D1 0 2 DO

7.4.7 Special Programming Exceptions

The programming method described in 7.4.6 Programming the PLL
does not account for three possible exceptions. A value of O for R, N, or
L is meaningless when used in the equations given. To account for these
exceptions:

* AOvalueforRor N is interpreted exactly the same as a value of 1.

* A O value for L disables the PLL and prevents its selection as the
source for the base clock.

See 7.4.8 Base Clock Selector Circuit.

7.4.8 Base Clock Selector Circuit

Advance Information

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
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Functional Description

one-half of the base clock frequency, is one-fourth the frequency of the
selected clock (CGMXCLK or CGMVCLK).

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

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

7.4.9 CGMC External Connections

In its typical configuration, the CGMC requires up to nine external
components. Five of these are for the crystal oscillator and two or four
are for the PLL.

The crystal oscillator is normally connected in a Pierce oscillator
configuration, as shown in Figure 7-2. This figure 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, Rg

» Series resistor, Rg

The series resistor (Rg) is included in the diagram to follow strict Pierce
oscillator guidelines. Refer to the crystal manufacturer’s data for more
information regarding values for C1 and C2.

Figure 7-2 also shows the external components for the PLL:

* Bypass capacitor, Cgyp

* Filter network
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o o
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Note: Filter network in box can be replaced with a 0.47-uF capacitor, but it will degrade stability.

Figure 7-2. CGMC Exernal Connections

Routing should be done with great care to minimize signal cross talk and
noise.

See 25.10.1 CGM Component Specifications for capacitor and
resistor values.

7.5 Input/Output Signals

This subsection describes the CGMC 1/O signals.

7.5.1 Crystal Ampilifier Input Pin (OSC1)

The OSCL1 pin is an input to the crystal oscillator amplifier.

7.5.2 Crystal Ampilifier Output Pin (OSC2)

The OSC2 pin is the output of the crystal oscillator inverting amplifier.
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Input/Output Signals

7.5.3 External Filter Capacitor Pin (CGMXFC)

The CGMXFC pin is required by the loop filter to filter out phase
corrections. An external filter network is connected to this pin. (See
Figure 7-2.)

NOTE: To prevent noise problems, the filter network should be placed as close
to the CGMXFC pin as possible, with minimum routing distances and no
routing of other signals across the network.

7.5.4 PLL Analog Power Pin (Vppcem)

Vppcem IS @ power pin used by the analog portions of the PLL. Connect
this pin to the same voltage potential as the Vpp pin.

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

7.5.5 PLL Analog Ground Pin (Vgscem)

Vsscem IS a ground pin used by the analog portions of the PLL. Connect
this pin to the same voltage potential as the Vgg pin.

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

7.5.6 Crystal Output Frequency Signal (CGMXCLK)

CGMXCLK is the crystal oscillator output signal. It runs at the full speed
of the crystal (fxc| k) and comes directly from the crystal oscillator circuit.
Figure 7-2 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.
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7.5.7 CGMC Base Clock Output (CGMOUT)

CGMOUT is the clock output of the CGMC. This signal goes to the SIM,
which generates the MCU clocks. CGMOUT is a 50 percent 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.

7.5.8 CGMC CPU Interrupt (CGMINT)

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

7.6 CGMC Registers
These registers control and monitor operation of the CGMC:

* PLL control register (PCTL) — see 7.6.1 PLL Control Register

* PLL bandwidth control register (PBWC) — see 7.6.2 PLL
Bandwidth Control Register

e PLL multiplier select register high (PMSH) — see 7.6.3 PLL
Multiplier Select Register High

* PLL multiplier select register low (PMSL) — see 7.6.4 PLL
Multiplier Select Register Low

* PLL VCO range select register (PMRS) — see 7.6.5 PLL VCO
Range Select Register

» PLL reference divider select register (PMDS) — see 7.6.6 PLL
Reference Divider Select Register

Figure 7-3 is a summary of the CGMC registers.
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Addr.

$0008

$0009

$000A

$000B

$000C

$000D

NOTES:

1. When AUTO = 0, PLLIE is forced clear and is read-only.
When AUTO = 0, PLLF and LOCK read as clear.
When AUTO = 1, ACQ is read-only.

When PLLON = 0 or VRS7:VRSO0 = $0, BCS is forced clear and is read-only.
When PLLON =1, the PLL programming register is read-only.
When BCS = 1, PLLON is forced set and is read-only.

ok wnN

Register Name

Read:

PLL Control Register

(PCTL) Write:

See page 114.

Reset:

Read:

PLL Bandwidth Control

Register (PBWC) Write:

See page 117.

Reset:

o _ Read:
PLL Multiplier Select High

Register (PMSH) Write:

See page 118.

Reset:

o Read:
PLL Multiplier Select Low

Register (PMSL) Write:

See page 119.

Reset:

Read:

PLL VCO Range Select

Register (PMRS) Write:

See page 120.

Reset:

. Read
PLL Reference Divider

Select Register (PMDS) Write:

See page 121.

Reset:

Clock Generator Module (CGMC)
CGMC Registers

Bit 7 6 5 4 3 2 1 Bit 0
PLLF
PLLIE PLLON BCS PRE1 PREO VPR1 VPRO
0 0 1 0 0 0 0 0
LOCK _ 0 0 0 0
AUTO ACQ R
0 0 0 0 0 0 0 0
0 0 0 0
MUL11 | MUL10 MUL9 MULS
0 0 0 0 0 0 0 0
MUL7 MUL6 MUL5 MUL4 MUL3 MUL2 MUL1 MULO
0 1 0 0 0 0 0 0
VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRSH VRS0
0 1 0 0 0 0 0 0
0 0 0 0
RDS3 RDS2 RDSH1 RDS0
0 0 0 0 0 0 0 1
= Unimplemented R = Reserved

Figure 7-3. CGMC 1I/O Register Summary
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7.6.1 PLL Control Register

The PLL control register (PCTL) contains the interrupt enable and flag
bits, the on/off switch, the base clock selector bit, the prescaler bits, and
the VCO power-of-two range selector bits.

Address:  $0008

Bit 7 6 5 4 3 2 1 Bit0
Read: PLLF
PLLIE PLLON BCS PRE1 PREO VPR1 VPRO
Write:
Reset: 0 0 1 0 0 0 0 0
= Unimplemented

Figure 7-4. 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 0. 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 0 when the AUTO bit in the PLL bandwidth
control register (PBWC) is clear. Clear the PLLF bit by reading the
PLL control register. Reset clears the PLLF bit.

1 = Change in lock condition

0 = No change in lock condition

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

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 7.4.8 Base Clock Selector
Circuit.) Reset sets this 