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1.2 Introduction

Section 1. General Description

Introduction. . ... . 29
Features. . ... 30
MCU Block Diagram . . .. ... 31
Pin ASSignments. . ... 33
Power Supply Pins (Vppand Vgg) . ...t 34
Oscillator Pins (OSC1and OSC2). . ................. 34
External Reset Pin (RST) .. ....... . ... ... 34
External Interrupt Pin (IRQ). . .. ... ................. 35
CGM Power Supply Pins (Vppa @and Vgga). . - oo oo oo 35
ADC Reference Voltage Input Pin (VRggn) - -+ -+ -+ -+ - . 35
External Filter Capacitor Pin (CGMXFC) ............. 35
Port A Input/Output (I/O) Pins (PTA6/ATD6—PTAO/ATDO)
............................................... 35
Port B I/O Pins (PTB6/TCHB1-PTBO/RXD) . ........... 36
Port C I/0 Pins (PTC1/FAULT1-PTCO/FAULT4)........ 36
PWM Pins (PWM6-PWM1)........... ... ... v, 36

The MC68HC908MRS8 is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCU). The M68HCO08
Family is based on the customer-specified integrated circuit (CSIC)
design strategy. 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.

MC68HC908MR8 — Rev 4.0

Technical Data

MOTOROLA

General Description 29

For More Information On This Product,

Go to: www.freescale.com


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

General Description

1.3 Features

Features of the MC68HC908MRS include:
» High-performance M68HCO08 architecture

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

e 8-MHz internal bus frequency
» 8 Kbytes of on-chip FLASH

e On-chip programming firmware for use with host personal
computer

» 256 bytes of on-chip random-access memory (RAM):

» 12-bit, 6-channel center-aligned or edge-aligned pulse-width
modulator (PWMMC)

e Serial communications interface module (SCI)
* Two 16-bit, 2-channel timer interface modules (TIMA and TIMB)

» Eight high current sink and source pins (PTA1/ATD1, PTAO/ATDO,
PTB6/TCH1B, PTB5/TCHOB, PTB4/TCH1A, PTB3/TCHOA,
PTB2/TCLKA, and PTB1/TxD)

* Clock generator module (CGM)

» Digitally filtered low-voltage inhibit (LVI), software selectable for
15 percent or £10 percent tolerance

e 10-bit, 4 to 7-channel analog-to-digital converter (ADC)

» System protection features:
— Optional computer operating properly (COP) reset
— Low-voltage detection with optional reset
— lllegal opcode detection with optional reset
— lllegal address detection with optional reset
— Fault detection with optional PWM disabling

Technical Data MC68HC908MR8 — Rev 4.0
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MCU Block Diagram

Available packages:

— 32-pin low-profile quad flat pack (LQFP)

— 28-pin dual in-line package (PDIP)

— 28-pin small outline package (SOIC)

Low-power design, fully static with stop and wait modes

Break (BRK) module allows single breakpoint setting during
in-circuit debugging

Master reset pin and power-on reset (POR)

Features of the CPUOQS8 include:

Enhanced HCO5 programming model

Extensive loop control functions

16 addressing modes (eight more than the M68HCO05)
16-bit index register and stack pointer
Memory-to-memory data transfers

Fast 8 x 8 multiply instruction

Fast 16 + 8 divide instruction

Binary-coded decimal (BCD) instructions

Optimization for controller applications

C language support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC908MRS.
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Pin Assignments

Figure 1-2 shows 32-pin QFP and 28-pin DIP/SOIC pin assignments.

MC68HC908MR8 — Rev 4.0

I T
[{e) wn < o N
PEEEEER
= =< <<
B EEEEE
Sl ERE R EE
RICICII I
Vssa[1]0 &8 & & & & & |24 PTALATDL
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* High current pins
** These pins are not bonded on the 28-pin package.

Figure 1-2. QFP and DIP/SOIC Pin Assignments
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1.5.1 Power Supply Pins (Vpp and Vgg)

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

Note: Component values shown represent typical applications.

Figure 1-3. Power Supply Bypassing

1.5.2 Oscillator Pins (OSC1 and OSC2)

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

1.5.3 External Reset Pin (RST)

Technical Data

A logic 0 on the RST pin forces the MCU to a known startup state. RST
is bidirectional, allowing a reset of the entire system. Itis driven low when
any internal reset source is asserted. See Section 7. System
Integration Module (SIM).

MC68HC908MR8 — Rev 4.0
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General Description

Pin Assignments
1.5.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. See Section 16. External
Interrupt (IRQ).

1.5.5 CGM Power Supply Pins (Vppa and Vgga)

Vppa and Vggp are the power supply pins for the analog portion of the
clock generator module (CGM) and the analog-to-digital converter
(ADC). Decoupling of these pins should be per the digital supply. See
Section 8. Clock Generator Module (CGM) and Section 18.
Analog-to-Digital Converter (ADC).

1.5.6 ADC Reference Voltage Input Pin (Vrgrn)

VRerH IS the power supply input for setting the reference voltage. See
Section 18. Analog-to-Digital Converter (ADC).

1.5.7 External Filter Capacitor Pin (CGMXFC)

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

1.5.8 Port A Input/Output (I/0) Pins (PTA6/ATD6-PTAO/ATDO)

Port A is a 7-bit special function port, sharing all of its pins with the
analog-to-digital converter (ADC). On the 32-pin QFP package, all seven
bits (PTA6/ATD6—PTAO/ATDO) of the port are available. On the 28-pin
package, four bits (PTA3/ATD3-PTAO/ATDO) are available.

PTA3-PTAO have high current source and sink capability. See
Section 14. Input/Output (1/O) Ports.

MC68HC908MR8 — Rev 4.0 Technical Data
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General Description

1.5.9 Port B I/O Pins (PTB6/TCHB1-PTBO/RxD)

Port B is a 7-bit special function port, sharing five of its pins with the timer
interface modules (TIMA and TIMB) and two of its pins with the serial
communications interface (SCI). See Section 11. Timer Interface A
(TIMA), Section 12. Timer Interface B (TIMB), Section 14.
Input/Output (I/0) Ports, and Section 13. Serial Communications
Interface (SCI).

1.5.10 Port C I/O Pins (PTC1/FAULT1-PTCO/FAULT4)

Port C is a 2-bit special function port, sharing its pins with pulse-width
modulator fault inputs. See Section 9. Pulse-Width Modulator for
Motor Control (PWMMC) and Section 14. Input/Output (I/O) Ports.

1.5.11 PWM Pins (PWM6-PWM1)

PWM6-PWM1 are dedicated pins used for the outputs of the pulse-
width modulator module (PWMMC). See Section 9. Pulse-Width
Modulator for Motor Control (PWMMC).

Technical Data MC68HC908MR8 — Rev 4.0
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Technical Data — MC68HC908MR8

2.1 Contents

2.2 Introduction

2.2
2.3
2.4
2.5
2.6

Section 2. Memory Map

Introduction. ........ ... . 37
Unimplemented Memory Locations ................... 38
Reserved Memory Locations. ........................ 38
/O Section. . ... 39
Monitor ROM . . . .. 52

The central processor unit (CPUO08) can address 64 Kbytes of memory
space.

The memory map, shown in Figure 2-1, includes these features:

MC68HC908MR8 — Rev 4.0

8 Kbytes of FLASH
256 bytes of RAM
313 bytes of monitor ROM

46 bytes of user-defined vectors
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Memory Map

2.3 Unimplemented Memory Locations

Some addresses are unimplemented. Accessing an unimplemented
address will cause an illegal address reset. In the memory map and in
the input/output (I/O) register summary, unimplemented addresses are
shaded.

Some 1/O bits are read-only; the write function is unimplemented. Writing
to a read-only I/O bit has no effect on MCU operation. In register figures,
the write function of read-only bits is shaded. Similarly, some I/O bits are
write-only; the read function is unimplemented. Reading of write-only I/O
bits has no effect on microcontroller unit (MCU) operation. In register
figures, the read function of write-only bits is shaded.

2.4 Reserved Memory Locations

Some addresses are reserved. Writing to a reserved address can have
unpredictable effects on MCU operation. In the memory map and in the
I/O register summary, reserved addresses are marked with the word
reserved.

Some 1/O bits are reserved. Writing to a reserved bit can have
unpredictable effects on MCU operation. In register figures, reserved
bits are marked with the letter R.

Technical Data MC68HC908MR8 — Rev 4.0
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2.5 1/0 Section

Freescale Semiconductor, Inc.

Memory Map
I/O Section

Addresses $0000-$005F, shown in Figure 2-2, contain most of the
control, status, and data registers. Additional I/O registers have these
addresses:

MC68HC908MR8 — Rev 4.0

$FEOQO, system integration module (SIM) break status register
(SBSR)

$FEOQ1, SIM reset status register (SRSR)

$FEO03, SIM break flag control register (SBFCR)
$FEO08, FLASH control register (FLCR)

$FF57, FLASH test control register (FLTCR)
$FEOC, break address register high (BRKH)
$FEOD, break flag control register low (BRKL)
$FEOE, break status and control register (BRKSCR)

$FEOF, low-voltage inhibit (LVI) status and control register
(LVISCR)

$FF7E, FLASH block protect register (FLBPR)

$FFFF, computer operating properly (COP) control register
(COPCTL)

Technical Data
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Memory Map

$0000

$005F
$0060

$011F
$0120

$EDFF
$EEOO

$FDFF
$FEOO
$FEO1
$FEO02
$FEO3
$FEO4
$FEO05
$FEO6
$FEO7
$FEO7
$FEO9
$FEOA
$FEOB
$FEOC
$FEOD
$FEOE
$FEOF
$FE10

$FF48
$FF49

$FF7D

MC68HC908MR8

$0000

/O REGISTERS — 96 BYTES !
$005F
$0060

RAM — 256 BYTES I
$015F
$0160

UNIMPLEMENTED — 56,992 BYTES I
$DFFF
$E000

FLASH MEMORY — 7,680 BYTES I
$FDFF
SIM BREAK STATUS REGISTER (SBSR) $FE00
SIM RESET STATUS REGISTER (SRSR) $FEO1
RESERVED $FE02
SIM BREAK FLAG CONTROL REGISTER (SBFCR) $FEO03
RESERVED $FEO04
RESERVED $FE05
RESERVED $FE06
RESERVED $FEQ7
FLASH CONTROL REGISTER (FLCR) $FE08
UNIMPLEMENTED $FE09
RESERVED $FEOA
UNIMPLEMENTED $FEOB
BREAK ADDRESS REGISTER HIGH (BRKH) $FEOC
BREAK ADDRESS REGISTER LOW (BRKL) $FEOD
BREAK STATUS AND CONTROL REGISTER (BRKSCR) | $FEOE
LVI STATUS AND CONTROL REGISTER (LVISCR) $FEOF
$FE10

MONITOR ROM — 313 BYTES I
$FF48
$FF49

UNIMPLEMENTED — 53 BYTES I
$FF7D

Figure 2-1. Memory Map

MC68HC908MR8 — Rev 4.0
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Addr.

$0000

$0001

$0002

$0003

$0004

Freescale Semiconductor, Inc.

$FF7E

$FF7F

$FFD1

$FFD2

$FFFE

$FFFF

Register Name
Port A Data Register Read
(PTA) Write:

See page 281. Reset

Read:

Port B Data Register
(PTB) Write:

See page 284. Reset:

Read:

Port C Data Register
(PTC) Write:

See page 287. Reset:

Read:
Data Direction Register

A .
(DDRA) Write:

See page 282. Reset:

U = Unaffected X = Indetermi-

nate

Memory Map
I/O Section
FLASH BLOCK PROTECT REGISTER (FLBPR) $FF7E
$FF7F
UNIMPLEMENTED — 83 BYTES i
$FFD1
$FFD2
VECTORS — 45 BYTES (46 including $FFFF) !
$FFFE
Low byte of reset vector when read SEFEF
COP Control Register (COPCTL)
Figure 2-1. Memory Map
Bit 7 6 5 4 3 2 1 Bit 0
0] PTA6 PTAS5 PTA4 PTA3 PTA2 PTA1 PTAO
Unaffected by reset
U PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
Unaffected by reset
0] U 0] 0] U U PTC1 PTCO
Unaffected by reset
Unimplemented
U DDRAG6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
U 0 0 0 0 0 0 0
R = Reserved Bold = Buff- = Unimplemented
ered

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 10)
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Addr. Register Name
Data Direction Register
B
$0005 (DDRB)
See page 284.
Data Direction Register
C
$0006 (DDRC)
See page 288.
$0007
!
$000D

TIMA Status/Control
$000E Register (TASC)
See page 214.

TIMA Counter Register
High

(TACNTH)

See page 216.

$000F

TIMA Counter Register
Low

(TACNTL)

See page 216.

$0010

TIMA Counter Modulo
Register High
(TAMODH)

See page 217.

$0011

TIMA Counter Modulo
$0012 Register Low (TAMODL)
See page 217.

TIMA Channel 0 Sta-
tus/Control Register
(TASCO)

See page 218.

$0013

U = Unaffected X = Indetermi-
nate

Freescale Semiconductor, Inc.

Memory Map

Read:

Write:

Reset:

Read:

Write:

Reset:

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

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
U DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
U 0 0 0 0 0 0 0

DDRC1 | DDRCO
U U U U U u 0 0
Unimplemented
Unimplemented
TOF 0
TOIE | TSTOP PS2 PS1 PSO
0 TRST R
0 0 1 0 0 0 0

Bit 15 | Bit14 Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8
R R R R R R R R
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R R R R R R R R
0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1

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

CHOF

CHOIE | MSOB | MSOA ELSOB | ELSOA | TOVO CH?(MA
0
0 0 0 0 0 0 0 0
R = Reserved Bold = Buff- = Unimplemented
ered

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

TIMA Channel 0 Regis-
$0014 ter High (TACHOH)
See page 222.

TIMA Channel 0 Regis-
$0015 ter Low (TACHOL)
See page 218.

TIMA Channel 1 Sta-
tus/Control

Register (TASC1)
See page 222.

$0016

TIMA Channel 1 Regis-
$0017 ter High (TACH1H)
See page 222.

TIMA Channel 1 Regis-
$0018 ter Low (TACH1L)
See page 222.

$0019
!
$001E
$o01F Configuration Register
(CONFIG)
See page 68.

PWM Control Register 1
$0020 (PCTLY1)
See page 175.

PWM Control Register 2
$0021 (PCTL2)
See page 177.

U = Unaffected X = Indetermi-
nate

Freescale Semiconductor, Inc.

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
1/0O Section
Bit 7 6 5 4 3 2 1 Bit O
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit O
Indeterminate after reset
CH1F 0
CHI1IE MS1A ELS1B ELS1A | TOV1 CH>1(MA
0 R
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
Unimplemented
Unimplemented
BOT- TOP-
EDGE NEG NEG INDEP LVIRST |LVIPWR | STOPE | COPD
0 0 0 0 1 1 0 0
PW- PW-
DISX DISY MINT PWMF LDOK MEN
0 0 0 0 0 0 0 0
0
LDFQ1| LDFQO SEL12 | SEL34 | SEL56 |PRSC1 |PRSCO
0 0 0 0 0 0 0 0
R = Reserved Bold = Buff- = Unimplemented
ered

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

Addr. Register Name

Fault Control Register
$0022 (FCR)
See page 180.

Fault Status Register
$0023 (FSR)
See page 181.

Fault Acknowledge Reg-
$0024 ister (FTACK)
See page 182.

PWM Output Control
$0025 (PWMOUT)
See page 159.

PWM Counter Register
$0026 High (PCNTH)
See page 172.

PWM Counter Register
$0027 Low (PCNTL)
See page 172.

PWM Counter Modulo
$0028 Register High (PMODH)
See page 173.

PWM Counter Modulo
$0029 Register Low (PMODL)
See page 173.

PWM 1 Value Register
$002A High (PVAL1H)
See page 174.

U = Unaffected X = Indetermi-
nate

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

Technical Data

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:

Bit 7 6 5 4 3 2 1 Bit 0
FINT4 FMODE FINT1 FMODE
4 1
0 0 0 0 0 0 0 0
FPIN4 FFL“AG 0 0 0 0 FPIN1 FFLlAG
U 0 U 0 U 0 U 0
0 0 0 0 0 0 0
FTACK FTACK
4 1
0 0 0 0 0 0 0 0
0 | ourt-
CTL OouT6 OuUT5 OouT4 OouT3 OouT2 | OUT1
0 0 0 0 0 0 0 0
0 0 0 0 Bit 11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0
Bit 11 Bit 10 Bit 9 Bit 8
0 0 0 0 X X X X
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
X X X X X X X X
Bit 15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0
R = Reserved Bold |~ Buff- = Unimplemented
ered
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Memory Map
1/0O Section
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
. Read:
PWM 1 Value Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002B Low (PVAL1L) Write:
Seepage 174 pocet: 0 0 0 0 0 0 0 0
. Read:| ) ] ) ] ) . )
PWM 2 Value Register Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit10 | Bit9 Bit 8
$002C High (PVAL2H) Write:
Seepage 174 pocet: 0 0 0 0 0 0 0 0
. Read: ] ) . ] ] ] . ]
PWM 2 Value Register Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002D Low (PVAL2L) Write:
Seepage 174. et 0 0 0 0 0 0 0 0
. Read:
PWM 3 Value Register Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8
$002E High (PVAL3H) Write:
Seepage 174. et 0 0 0 0 0 0 0 0
. Read:
PWM 3 Value Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002F Low (PVAL3L) Write:
Seepage 174 pocet: 0 0 0 0 0 0 0 0
. Read:| ) ] ) ) ) . )
PWM 4 Value Register Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit10 | Bit9 Bit 8
$0030 High (PVAL4H) Write:
Seepage 174 pocet: 0 0 0 0 0 0 0 0
. Read: ] ) . ) ] ] . )
PWM 4 Value Register Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0031 Low (PVALA4L) Write:
Seepage 174. pocet: 0 0 0 0 0 0 0 0
. Read:
PWM 5 Value Register Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8
$0032 High (PMVAL5H) Write:
Seepage 174. et 0 0 0 0 0 0 0 0
. Read:
PWM 5 Value Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0033 Low (PVAL5L) Write:
Seepage 174. pocet: 0 0 0 0 0 0 0 0
1 Read: . . . . . . . .
PWM 6 Value Register Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit10 | Bit9 Bit 8
$0034 High (PVAL6H) Write:
Seepage 174 pocet: 0 0 0 0 0 0 0 0
U = Unaffected X = Indetermi- R = Reserved Bold |~ Buff- = Unimplemented
nate ered
Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 10)
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Addr.

$0035

$0036

$0037

$0038

$0039

$003A

$003B

$003C

$003D

$003E

Register Name

PWM 6 Value Register
Low (PMVALG6L)
See page 174.

Dead-Time Write-Once
Register (DEADTM)
See page 179.

PWM Disable Mapping
Write-Once Register
(DISMAP)

See page 179.

SCI Control Register 1
(sccey)
See page 264.

SCI Control Register 2
(scec2)
See page 267.

SCI Control Register 3
(SCC3)
See page 270.

SCI Status Register 1
(sCs1)
See page 271.

SCI Status Register 2
(SCs2)
See page 275.

SCI Data Register
(SCDR)
See page 276.

SCI Baud Rate Register
(SCBR)
See page 276.

U = Unaffected X = Indetermi-

nate

Figure 2-2. Control, Status, and Data Registers (Sheet 6 of 10)
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Memory Map

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:

Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1
LOSOP ENSCI | TXINV M WAKE ILTY PEN PTY
0 0 0 0 0 0 0 0
SCTIE| TCIE | SCRIE ILIE TE RE RWU SBK
0 0 0 0 0 0 0 0

R8 0 0
T8 ORIE NEIE FEIE PEIE
R R R
U u 0 0 0 0 0 0
SCTE TC SCRF IDLE OR NF FE PE
R R R R R R R R
1 1 0 0 0 0 0 0
0 0 0 0 0 0 BKF RPF
R R R R R R R R
0 0 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
Unaffected by reset
0 0
SCP1 SCPO SCR2 | SCR1 | SCRO
R R R
0 0 0 0 0 0 0
R = Reserved Bold |~ Buff- = Unimplemented
ered
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Addr.

$003F

$0040

$0041

$0042

$0043

$0044

$0050

$0051

$0052

$0053

$0054

Register Name

IRQ Status/Control Reg-
ister

(ISCR)

See page 303.

ADC Status and Control
Register (ADSCR)
See page 319.

ADC Data Register High
(ADRH)
See page 322.

ADC Data Register Low
(ADRL)
See page 323.

ADC Clock Register
(ADCLK)
See page 324.

TIMB Status/Control
Register (TBSC)
See page 238.

TIMB Counter Register
High

(TBCNTH)

See page 240.

TIMB Counter Register
Low

(TBCNTL)

See page 240.

TIMB Counter Modulo
Register High (TB-
MODH)

See page 241.

U = Unaffected X = Indetermi-

nate

Freescale Semiconductor, Inc.

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
I/O Section
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0
IRQF IMASK1 | MODE1
R R R R ACK1
0 0 0 0 0 0 0 0
COCO| AIEN ADCO | ADCH4 | ADCH3 | ADCH2 | ADCH1 | ADCHO
0 0 0 1 1 1 1 1
0 0 0 0 0 0 AD9 ADS8
R R R R R R R R
Unaffected by reset
AD7 ADG6 ADS5 AD4 AD3 AD2 AD1 ADO
R R R R R R R R
Unaffected by reset
ADIV2 | ADIV1 | ADIVO | ADICLK | MODE1 | MODEO 0
R
0 0 0 0 0 1 0
Unimplemented
Unimplemented
TOF 0
TOIE | TSTOP PS2 PS1 PSO
0 TRST R
0 0 1 0 0 0 0 0
Bit 15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
R R R R R R R R
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R R R R R R R R
0 0 0 0 0 0 0 0
Bit 15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
1 1 1 1 1 1 1 1
R = Reserved Bold |~ Buff- = Unimplemented
ered

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:
TIMB Counter Modulo Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bitl1 | BitO
$0055 Register Low (TBMODL) Write:
See page 241 poset 1 1 1 1 1 1 1 1
TIMB Channel 0 Sta- Read:| CHOF CHOMA
50056 tus/Control Register . CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO X
(TBSCO) '
See page 242. Reset: 0 0 0 0 0 0 0 0
. Read:| ) ] ] ) ) . )
TIMB Channel O Regis- | Bjt15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
$0057 ter High (TBCHOH) Write:
See page 246. Reset: Indeterminate after reset
. Read:
TIMB Channel 0 Regis- Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0058 ter Low (TBCHOL) Write:
See page 246. Reset: Indeterminate after reset
TIMB Channel 1 Sta- Read:| CH1F 0 CH1MA
$0059 tus/Control Register . ¢ CHL1IE - MS1A | ELS1B | ELS1A | TOV1 X
(TBSC1) '
See page 242. Reset: 0 0 0 0 0 0 0 0
. Read:| ) ] i ) ) . )
TIMB Channel 1 Regis- Bit15 | Bit14 | Bit13 | Bit12 Bit 11 Bit 10 Bit 9 Bit 8
$005A ter High (TBCH1H) Write:
See page 246. Reset: Indeterminate after reset
. Read:
TIMB Channel 1 Regis- Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
$005B ter Low (TBCH1L) Write:
See page 246. Reset: Indeterminate after reset
PLL Control Register Read: PLLIE PLLF PLLON BCS ! . . !
$005C (PCTL) Write: R R R R R
Seepage 126. poset: 0 0 1 0 1 1 1 1
PLL Bandwidth Control Read: AUTO LOCK ACQ XLD 0 0 0 0
$005D Register (PBWC) Write: R R R R R
Seepage 129. poset: 0 0 0 0 0 0 0 0
PLL Programming Reg- Read:
ister MUL7 | MUL6 MULS5 MUL4 VRS7 VRS6 VRS5 VRS4
$005E Write:
(PPG)
See page 131. Reset: 0 1 1 0 0 1 1 0
U = Unaffected X = Indetermi- = Reserved = Buff- = Unimplemented
R Bold
nate ered
Figure 2-2. Control, Status, and Data Registers (Sheet 8 of 10)
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Memory Map
I/O Section
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
$005F Reserved R R R R R R R R
SIM Break Status Regis- Read: SBSW
SFE00 ter | R R R R R R ol R
(SBSR) Write: Note
See page 336. Reset: 0
Note 1. Writing a logic O clears SBSW.
SIM Reset Status Regis- Read:| POR PIN COP ILOP ILAD 0 LVI 0
ter ...
$FEOL (SRSR) Write: R R R R R R R R
See page 108. Reset: 1 0 0 0 0 0 0
SIM Break Flag Control Read: BCFE R R R R R R R
$FEO3 Register (SBFCR) Write:
See page 109. Reset: 0
FLASH Control Register Read: 0 0 0 0 HVEN MASS |ERASE!| PGM
$FEO8 (FLCR) Write:
S 57.
e page Reset:
$FEOA Reserved R R R R R R R R
$FEOB Unimplemented
. Read:
Break Address Register Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
$FEOC High (BRKH) Write:
Seepage 334 poset: 0 0 0 0 0 0 0 0
, Read:| ) . ) . . . )
Break Address Register Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bitl | BitO
$FEOD Low (BRKL) Write:
Seepage 334 poset: 0 0 0 0 0 0 0 0
Break Status and Con- Read: BRKE | BRKA 0 0 0 0 0 0
$FEOE trol Register (BRKSCR) Write:
Seepage 333. peset: 0 0 0 0 0 0 0 0
U = Unaffected X = Indetermi- = Reserved = Buff- = Unimplemented
R Bold
nate ered
Figure 2-2. Control, Status, and Data Registers (Sheet 9 of 10)
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Memory Map

Addr. Register Name

Read:
$FEOF Register (LVISCR) Write:

LVI Status and Control

See page 308.

Reset:

Read:

FLASH Block Protect

$FF7E Register (FLBPR) Write:

See page 63.

Read:

COP Control Register

$FFFF (COPCTL) Write:

See page 294.

U = Unaffected X = Indetermi-
nate

Reset:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
LVI-
ouT 0 TRPS- 0 0 0 0 0
EL
R R R R R R R
0 0
BPR7 | BPR6 | BPR5 BPR4 BPR3 BPR2 | BPR1 | BPRO
Unaffected by reset
Low byte of reset vector
Clear COP counter
Unaffected by reset
R = Reserved Bold = Buff- = Unimplemented
ered

Figure 2-2. Control, Status, and Data Registers (Sheet 10 of 10)
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I/O Section

Table 2-1 is a list of vector locations.

Table 2-1. Vector Addresses

Address Vector

= $FFD2 SCI transmit vector (high)

3 $FFD3 SCI transmit vector (low)

A $FFD4 SCI receive vector (high)
$FFD5 SClI receive vector (low)
$FFD6 SClI error vector (high)
$FFD7 SCI error vector (low)
$FFD8 Reserved
$FFD9 Reserved
$FFDA Reserved
$FFDB Reserved
$FFDC A/D vector (high)
$FFDD A/D vector (low)
$FFDE TIMB overflow vector (high)
$FFDF TIMB overflow vector (low)

- $FFEO TIMB channel 1 vector (high)

B $FFE1 TIMB channel 1 vector (low)

& $FFE2 TIMB channel 0 vector (high)
$FFE3 TIMB channel 0 vector (low)
$FFE4 TIMA overflow vector (high)
$FFES5 TIMA overflow vector (low)
$FFE6 Reserved
$FFE7 Reserved
$FFES Reserved
$FFE9 Reserved
$FFEA TIMA channel 1 vector (high)
$FFEB TIMA channel 1 vector (low)
$FFEC TIMA channel 0 vector (high)

Y $FFED TIMA channel 0 vector (low)
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Table 2-1. Vector Addresses (Continued)

2.6 Monitor ROM

Technical Data

Address Vector

A $FFEE PWMMC vector (high)
$FFEF PWMMC vector (low)
$FFFO FAULT 4 (high)
$FFF1 FAULT 4 (low)
$FFF2 Reserved
$FFF3 Reserved
$FFF4 Reserved

> $FFF5 Reserved

S $FFF6 FAULT 1 (high)

. $FFF7 FAULT 1 (low)
$FFF8 PLL vector (high)
$FFF9 PLL vector (low)
$FFFA IRQ vector (high)
$FFFB IRQ vector (low)
$FFFC SWI vector (high)

\j $FFFD SWI vector (low)

= $FFFE Reset vector (high)

% $FFFF Reset vector (low)

313 bytes at addresses $FE10-$FF48 are reserved ROM addresses
that contain the instructions for the monitor functions.

See Section 10. Monitor ROM (MON).
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Technical Data — MC68HC908MR8

Section 3. Random-Access Memory (RAM)

3.1 Contents

3.2 Introduction. . . ... ... e 53

3.3 Functional Description. . ........ .. 53

3.2 Introduction

This section describes the 256 bytes of random-access memory (RAM)
on the MC68HC908MRS.

3.3 Functional Description

Addresses $0060-$015F are RAM locations. The location of the stack
RAM is programmable. The 16-bit stack pointer allows the stack to be
anywhere in the 64-Kbyte memory space.

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

Within page zero are 160 bytes of RAM. Because the location of the
stack RAM is programmable, all page zero RAM locations can be used
for input/output (1/0) control and user data or code. When the stack
pointer is moved from its reset location at $00FF, direct addressing
mode instructions can access efficiently all page zero RAM locations.
Page zero RAM, therefore, provides ideal locations for frequently
accessed global variables.

Before processing an interrupt, the CPU uses five bytes of the stack to
save the contents of the central processor unit (CPU) registers.

NOTE: For M6805 compatibility, the H register is not stacked.
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During a subroutine call, the CPU uses two bytes of the stack to store
the return address. The stack pointer decrements during pushes and
increments during pulls.

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

Technical Data MC68HC908MR8 — Rev 4.0

54 Random-Access Memory (RAM) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Technical Data — MC68HC908MR8

Section 4. FLASH Memory

4.1 Contents

4.2 Introduction

4.2 Introduction........... ... . .. ...,
421 Functional Description ................
4.2.2 FLASH Control Register ...............
4.2.3 FLASH Page Erase Operation...........
4.2.4 FLASH Mass Erase Operation...........
4.2.5 FLASH Program/Read Operation ........

4.3 FLASH Programming Algorithm . ..........
4.3.1 FLASH Block Protection ...............
4.3.2 FLASH Block Protect Register ..........
4.3.3 Low-Power Modes . ...................

This section describes the operation of the MC68HC908MR8 embedded
FLASH memory. This memory can be read, programmed, and erased
from a single external supply. The program and erase operations are

enabled through the use of an internal charge pump.
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4.2.1 Functional Description

Technical Data

NOTE:

The FLASH memory physically consists of an array of 7680 bytes with
an additional 46 bytes of user vectors and one byte of block protection.
An erased bit reads as a logic 1 and a programmed bit reads as a logic 0.
Program and erase operations are facilitated through control bits in a
memory mapped register. Details for these operations appear later in
this section.

Memory in the FLASH array is organized into two rows per page base.
For the 8-K word by 8-bit embedded FLASH memory, the page size is
64 bytes per page. The minimum erase page size is 64 bytes. Program
and erase operations are performed through control bits in the FLASH
control register (FLCR).

The address ranges for the user memory, control register, and vectors
are:

e $EO000-$FDFF, user memory
» $FFT7E, block protect register (FLBPR)
« $FEO08, FLASH control register (FLCR)

» 3$FFD2-$FFFF, locations reserved for user-defined interrupt and
reset vectors

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

A security feature! prevents viewing of the FLASH contents.

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

4.2.2 FLASH Control Register

The FLASH control register (FLCR) controls the FLASH program, erase,
and read operations.

Ad- $FEO08
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
HVEN MASS | ERASE PGM
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 4-1. FLASH Control Register (FLCR)

HVEN — High-Voltage Enable Bit

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

1 = High voltage enabled to array and charge pump on

0 = High voltage disabled to array and charge pump off

MASS — Mass Erase Control Bit

This read/write bit configures the memory for mass erase operation.
1 = Mass erase operation selected
0 = Mass erase operation unselected

ERASE — Erase Control Bit

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

1 = Erase operation selected

0 = Erase operation unselected
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PGM — Program Control Bit

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

1 = Program operation selected
0 = Program operation unselected

4.2.3 FLASH Page Erase Operation

Use this step-by-step procedure to erase a page (64 bytes) of FLASH
memory to read as logic 1:

1.

w

10.

© © N o g k&

Set the ERASE bit and clear the MASS bit in the FLASH control
register.

Read the FLASH block protect register.

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

Wait for a time, tyg (Minimum of 10 ps).
Set the HVEN bit.

Wait for a time, tgage (Minimum of 1 ms).
Clear the ERASE bit.

Wait for a time, tyyH (Minimum of 5 ps).
Clear the HVEN bit.

After a time, tgey (typically 1 ps), the memory can be accessed in
read mode again.

NOTE: While these operations must be performed in the order shown, other
unrelated operations may occur between the steps. Do not exceed tyyH
maximum. See 21.7 Memory Characteristics.

Technical Data
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Introduction

4.2.4 FLASH Mass Erase Operation

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

1. Setthe ERASE bit and the MASS bitin the FLASH control register.

Read the block protect register.

w

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

Wait for a time, tyg (Minimum of 10 ps).
Set the HVEN bit.

Wait for a time, tg,age (Minimum of 4 ms).
Clear the ERASE bit.

Wait for a time, tyyn (Minimum of 100 ps).
Clear the HVEN bit.

10. After atime, tgcy (typically 1 ps), the memory can be accessed in
read mode again.

© © N o g &

NOTE: Programming and erasing of FLASH locations cannot be performed by
code being executed from the FLASH memory. While these operations
must be performed in the order shown, other unrelated operations may
occur between the steps. Do not exceed tyy maximum. See 21.7
Memory Characteristics.

4.2.5 FLASH Program/Read Operation

Programming of the FLASH memory is done on a row basis. A row
consists of 32 consecutive bytes starting from address $XX00, $XX20,
$XX40, and $XX80.

Use this step-by-step procedure to program a row of FLASH memory:

1. Setthe PGM bitin the FLASH control register. This configures the
memory for program operation and enables the latching of
address and data programming.

2. Read the block protect register.
3. Write to any FLASH address with any data within the page
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address range desired.

Wait for a time, tyys (minimum of 10 ps).

Set the HVEN bit.

Wait for a time, tpgg (Minimum of 5 ps).

Write data to the FLASH address to be programmed.

Wait for a time, tprog (Minimum of 30 us).

© © N o 0 &

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

10. Clear the PGM bit.

11. Wait for a time, tyyy (Minimum of 5 ps).

12. Clear the HVEN bit.

13. After atime, tgcy (typically 1 ps), the memory can be accessed in
read mode again.

NOTE: The time between each FLASH address change, or the time between
the last FLASH address programmed to clear the PGM bit, must not
exceed the maximum programming time, tprog-

Programming and erasing of FLASH locations cannot be performed by
code being executed from the FLASH memory. While these operations
must be performed in the order shown, other unrelated operations may
occur between the steps. Do not exceed tprog Maximum. See 21.7
Memory Characteristics.

4.3 FLASH Programming Algorithm

Refer to Figure 4-2 for an algorithm for programming a row (32 bytes) of
FLASH memory.
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FLASH Programming Algorithm

Note: C PROGRAM FLASH >
This page program algorithm assumes the rows to be
programmed are initially erased. +

‘ SET PGM BIT |

Y

READ FLASH BLOCK
PROTECT REGISTER

Y

WRITE ANY DATATO
SELECTED PAGE

Y

| WAIT FOR A TIME, tyys |

Y

‘ SET HVEN BIT |

Y

| WAIT FOR A TIME, tpgg ‘

\

/

WRITE DATA TO THE FLASH
ADDRESS TO BE PROGRAMMED

Y

WAIT FOR A TIME, tprog

COMPLETED
PROGRAMMING
THIS ROW?

NO

CLEAR PGM BIT

Y

WAIT FOR A TIME, tprog

v

CLEAR HVEN BIT
Note: Y
The time between each address change, or the time
between the last FLASH address programmed to clear WAIT FOR ATIME, TPROG
the PGM bit, must not exceed the maximum
programming time, tprog- ¢

PROGRAMMING OPERATION
COMPLETE

Figure 4-2. FLASH Programming Algorithm
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4.3.1 FLASH Block Protection

Technical Data

NOTE:

Due to the ability of the on-board charge pump to erase and program the
FLASH memory in the target application, provision is made for protecting
blocks of memory from unintentional erase or program operations due to
system malfunction. This protection is done by using a FLASH protection
register (FLBPR).

The FLBPR determines the range of the FLASH memory which is to be
protected. The range of the protected area starts from a location defined
by FLBPR and ends at the bottom of the FLASH memory ($FFFF). When
the memory is protected, the HVEN bit cannot be set in either erase or
program operations.

In performing a program erase operation, the FLASH block protect
register must be read after setting the PGM or ERASE bit and before
asserting the HVEN bit.

When the block protect register is erased (all 1s), the entire memory is
accessible for program and erase. When bits within the register are
programmed (set to 0), they lock blocks of memory address ranges as
shown in 4.3.2 FLASH Block Protect Register. Once the block protect
register is programmed with value other than $FF, any erase or program
of the block protect register or the protected pages will be prohibited. The
block protect register itself can be erased or programmed only with an
external voltage Vyy present on the IRQ pin. The presence of Vy, on the
IRQ pin also allows entry into monitor mode out of reset. Therefore, the
ability to change the block protect register is voltage dependent and can
occur in either user or monitor modes.
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FLASH Programming Algorithm

4.3.2 FLASH Block Protect Register

The block protect register (FLBPR) is implemented as a byte within the
FLASH memory, and therefore can only be written during a

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

memory.
Ad- $FF7E
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:
BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO
Write:
Reset: U U U U U U U U

U= Unaffected by reset. Initial value from factory is 1.
Write to this register by a programming sequence to the FLASH memory.

Figure 4-3. FLASH Block Protect Register (FLBPR)

BPR[7:0] — Block Protect Register Bits

These eight bits represent bits [13:6] of a 16-bit memory address.
Bits[15:14] are logical 1s and bits [5:0] are logic 0s.

The resultant 16-bit address is used for specifying the start address
of the FLASH memory for block protection. The FLASH is protected
from this start address to the end of FLASH memory at $FFFF. With
this mechanism, the protect start address can be $XX00, $XX40,

$XX80, and $XXCO (64-byte page boundaries) within the FLASH
memory.
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16-BIT MEMORY ADDRESS

START ADDRESS OF
FLASH| 1|1 FLBPR VALUE 0(0j0j0|0]|O
BLOCK PROTECT

Figure 4-4. FLASH Block Protect Address

$80 = The entire FLASH memory is protected.
$81 = Protected range: $E040-$FFFF
$82 = Protected range: $E080-$FFFF
l l !
$FE = Protected range: $FF80-$FFFF
$FF = Entire FLASH memory is not protected.

If all bits are erased, then all of the memory is available for erase and
program. The presence of a voltage Vi, on the IRQ pin will bypass the
block protection so that all of the memory, including the block protect
register, is open for program and erase operations.

4.3.3 Low-Power Modes

4.3.3.1 Wait Mode

Technical Data

NOTE:

The WAIT and STOP instructions will place the MCU in a low power-
consumption standby mode.

Putting the MCU into wait mode while the FLASH is in read mode does
not affect the operation of the FLASH memory directly, but there will not
be any memory activity since the CPU is inactive.

The WAIT instruction should never be executed while performing a
program or erase operation on the FLASH. When the MCU is put into
wait mode, the charge pump for the FLASH is disabled so that either a
program or erase operation will not continue. If the memory is in either
program mode (PGM =1, HVEN = 1) or erase mode (ERASE =1,
HVEN = 1), then it will remain in that mode during wait.

Exiting from wait must now be done with a reset rather than an interrupt
because if exiting wait with an interrupt, the memory will not be in read
mode and the interrupt vector cannot be read from the memory.
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FLASH Programming Algorithm

4.3.3.2 Stop Mode

If the FLASH is in read mode, when the MCU is put into stop mode, the
FLASH will be put into low-power standby mode.

The STOP instruction should never be executed while performing a
program or erase operation on the FLASH. Otherwise the operation will
be discontinued and the FLASH will be in standby mode.

NOTE: Standby mode is the power-saving mode of the FLASH module, in which
all internal control signals to the FLASH are inactive and the current
consumption of the FLASH is minimum.
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Technical Data — MC68HC908MR8

Section 5. Configuration Register (CONFIG)

5.1 Contents

52 Introduction. . . ... ... e 67
5.3 CONFIG . ... 68
54 CONFIG BItS . ..o e e e e 68

5.2 Introduction

This section describes the configuration register (CONFIG).
The CONFIG registers contain bits that configure these options:
¢ Resets caused by the low-voltage inhibit (LVI) module
* Power to the LVI module
« Computer operating properly (COP) module
e Top-side pulse-width modulator (PWM) polarity
* Bottom-side PWM polarity
« Edge-aligned versus center-aligned PWMs
* Six independent PWMs versus three complementary PWM pairs

« STOP instruction enable
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5.3 CONFIG

The configuration register (CONFIG) is a write-once register. Once the
register is written, further writes will have no effect until a reset occurs.

5.4 CONFIG Bits

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

Address: $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read: BOT- | Top- LVIP-
wiite:| T°CF | NEc | neg | INDEP |LVIRSTI “\yp | STOPE| COPD
Reset
states:

Figure 5-1. CONFIG Register

EDGE — Edge-Align Enable Bit

EDGE determines if the motor control PWM will operate in
edge-aligned mode or center-aligned mode. See Section 9.
Pulse-Width Modulator for Motor Control (PWMMC).

1 = Edge-aligned mode enabled

0 = Center-aligned mode enabled

BOTNEG — Bottom-Side PWM Polarity Bit

BOTNEG determines if the bottom-side PWMs will have positive or
negative polarity. See Section 9. Pulse-Width Modulator for Motor
Control (PWMMC).

1 = Negative polarity

0 = Positive polarity
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CONFIG Bits

TOPNEG — Top-Side PWM Polarity Bit

TOPNEG determines if the top-side PWMs will have positive or
negative polarity. See Section 9. Pulse-Width Modulator for Motor
Control (PWMMCQC).

1 = Negative polarity

0 = Positive polarity

INDEP — Independent Mode Enable Bit

INDEP determines if the motor control PWMs will be six independent
PWNMs or three complementary PWM pairs. See Section 9.
Pulse-Width Modulator for Motor Control (PWMMC).

1 = Six independent PWMs

0 = Three complementary PWM pairs

LVIPWR — LVI Power Enable Bit

LVIPWR enables the LVI module. See Section 17. Low-Voltage
Inhibit (LVI).

1 = LVI module power enabled

0 = LVI module power disabled

LVIRST — LVI Reset Enable Bit

LVIRST enables the reset signal from the LVI module. See
Section 17. Low-Voltage Inhibit (LVI).

1 = LVI module resets enabled

0 = LVI module resets disabled

STOPE — STOP Enable Bit

STOPE enables the STOP instruction. See Section 6. Central
Processor Unit (CPU).
1 = STOP instruction is enabled.
0 = STOP instruction is disabled and executes as an illegal
instruction.

COPD — COP Disable Bit

COPD disables the COP module. See Section 15. Computer
Operating Properly (COP).

1 = COP module disabled

0 = COP module enabled
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This section describes the central processor unit (CPUO8, version A).
The M68HCO08 CPU is an enhanced and fully object-code-compatible
version of the M68HCO05 CPU. The CPUO8 Reference Manual, Motorola
document number CPUOBRM/AD, contains a description of the CPU
instruction set, addressing modes, and architecture.
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6.3 Features

Features of the CPU include:

6.4 CPU Registers

Fully upward, object-code compatibility with M68HCO5 family
16-bit stack pointer with stack manipulation instructions

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

64-Kbyte program/data memory space

Sixteen addressing modes

Memory-to-memory data moves without using the accumulator
Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions
Enhanced binary-coded decimal (BCD) data handling

Modular architecture with expandable internal bus definition for
extension of addressing range beyond 64 Kbytes

Low-power stop and wait modes

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

Technical Data

7 0
[T T T T T T T ] AccumMuLATOR (A)

15 0
[TTTHTTTTTTTIXxT T T ] NDEXREGISTER (HX)

15 0
N N B = e e L )

15 0
LI LTI T T T T TTT T T[T ] ProcraMCOUNTER (PC)

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

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

Figure 6-1. CPU Registers
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6.4.1 Accumulator

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

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

Figure 6-2. Accumulator (A)

6.4.2 Index Register

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

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

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

Read:
Write:

S;fooooooooxxxxxxxx

X = Indeterminate

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

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

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

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

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Read:
Write:
Re-
o o o o o o o 1 1 1 1 1 1 1 1
set:

Figure 6-4. Stack Pointer (SP)

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

MC68HC908MR8 — Rev 4.0

74

Central Processor Unit (CPU) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Central Processor Unit (CPU)
CPU Registers

6.4.4 Program Counter

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

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

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

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read:
Write:
sReetT Loaded with vector from $FFFE and $FFFF
Figure 6-5. Program Counter (PC)
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6.4.5 Condition Code Register

Technical Data

The 8-bit condition code register (CCR) contains the interrupt mask and
five flags that indicate the results of the instruction just executed. Bit 6
and bit 5 are set permanently to logic 1. The functions of the condition
code register are described here.

Bit 7 6 5 4 3 2 1 Bit 0
Read
: Vv 1 1 H | N z C
Write:
Re- 1 1 X 1 X X X
set:

X = Indeterminate

Figure 6-6. Condition Code Register (CCR)

V — Overflow Flag

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

1 = Overflow

0 = No overflow

H — Half-Carry Flag

The CPU sets the half-carry flag when a carry occurs between
accumulator bits 3 and 4 during an add without carry (ADD) or add
with carry (ADC) operation. The half-carry flag is required for
binary-coded decimal (BCD) arithmetic operations. The DAA
instruction uses the states of the H and C flags to determine the
appropriate correction factor.

1 = Carry between bits 3 and 4

0 = No carry between bits 3 and 4

| — Interrupt Mask

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

MC68HC908MR8 — Rev 4.0

76

Central Processor Unit (CPU) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Central Processor Unit (CPU)
CPU Registers

1 = Interrupts disabled
0 = Interrupts enabled

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

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

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

N — Negative Flag

The CPU sets the negative flag when an arithmetic operation, logic

operation, or data manipulation produces a negative result, setting
bit 7 of the result.

1 = Negative result
0 = Non-negative result

Z — Zero Flag

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

1 = Zero result

0 = Non-zero result

C — Carry/Borrow Flag

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

1 = Carry out of bit 7

0 = No carry out of bit 7
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6.5 Arithmetic/Logic Unit (ALU)

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

Refer to the CPUO8 Reference Manual, Motorola document number
CPUO8SRM/AD, for a description of the instructions and addressing
modes and more detail about CPU architecture.

6.6 Low-Power Modes

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

6.6.1 Wait Mode

The WAIT instruction:

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

» Disables the CPU clock

6.6.2 Stop Mode

The STOP instruction:

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

+ Disables the CPU clock

After exiting stop mode, the CPU clock begins running after the oscillator
stabilization delay.
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6.7 Instruction Set Summary

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

Table 6-1. Instruction Set Summary (Sheet 1 of 8)

EffectonCCR | & o | B

Sl?(l)Jrrnie Operation Description £3 § g é
VIH[I[N|Z]|C 22 & § &

ADC #opr IMM A9 i 2
ADC opr DIR B9 |dd 3
ADC opr EXT C9 |hhill | 4
ADC opr,X . IX2 D9 |eeff |4
ADC opr.X Add with Carry A~ (A)+(M)+(C) R R A Eo |ff 3
ADC X IX F9 2
ADC opr,SP SP1 9EE9 |ff 4
ADC opr,SP SP2 9ED9 |eeff |5
ADD #opr IMM AB i 2
ADD opr DIR BB |dd 3
ADD opr EXT CB |hhil | 4
ADD opr,X . IX2 DB |eeff |4
ADD opr X Add without Carry A < (A)+ (M) A e AR e EB |ff 3
ADD X IX FB 2
ADD opr,SP SP1 9EEB |ff 4
ADD opr,SP SP2 9EDB |eeff |5
AIS #opr Add Immediate Value (Signed) to SP SP — (SP) + (16 « M) -|=1=1=1=-1-|IMM A7 i 2
AIX #opr Add Immediate Value (Signed) to H:X H:X « (H:X) + (16 « M) -|=1=1=1=-{-|IMM AF i 2
AND #opr IMM Ad i 2
AND opr DIR B4 |dd 3
AND opr EXT C4 |hhil | 4
AND opr,X . IX2 D4 |eeff | 4
AND opr X Logical AND A< (A)&M) Of=|-|2t]|2t]- X1 E4 |ff 3
AND X IX F4 2
AND opr,SP SP1 9EE4 |ff 4
AND opr,SP SP2 9ED4 |eeff | 5
ASL opr DIR 38 |dd 4
ASLA INH 48 1
ASLX Arithmetic Shift Left INH 58 1

C={TTTTTTT}! ==

ASL opr.X (Same as LSL) EEEEEEEE, ¢ Pl X 68 |ff |4
ASL X b7 b0 IX 78 3
ASL opr,SP SP1 9E68 |ff 5
ASR opr DIR 37 |dd 4
ASRA INH 47 1
ASRX : okt D INH 57 1
ASR opr.X Arithmetic Shift Right =l 67 |ff 4
ASR opr,X IX 77 3
ASR opr,SP SP1 9EG67 |ff 5
BCC rel Branch if Carry Bit Clear PC — (PC)+2+rel?(C)=0 -|-|-1-|-|-|REL 24 |rr 3
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Table 6-1. Instruction Set Summary (Sheet 2 of 8)

EffectonCCR | @ o | 2
Slgéjrrn(;e Operation Description % 3 § g é
HII'|N|Z|C 22 & g | &
DIR(h0) | 11 |dd 4
DIR (b1) | 13 |dd 4
DIR(b2) | 15 |dd 4
- DIR (b3) | 17 |dd 4
BCLR n, opr Clear Bitnin M Mnh <0 171717~ DR (b4) | 19 |dd 4
DIR (b5) | 1B |dd 4
DIR(b6) | 1D |dd 4
DIR (b7) | 1F |dd 4
BCS rel Branch if Carry Bit Set (Same as BLO) PC - (PC)+2+rel?(C)=1 -|-{-|-]-|REL 25 rr 3
BEQ rel Branch if Equal PC - (PC)+2+rel?(2)=1 -|-1-1-]-|REL 27 | 3
Branch if Greater Than or Equal To I\ =
BGE opr (Signed Operands) PC —« (PC)+2+rel?(NYV)=0 -|-1-1-]-|REL 90 | 3
Branch if Greater Than 7 \/\ =
BGT opr (Signed Operands) PC - PC)+2+rel?(Z)|(NYV)=0 -1-1-|-1-|REL 92 |rr 3
BHCC rel Branch if Half Carry Bit Clear PC — (PC)+2+rel?(H)=0 -|-1-1-]-|REL 28 |mr 3
BHCS rel Branch if Half Carry Bit Set PC — (PC)+2+rel?(H) =1 -|-1-1-]-|REL 29 |mr 3
BHI rel Branch if Higher PC - (PC)+2+rel?(C)|(2)=0 -|-1-1-]-|REL 22 | 3
Branch if Higher or Same -
BHS rel (Same as BCC) PC — (PC)+2+rel?(C)=0 -1-1-|-1-|REL 24 |mr 3
BIH rel Branch if IRQ Pin High PC — (PC)+2+rel?IRQ=1 -|-|-1-|-|REL 2F | 3
BIL rel Branch if IRQ Pin Low PC — (PC)+2+rel ?IRQ=0 -|-{-1-|-|REL 2E i 3
BIT #opr IMM A5 i 2
BIT opr DIR B5 |dd 3
BIT opr EXT C5 |hhill | 4
BIT opr,X . IX2 D5 |eeff |4
BIT opr X Bit Test A &M 1T X E5 |ff |3
BIT X IX F5 2
BIT opr,SP SP1 9EES |ff 4
BIT opr,SP SP2 9ED5 |eeff |5
Branch if Less Than or Equal To 7 \/\ =
BLE opr (Signed Operands) PC — PC)+2+rel?(2)|(NYV)=1 -|-{-|-]-|REL 93 |rr 3
BLO rel Branch if Lower (Same as BCS) PC - (PC)+2+rel?(C)=1 -|-{-|-]-|REL 25 |rr 3
BLS rel Branch if Lower or Same PC « (PC)+2+rel?(C)|(2)=1 -|-1-1-]-|REL 23 | 3
BLT opr Branch if Less Than (Signed Operands) PC — (PC)+2+rel?(NYV)=1 -|-1-1-]-|REL 91 | 3
BMC rel Branch if Interrupt Mask Clear PC - (PC)+2+rel?()=0 -|-1-1-]-|REL 2C |mr 3
BMI rel Branch if Minus PC - (PC)+2+rel?(N)=1 -|-1-1-]-|REL 2B |rr 3
BMS rel Branch if Interrupt Mask Set PC - PC)+2+rel?()=1 -|-1-1-1-|REL 2D |mr 3
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Table 6-1. Instruction Set Summary (Sheet 3 of 8)

EffectonCCR | @ o | 2
SIS(;Jrrn(;e Operation Description % 3 § g é
HINZIC 22 | 8|8 |8
BNE rel Branch if Not Equal PC — (PC)+2+rel?(2)=0 -|-1-1-]-|REL 26 |rr 3
BPL rel Branch if Plus PC — (PC)+2+rel?(N)=0 -|-1-1-]-|REL 2A rr 3
BRA rel Branch Always PC " (PC)+2+rel -|-1-1-]-|REL 20 |rr 3
DIR(b0) | 01 |ddrr |5
DIR (b1) | 03 |ddrr |5
DIR(b2) | 05 |ddrr |5
o _ DIR(b3) | 07 |ddrr |5
BRCLR n,opr,rel |Branch if Bit n in M Clear PC « (PC)+3+rel?(Mn)=0 -|=1-1-1]t DIR(b4) | 09 |ddrr |5
DIR(b5) | OB |ddrr |5
DIR (b6) | OD |ddrr |5
DIR(b7) | OF |(ddrr |5
BRN rel Branch Never PC — (PC)+2 -|-1-1-]-|REL 21 | 3
DIR(b0) | 00 |ddrr |5
DIR(b1) | 02 |ddrr |5
DIR(b2) | 04 |ddrr |5
o _ DIR (b3) | 06 |ddrr |5
BRSET n,opr,rel |Branch if Bitn in M Set PC — (PC)+3+rel? (Mn)=1 -|=1-1-1t DIR(b4) | 08 |ddrr |5
DIR (b5) | OA |ddrr |5
DIR (b6) | OC |ddrr |5
DIR(b7) | OE |ddrr |5
DIR(b0) | 10 |dd 4
DIR (b1) | 12 |dd 4
DIR(b2) | 14 |dd 4
T DIR (b3) | 16 |dd 4
BSET n,opr SetBitnin M Mn <1 171717~ DR (b4) | 18 |dd 4
DIR (b5) | 1A |dd 4
DIR (b6) | 1C |dd 4
DIR (b7) | 1E |dd 4
PC — (PC) + 2; push (PCL)
; SP — (SP)-1, push (PCH) oo
BSR rel Branch to Subroutine SP . (SP)-1 REL AD (rr 4
PC « (PC) + rel
CBEQ opr,rel PC « (PC)+3+rel ? (A)— (M) = DIR 31 |ddmr |5
CBEQA #oprrel PC — (PC) +3+rel? (A)-(M) = IMM 41 iirr 4
CBEQX #opr,rel . PC — (PC)+3+rel ? (X)-(M)= IMM 51 iirr 4
CBEQ opr,x+,rel |Compare and Branch if Equal PC « (PC)+3+rel 2 (A) - (M) = ol il e e 61 |ffrr |5
CBEQ X+ rel PC « (PC)+2+rel ? (A)— (M) = IX+ 71 | 4
CBEQ opr,SPrrel PC « (PC)+4 +rel? (A)-(M)= SP1 9E61 |ffrr 6
CLC Clear Carry Bit C-0 -|=1-1-10/INH 98 1
CLI Clear Interrupt Mask | <0 -10]-{-1|-|INH 9A 2
CLR opr M — $00 DIR 3F |dd 3
CLRA A ~ $00 INH 4F 1
CLRX X ~ $00 INH 5F 1
CLRH Clear H ~ $00 -{-]0|1|-]|INH 8C 1
CLR opr,X M ~ $00 IX1 6F |ff 3
CLR X M ~ $00 IX 7F 2
CLR opr,SP M ~ $00 SP1 9EGF |ff 4
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Table 6-1. Instruction Set Summary (Sheet 4 of 8)

EffectonCCR | @ o | 2
Sig;rnie Operation Description % 3 g g é
VIH[I[N|Z]|C 22 & g | &
CMP #opr IMM Al i 2
CMP opr DIR Bl |dd 3
CMP opr EXT Cl |hhill | 4
CMP opr,X . IX2 D1 |eeff |4
CMP opr.X Compare A with M (A) - (M) R R A EL |ff 3
CMP X IX F1 2
CMP opr,SP SP1 9EE1 |ff 4
CMP opr,SP SP2 9ED1 |eeff |5
COM opr M — (M) = $FF — (M) DIR 33 [dd |4
COMA A — (A)=$FF - (M) INH 43 1
COMX , X « (X) = $FF - (M) INH 53 1
COM opr.X Complement (One’s Complement) M < (M) = $FF — (M) Ol-1-1*] ¢ x1 63 |ff 4
COM X M — (M) = $FF - (M) IX 73 3
COM opr,SP M — (M)=$FF - (M) SP1 9EG3 |ff 5
CPHX #opr A } . IMM 65 [iiiitl | 3
CPHX opr Compare H:X with M (H:X) = (M:M +1) ==Y Y DR 75 |dd 4
CPX #opr IMM A3 i 2
CPX opr DIR B3 |dd 3
CPX opr EXT C3 |hhill | 4
CPX X ; IX2 D3 |eeff |4
CPX oprX Compare X with M (X) = (M) R R E3 |f 3
CPX opr,X IX F3 2
CPX opr,SP SP1 9EE3 |ff 4
CPX opr,SP SP2 9ED3 |eeff |5
DAA Decimal Adjust A (A)10 Ul=|-]¢t|¢t]| t|INH 72 2
Ac@)-1oM « (M-1orX «(X)-1 5
DBNZ opr,rel PC — (PC) +3+rel ? (result) % 0 DIR 3B |ddrr 3
DBNZA rel PC — (PC) + 2 +rel ? (result) %4 0 INH 4B |rr 3
DBNZX rel Decrement and Branch if Not Zero PC — (PC) +2 +rel ? (result) % 0 -|=1=1-1]-{-|INH 5B |Ir 5
DBNZ opr,X,rel PC — (PC) + 3 +rel ? (result) %4 0 IX1 6B |ffrr 4
DBNZ Xrel PC — (PC) +2 +rel ? (result) % 0 IX 7B | 6
DBNZ opr,SPrel PC — (PC) +4 +rel ? (result) %4 0 SP1 9EG6B |ff rr
DEC opr M M-1 DIR 3A |dd 4
DECA AcA-1 INH 4A 1
DECX X« (X)-1 INH 5A 1
DEC opr.X Decrement M (M)-1 T xe 6A |ff |4
DEC X M (M-1 IX 7A 3
DEC opr,SP M- (M-1 SP1 9EBA |ff 5
o A < (HA)(X)
DIV Divide H . Remainder —|=1=1{-1]%|*|INH 52 7
EOR #opr IMM A8 |ii 2
EOR opr DIR B8 |dd 3
EOR opr EXT C8 |hhill | 4
EOR opr,X . . ¢ IX2 D8 |eeff | 4
EOR opr X Exclusive OR M with A A~ (AYM) (O e N N X1 E8 |ff 3
EOR X IX F8 2
EOR opr,SP SP1 9EES8 |ff 4
EOR opr,SP SP2 9EDS |eeff | 5
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Table 6-1. Instruction Set Summary (Sheet 5 of 8)

EffectonCCR | @ o | 2

Source Operation Description % 3 § g é

Form VIH[I[N|Zlc| 28 | 8| & | &
INC opr M M+1 DIR 3C |dd 4
INCA AP+l INH 4C 1
NCopy  ["eremen Mo Hell ke | s fn |4
INC X M (M+1 IX 7C 3
INC opr,SP M (M)+1 SP1 9E6C |ff 5
JMP opr DIR BC |dd 2
JMP opr EXT CC (hhll |3
JMP opr,X Jump PC — Jump Address === 1=-1=]-1X2 DC |eeff |4
JMP opr,X IX1 EC |ff 3
JMP X IX FC 2
1SR op PC < (PO +n(1=1,2 013 BT | cb | |5
JSR opr,X Jump to Subroutine EH:E((ESH) 22 i ((g;)):i === ]-]-|X2 DD |eeff |6
jgg ?fr‘x PC — Unconditional Address :;((1 EB f Z
LDA #opr IMM A6 |ii 2
LDA opr DIR B6 |dd 3
LDA opr EXT C6 |hhil |4
LDA opr,X IX2 D6 |eeff |4
LDA opr X Load A from M A~ (M (ORI e A I IX1 E6 |ff 3
LDA X IX F6 2
LDA opr,SP SP1 9EES |ff 4
LDA opr,SP SP2 9ED6 |eeff |5
LDHX #opr . ) . o _|IMM 45 iijj 3
LDHX opr Load H:X from M HX « (M:M+1) 0 e DIR 55 |dd 4
LDX #opr IMM AE i 2
LDX opr DIR BE |dd 3
LDX opr EXT CE |hhil | 4
LDX opr,X IX2 DE |eeff |4
LDX opr X Load X from M X< M) (O I I I I IX1 EE |ff 3
LDX X IX FE 2
LDX opr,SP SP1 9EEE |ff 4
LDX opr,SP SP2 9EDE |eeff |5
LSL opr DIR 38 |dd 4
LSLA - INH 48 1
LSLX Logical Shift Left Clel TTT T[] =<0 S I S P INH 58 1
LSL opr,X (Same as ASL) b7 b0 IX1 68 |ff 4
LSL X IX 78 3
LSL opr,SP SP1 9EG8 |ff 5
LSR opr DIR 34 |dd 4
LSRA INH 44 1
LSRX - o INH 54 1

Logical Shift Right o[ [ [[[T[T] t|-1-10]1]1
o S
LSR opr,SP SP1 9E64 |ff 5
M8¥ gBP?{E—r M (M)pestination — M)source 0 BB(+ éE gg dd Z
X ove -]ttt -

MOV #opr,opr . . IMD 6E |iidd |4
MOV X+,0pr H:X — (H:X) + 1 (IX+D, DIX+) IX+D 7E |dd |4
MUL Unsigned multiply XA™ (X) ¥ (A) -10{={-]-{0|INH 42 5
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Table 6-1. Instruction Set Summary (Sheet 6 of 8)

EffectonCCR | @ o | 2
Slgéjrrn(;e Operation Description % 3 § g é
VIH|I[N|Z|C 2 2 & g | &
NEG opr M < (M) = $00 - (M) DIR 30 |dd 4
NEGA _ INH 40 1
NEGX A = —{A)=300-(A) INH 50 1
Negate (Two’s Complement) X «— —(X) = $00 - (X) o e I I B
NEG opr,X _ IX1 60 |ff 4
M — —(M) =$00 - (M)

NEG ,X M — —(M) = $00— (M) IX 70 3
NEG opr,SP < SP1 9E60 |ff 5
NOP No Operation None -|={=|-1-|-1|INH 9D 1
NSA Nibble Swap A A — (A[3:0:A[7:4]) -1=1-1-{-|-|INH 62 3
ORA #opr IMM AA i 2
ORA opr DIR BA |dd 3
ORA opr EXT CA |hhil | 4
ORA opr,X . IX2 DA |eeff | 4
ORA opr X Inclusive OR A and M A< (A|M) (O I I I A IX1 EA |ff 3
ORA X IX FA 2
ORA opr,SP SP1 9EEA |ff 4
ORA opr,SP SP2 9EDA [eeff |5
PSHA Push A onto Stack Push (A); SP — (SP)-1 —|=1=1{=]-={-|INH 87 2
PSHH Push H onto Stack Push (H); SP — (SP)-1 -1=1-1-{-|-|INH 8B 2
PSHX Push X onto Stack Push (X); SP — (SP)-1 -|={=|=1-|-1|INH 89 2
PULA Pull A from Stack SP — (SP +1); Pull (A) -|=1=1{=1]-{-|INH 86 2
PULH Pull H from Stack SP — (SP +1); Pull (H) -|=1=1{=1]-{-|INH 8A 2
PULX Pull X from Stack SP « (SP +1); Pull (X) -|=1=1{=1]-{-|INH 88 2
ROL opr DIR 39 |dd 4
ROLA INH 49 1
ROLX G~ [T INH | 59 L
ROL opr.X Rotate Left through Carry Cl llllll tl=l= L] g0 | 1
ROL X IX 79 3
ROL opr,SP SP1 9EG9 |ff 5
ROR opr DIR 36 |dd 4
RORA .J INH 46 1
RORX | R INH | 56 L
ROR opr.X Rotate Right through Carry . - vl==L e 66 |ff A
ROR X IX 76 3
ROR opr,SP SP1 9E66 |ff 5
RSP Reset Stack Pointer SP — $FF o e e e 9C 1

SP — SP)+1; Pull (CCR)

SP « (SP) +1; Pull (A)
RTI Return from Interrupt SP — (SP) + 1; Pull (X) sl e] ] ¢ t|INH 80 7

SP — (SP) + 1; Pull (PCH)

SP « (SP) + 1; Pull (PCL)

; SP « SP+1; Pull (PCH)
RTS Return from Subroutine SP  SP+1: Pull (PCL) -|=1=1{=1]-{-|INH 81 4

Technical Data MC68HC908MR8 — Rev 4.0

84 Central Processor Unit (CPU) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.
Central Processor Unit (CPU)

Table 6-1. Instruction Set Summary (Sheet 7 of 8)

Instruction Set Summary

EffectonCCR | @ o | 2

SIS(;Jrrn(;e Operation Description % 3 § g é
VIH[I[N|Z]|C 22 & g | &

SBC #opr IMM A2 il 2
SBC opr DIR B2 |dd 3
SBC opr EXT C2 |hhll | 4
SBC opr,X . IX2 D2 |eeff |4
SBC opr X Subtract with Carry A~ (A)-(M)-(C) R R A B2 |ff 3
SBC X IX F2 2
SBC opr,SP SP1 9EE2 |ff 4
SBC opr,SP SP2 9ED2 |eeff |5
SEC Set Carry Bit C-1 —|=1=1{=]-={1|INH 99 1
SEl Set Interrupt Mask | 1 —|=11{=|-={-|INH 9B 2
STA opr DIR B7 |dd 3
STA opr EXT C7 |hhill | 4
STA opr,X IX2 D7 |eeff | 4
STA opr,X Store Ain M M~ (A) O|—[—-(s|t|-(IX1 E7 |ff 3
STA X IX F7 2
STA opr,SP SP1 9EE7 |ff 4
STA opr,SP SP2 9ED7 |eeff | 5
STHX opr Store H:Xin M (MM +1) « (H:X) O|-{—-|t|¢|-|DIR 35 |dd 4
STOP Enable IRQ Pin; Stop Oscillator | — 0; Stop Oscillator —|=10[={-|-|INH 8E 1
STX opr DIR BF |dd 3
STX opr EXT CF |hhill | 4
STX opr,X IX2 DF |eeff | 4
STX opr,X Store Xin M M « (X) O|—[—-[s|t|-|IX EF |ff 3
STX X IX FF 2
STX opr,SP SP1 9EEF |ff 4
STX opr,SP SP2 9EDF |eeff |5
SUB #opr IMM A0 |ii 2
SUB opr DIR BO |dd 3
SUB opr EXT CO |hhill | 4
SUB opr,X IX2 DO |eeff | 4
SUB opr X Subtract A~ (A)-(M) e e R A E0 |ff 3
SUB X IX FO 2
SUB opr,SP SP1 9EEO |ff 4
SUB opr,SP SP2 9EDO |eeff | 5

PC — (PC) +1; Push (PCL)
SP — (SP)-1; Push (PCH)
SP « (SP) -1, Push (X)
SP — (SP)-1,; Push (A) o R
SWI Software Interrupt SP < (SP)~1; Push (CCR) 1 INH 83 9
SP"(SP)-1;1"1
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte

TAP Transfer Ato CCR CCR < (A) tlef ] 2] ¢ t|INH 84 2
TAX Transfer A to X X < (A) -|=1=1-1-{-|INH 97 1
TPA Transfer CCR to A A — (CCR) -|=1=1{=1]-{-|INH 85 1
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Table 6-1. Instruction Set Summary (Sheet 8 of 8)

EffectonCCR | @ o | 2
Source Operation Description % 3 g g g
Form VIH|I|N|Zlc| B2 | 2 | & |5
< = (@) @) (&)
TST opr DIR 3D |dd 3
TSTA INH 4D 1
%Pf)pr,x Test for Negative or Zero (A) - $00 or (X) — $00 or (M) — $00 Of-|-|t|2|- :)h(lll-l gg ﬁ é
TST X IX 7D 2
TST opr,SP SP1 9E6D |ff 4
TSX Transfer SP to H:X HX « (SP)+1 -|=1-1-1]-{-|INH 95 2
TXA Transfer X to A A < (X) -|=1-1-1]-{-|INH 9F 1
XS Transfer H:X to SP (SP) « (H:X)-1 -|=1-1-1]-{-|INH 94 2
WAIT Enable Interrupts; Stop Processor I bit — 0 -|=10{=|-={-|INH 8F 1
A Accumulator n Any bit
C Carry/borrow bit opr Operand (one or two bytes)
CCR Condition code register PC Program counter
dd Direct address of operand PCH Program counter high byte
dd rr  Direct address of operand and relative offset of branch instruction PCL Program counter low byte
DD Direct to direct addressing mode REL Relative addressing mode
DIR  Direct addressing mode rel  Relative program counter offset byte
DIX+ Direct to indexed with post increment addressing mode rr Relative program counter offset byte
ee ff  High and low bytes of offset in indexed, 16-bit offset addressing SP1 Stack pointer, 8-bit offset addressing mode
EXT Extended addressing mode SP2 Stack pointer 16-bit offset addressing mode
ff Offset byte in indexed, 8-bit offset addressing SP  Stack pointer
H Half-carry bit U Undefined
H Index register high byte \% Overflow bit
hhll  High and low bytes of operand address in extended addressing X Index register low byte
| Interrupt mask z Zero bit
i Immediate operand byte & Logical AND
IMD  Immediate source to direct destination addressing mode | Logical OR
IMM  Immediate addressing mode O Logical EXCLUSIVE OR
INH  Inherent addressing mode () Contents of
IX Indexed, no offset addressing mode —() Negation (two's complement)
IX+ Indexed, no offset, post increment addressing mode # Immediate value
IX+D Indexed with post increment to direct addressing mode « Sign extend
IX1  Indexed, 8-bit offset addressing mode - Loaded with
? If

IX1+ Indexed, 8-bit offset, post increment addressing mode
IX2 Indexed, 16-bit offset addressing mode

M Memory location
N Negative bit

6.8 Opcode Map

See Table 6-2.

Concatenated with
Set or cleared
Not affected
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7.2 Introduction

Technical Data

This section describes the system integration module (SIM). Together
with the central processor unit (CPU), the SIM controls all
microcontroller unit (MCU) activities. A block diagram of the SIM is
shown in Figure 7-1. Figure 7-2 is a summary of the SIM inout/output
(I/0) registers.

The SIM is a system state controller that coordinates CPU and exception
timing. The SIM is responsible for:

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

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

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

 CPU enable/disable timing

* Modular architecture expandable to 128 interrupt sources
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| » MODULE WAIT
STOPNIAT » MODULE STOP
- CPU WAIT (FROM CPU)
CONTROL | o CPU STOP (FROM CPU)
| > SIMOSCEN (TO CGM)
SIM
-
COUNTER [ CoPcLOCK
A
CGMXCLK (FROM CGM)
CGMOUT (FROM CGM)
+2
Y Y
Cgkﬁ%l_ CLOCK GENERATORS > INTERNAL CLOCKS
A
RESET |o | POR CONTROL - <«—— VI (FROM LVI MODULE)
PINLOGIC - p— MRAESSTEETR «—— ILLEGAL OPCODE (FROM CPU)
RESET PIN CONTROL > ILLEGAL ADDRESS (FROM ADDRESS
PN CONTROL [ MAP DECODERS)
SIM RESET STATUS REGISTER K — )} < COP (FROM COP MODULE)
RESET
INTERRUPT CONTROL INTERRUPT SOURCES
AND PRIORITY DECODE > CPU INTERFACE
Figure 7-1. SIM Block Diagram
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read: SBSW
SIM Break Status Register Write: R R R R R R Note 1 R
$FEOO (SBSR) ’
See page 106. Re- 0
set:
Read:| POR PIN COP | ILOP | ILAD 0 LVI 0
SIM Reset Status Register oo
$FEOL (SRSR) Write: R R R R R R R R
See page 108. -
pag Re- 0 0 0 0 0 0 0
set:
Read:
SIM Break Flag Control Write: BCFE R R R R R R R
$FEO3 Register (SBFCR) :
See page 109. Re- 0
set:
Note 1. Writing a logic O clears SB- = Reserved
R
SW.
Figure 7-2. SIM I/O Register Summary
Table 7-1 shows the internal signal names used in this section.
Table 7-1. Signal Name Conventions
Signal Name Description
CGMXCLK Buffered version of OSC1 from clock generator module (CGM)
CGMVCLK PLL output
CGMOUT PLL-based or OSC1-based clock output from CGM module
(bus clock = CGMOUT divided by two)
IAB Internal address bus
IDB Internal data bus
PORRST Signal from the power-on reset module to the SIM
IRST Internal reset signal
R/W Read/write signal
Technical Data MC68HC908MR8 — Rev 4.0
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7.3 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and
peripherals on the MCU. The system clocks are generated from an
incoming clock, CGMOUT, as shown in Figure 7-3. This clock can come
from either an external oscillator or from the on-chip phase-locked loop
(PLL). See Section 8. Clock Generator Module (CGM).

CGMXCLK
osct . . »] SIMCOUNTER |
L CLOCK L.
SELECT || + 2 A CcemouT »| - [»| BUSCLOCK
CGMVCLK CIRCUIT [ Lalg & GENERATORS
A *When S =1,
CGMOUT = B
PLL BCS SIM
MONITOR MODE
USER MODE
CGM

Figure 7-3. CGM Clock Signals

7.3.1 Bus Timing

In user mode, the internal bus frequency is either the crystal oscillator
output (CGMXCLK) divided by four or the PLL output (CGMVCLK)
divided by four. See Section 8. Clock Generator Module (CGM).

7.3.2 Clock Startup from POR or LVI Reset

When the power-on reset (POR) module or the low-voltage inhibit (LVI)
module generates a reset, the clocks to the CPU and peripherals are
inactive and held in an inactive phase until after the 4096 CGMXCLK
cycle POR timeout has completed. The RST pin is driven low by the SIM

during this entire period. The IBUS clocks start upon completion of the
timeout.
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7.3.3 Clocks in Wait Mode

In wait mode, the CPU clocks are inactive. The SIM also produces two
sets of clocks for other modules. Refer to the wait mode subsection of
each module to see if the module is active or inactive in wait mode.
Some modules can be programmed to be active in wait mode.

7.4 Reset and System Initialization

The MCU has these reset sources:
* Power-on reset module (POR)
« External reset pin (RST)
« Computer operating properly module (COP)
* Low-voltage inhibit module (LVI)
* lllegal opcode

* lllegal address

All of these resets produce the vector $FFFE-FFFF ($FEFE-FEFF in
monitor mode) and assert the internal reset signal (IRST). IRST causes
all registers to be returned to their default values and all modules to be
returned to their reset states.

An internal reset clears the SIM counter (see 7.5 SIM Counter), but an
external reset does not. Each of the resets sets a corresponding bit in
the SIM reset status register (SRSR). See 7.7.4 SIM Reset Status
Register.

7.4.1 External Pin Reset

Pulling the asynchronous RST pin low halts all processing. The PIN bit
of the SIM reset status register (SRSR) is set as long as RST is held low
for a minimum of 67 CGMXCLK cycles, assuming that neither the POR
nor the LVI was the source of the reset. See Table 7-2 for detalils.
Figure 7-4 shows the relative timing.
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Table 7-2. PIN Bit Set Timing

Reset Type Number of Cycles Required to set PIN
POR/LVI 4163 (4096 + 64 + 3)
All Others 67 (64 + 3)

CGMOUT
RST
X A veerw Joveer X

Figure 7-4. External Reset Timing

1A

W

7.4.2 Active Resets from Internal Sources

All internal reset sources actively pull the RST pin low for 32 CGMXCLK
cycles to allow resetting of external peripherals. The internal reset signal
(IRST) continues to be asserted for an additional 32 cycles (see
Figure 7-5). Aninternal reset can be caused by an illegal address, illegal
opcode, COP timeout, LVI, or POR (see Figure 7-6).

NOTE: For LVl or POR resets, the SIM cycles through 4096 CGMXCLK cycles
during which the SIM forces the RST pin low. The internal reset signal
then follows the sequence from the falling edge of RST as shown in
Figure 7-5.

IRST
RST RST PULLED LOW BY MCU |
[<¢—— 32 CYCLES —»4—— 32 CYCLES —»

cawe [ [T [ [ LI LT
8. ARG veerormien ¥

Figure 7-5. Internal Reset Timing
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The COP reset is asynchronous to the bus clock.

ILLEGAL ADDRESS RST

ILLEGAL OPCODE RST
COPRST INTERNAL RESET

LvI

POR

Figure 7-6. Sources of Internal Reset

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

7.4.2.1 Power-On Reset (POR)

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

* A POR pulse is generated.

* The internal reset signal is asserted.

* The SIM enables CGMOUT.

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

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

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

4096 32 32
CYCLES CYCLES CYCLES

—— > f——a—>
CGMXCLK

Lo R R S ' S S S R e
RST o

( (C
) ) )

(

)

IAB ( ( ( >< $FFFE >< $FFFF
) ) ) ) ) )

Figure 7-7. POR Recovery

7.4.2.2 Computer Operating Properly (COP) Reset

An input to the SIM is reserved for the COP reset signal. The overflow of
the COP counter causes an internal reset and sets the COP bit in the
SIM reset status register (SRSR). The SIM actively pulls down the RST
pin for all internal reset sources.

To prevent a COP module timeout, write any value to location $FFFF.
Writing to location $FFFF clears the COP counter and bits 12—4 of the
SIM counter. The SIM counter output, which occurs at least every
213_24 CGMXCLK cycles, drives the COP counter. The COP should be
serviced as soon as possible out of reset to guarantee the maximum
amount of time before the first timeout.

The COP module is disabled if the RST pin or the @ pin is held at
Vpp + Vy while the MCU is in monitor mode. The COP module can be
disabled only through combinational logic conditioned with the high
voltage signal on the RST or the IRQ pin. This prevents the COP from
becoming disabled as a result of external noise. During a break state,
Vpp + Vy on the RST pin disables the COP module.
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7.4.2.3 lllegal Opcode Reset

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

Because the MC68HCO8MRS8 has stop mode disabled by bit 1 in the
CONFIG register, execution of the STOP instruction will cause an illegal
opcode reset if stop mode has not been enabled by setting CONFIG
register bit 1.

7.4.2.4 lllegal Address Reset

An opcode fetch from addresses other than FLASH, 1/O, or RAM
addresses generates an illegal address reset (unimplemented locations
within memory map). The SIM verifies that the CPU is fetching an
opcode prior to asserting the ILAD bit in the SIM reset status register
(SRSR) and resetting the MCU. A data fetch from an unmapped address
does not generate a reset.

7.4.2.5 Low-Voltage Inhibit (LVI) Reset

The low-voltage inhibit module (LVI) asserts its output to the SIM when
the Vpp voltage falls to the LVI ,grx Voltage and remains at or below that
level for at least nine consecutive CPU cycles. The LVI bit in the SIM
reset status register (SRSR) is set, and the external reset pin (RST) is
held low while the SIM counter counts out 4096 CGMXCLK cycles.
Sixty-four CGMXCLK cycles later, the CPU is released from reset to
allow the reset vector sequence to occur. The SIM actively pulls down
the RST pin for all internal reset sources.
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7.5 SIM Counter

The SIM counter is used by the POR module to allow the oscillator time
to stabilize before enabling the internal bus (IBUS) clocks. The SIM
counter also serves as a prescaler for the COP module. The SIM counter
overflow supplies the clock for the COP module. The SIM counter is 13
bits long and is clocked by the falling edge of CGMXCLK.

7.5.1 SIM Counter During Power-On Reset

The POR detects power applied to the MCU. At power-on, the POR
circuit asserts the signal PORRST. Once the SIM is initialized, it enables
the clock generation module (CGM) to drive the bus clock state machine.

7.5.2 SIM Counter and Reset States

External reset has no effect on the SIM counter. The SIM counter is
free-running after all reset states. See 7.4.2 Active Resets from
Internal Sources for counter control and internal reset recovery
sequences.

7.6 Exception Control
Normal, sequential program execution can be changed in three different
ways:
1. Interrupts:

a. Maskable hardware CPU interrupts
b. Non-maskable software interrupt instruction (SWI)
2. Reset

3. Break interrupts
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7.6.1 Interrupts

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

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

/
TR T G R0 XD X (T KT T o S
or Y oumr Ype-tmalpe-ameal %Y _con Y vommnn) vowL) ovcome |

o x / %

Figure 7-8. Interrupt Entry
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( FROM RESET )

YES

\j

BREAK INTERRUPT?

YES

| BIT SET?

INTO YES
INTERRUPT? o

NO

INT1 YES ol
INTERRUPT? -
\
NO STACK CPU REGISTERS
| SETIBIT
AS MANY INTERRUPTS AS EXIST ON CHIP | LOAD PC WITH INTERRUPT VECTOR
|
[ ]
>
FETCH NEXT
INSTRUCTION
Swi YES
INSTRUCTION?
RTI
INSTRUCTION? UNSTACK CPU REGISTERS -
> EXECUTE INSTRUCTION >

Figure 7-9. Interrupt Processing
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MODULE
INTERRUPT

I BIT

\
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IDB :X ><

{ ccr ¥ A Y x  Ypc-1royfpc-1nss)forcooe ) operanp) X

|

Figure 7-10. Interrupt Recovery

7.6.1.1 Hardware Interrupts

NOTE:

Technical Data

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

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

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

To maintain compatibility with the M6805 Family, the H register is not

pushed on the stack during interrupt entry. If the interrupt service routine
modifies the H register or uses the indexed addressing mode, software
should save the H register and then restore it prior to exiting the routine.
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CLI

> DA #$FF BACKGROUND ROUTINE
—> INT1 PSHH
l INTL INTERRUPT SERVICE ROUTINE

PULH
RTI

L’ INT2 PSHH

l INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 7-11. Interrupt Recognition Example

7.6.1.2 SWI Instruction

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

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

7.6.2 Reset

All reset sources always have equal and highest priority and cannot be
arbitrated.

7.6.3 Status Flag Protection in Break Mode

The SIM controls whether status flags contained in other modules can
be cleared during break mode. The user can select whether flags are
protected from being cleared by properly initializing the break clear flag
enable bit (BCFE) in the SIM break flag control register (SBFCR).
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Protecting flags in break mode ensures that set flags will not be cleared
while in break mode. This protection allows registers to be freely read
and written during break mode without losing status flag information.

Setting the BCFE bit enables the clearing mechanisms. Once cleared in
break mode, a flag remains cleared even when break mode is exited.
Status flags with a 2-step clearing mechanism — for example, a read of
one register followed by the read or write of another — are protected,
even when the first step is accomplished prior to entering break mode.
Upon leaving break mode, execution of the second step will clear the flag
as normal.

7.7 Low-Power Mode

7.7.1 Wait Mode

Technical Data

Executing the WAIT or STOP instruction puts the MCU in a low
power-consumption mode for standby situations. The SIM holds the
CPU in a non-clocked state. Both STOP and WAIT clear the interrupt
mask (1) in the condition code register, allowing interrupts to occur.

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

IAB WAIT ADDR X WAIT ADDR + 1 X SAME X SAME X

IDB XPREVIOUSDATA X NEXT OPCODE X SAME X SAME

RIW y

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

Figure 7-12. Wait Mode Entry Timing

A module that is active during wait mode can wake up the CPU with an
interrupt if the interrupt is enabled. Stacking for the interrupt begins one
cycle after the WAIT instruction during which the interrupt occurred.

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

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

Figure 7-13 and Figure 7-14 show the timing for wait recovery.

IAB $6E0B { secoc Y soorr ) soore ) soorp ) soorc
DB sA6 ) A6 J A6 | sou | sB f seE | \ X:
EXITSTOPWAIT ‘

Note: EXITSTOPWAIT = RST pin or CPU interrupt or break interrupt

Figure 7-13. Wait Recovery from Interrupt or Break

3 3
CYCLES CYCLES
( ((
AB $6E0B 0, :XXXXXXXXX (’ EWSTVCTH STVCTL
| ) (, ‘ () ) ‘
) )
o ) we we
)
| o
—_ ) )
RST \—3 ‘)_/ ‘
| \
CGMXCLK ( (
) )

Figure 7-14. Wait Recovery from Internal Reset
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7.7.2 Stop Mode

In stop mode, the SIM counter is reset and the system clock is disabled.
An external interrupt request will cause an exit from stop mode. Stacking
for interrupts begins after the stop recovery delay time of 4096
CGMXCLK cycles has elapsed. Reset or break also cause an exit from
stop mode.

The SIM disables the clock generator module outputs in stop mode,
stopping the CPU and all peripherals.

NOTE: Itisimportant to note that when using the PWM generator Its outputs will
stop toggling when stop mode is entered. The PWM module must be
disabled before entering stop mode to prevent external inverter failure.

7.7.3 SIM Break Status Register

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

Ad- $FEOO
dress:
BIt7 6 5 4 3 2 1 Bit 0

Read: SBSW

R R R R R R R
Write: Note(
Reset: 0

R = Reserved 1. Writing a logic O clears SBSW.

Figure 7-15. SIM Break Status Register (SBSR)

SBSW — SIM Break Stop/Wait Bit

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

1 = Wait mode was exited by break interrupt.

0 = Wait mode was not exited by break interrupt.
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SBSW can be read within the break state SWI routine. The user can
modify the return address on the stack by subtracting one from it. The
following code is an example of this. Writing O to the SBSW bit

clears it.

; service routine software.
; service routine software.

H BYTE EQU
LOBYTE EQU

; If not SBSW do RTI

5
6

has been pushed onto the stack in the break
Thi s code should be executed at the end of the break

BRCLR SBSW SBSR, RETURN ; See if wait node was exited by break.
TST LOBYTE, SP ; I RETURNLO i s not zero,
BNE DOLO ; then just decrenent |ow byte.
DEC HI BYTE, SP ; Else deal with high byte, too.
DOLO DEC LOBYTE, SP ; Point to WAIT opcode.
RETURN  PULH ; Restore Hregister.
RTI
MC68HC908MR8 — Rev 4.0 Technical Data
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7.7.4 SIM Reset Status Register

Technical Data

The SIM reset status register (SRSR) contains six flags that show the
source of the last reset. Clear the SRSR by reading it. A power-on reset

sets the POR bit and clears all other bits in the register.

Ad- $FEO1
dress:
Blt 7 6 5 4 3 2 1 Bit 0
Read:| POR PIN COP ILOP ILAD 0 LVI 0
Write: R R R R R R R R
Reset: 1 0 0 0 0 0 0 0
R = Reserved

Figure 7-16. SIM Reset Status Register (SRSR)

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

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

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

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

ILAD — lllegal Address Reset Bit (opcode fetches only)

1 = Last reset caused by an opcode fetch from an illegal address

0 = POR or read of SRSR

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

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

Ad- $FE03
dress:
Blt 7 6 5 4 3 2 1 Bit 0
Read:
BCFE R R R R R R R
Write:
Reset: 0
R = Reserved

Figure 7-17. 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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This section describes the clock generator module (CGM, version A).
The CGM generates the crystal clock signal, CGMXCLK, which operates
at the frequency of the crystal. The CGM also generates the base clock
signal, CGMOUT, from which the system integration module (SIM)
derives the system clocks.

CGMOUT is based on either the crystal clock divided by two or the
phase-locked loop (PLL) clock, CGMVCLK, divided by two. The PLL is
a frequency generator designed for use with crystals or ceramic
resonators. The PLL can generate an 8-MHz bus frequency without
using a 32-MHz crystal.

Features of the CGM include:

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

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

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

» Central processor unit (CPU) interrupt on entry or exit from locked
condition

MC68HC908MR8 — Rev 4.0

112

Clock Generator Module (CGM) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Clock Generator Module (CGM)
Functional Description

8.4 Functional Description

The CGM consists of three major submodules:
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 CGMOUT.

Figure 8-1 shows the structure of the CGM.

8.4.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an
external crystal. The OSC1 pin is the input to the amplifier and the OSC2
pin is the output. The SIMOSCEN signal from the system integration
module (SIM) enables the crystal oscillator circuit.

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

CGMXCLK can be used by other modules which require precise timing
for operation. The duty cycle of CGMXCLK is not guaranteed to be

50 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 8-1. CGM Block Diagram
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
PLL Control Register , .. PLLIE PLLON| BCS
$005C (PCTL) _ R R R R R
See page 126. )
e o 0 1 0 1 1 1 1
set:
AUTO ACQ XLD

PLL Bandwidth Control Reg- erte
$005D ister (PBWC) R R R R R
See page 129. ’

Re- 0 0 0 0 0 0 0
set:
Read
PLL Programming Register . MUL7 | MUL6 | MUL5 | MUL4 | VRS7 | VRS6 | VRS5 | VRS4
$005E (PPG) i
See page 131.
Re- 1 1 0 0 1 1 0
set:
R = Reserved

Figure 8-2. CGM I/O Register Summary

8.4.2 Phase-Locked Loop Circuit (PLL)

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

8.4.2.1 PLL Circuits

The PLL consists of these circuits:
« Voltage-controlled oscillator (VCO)
e Modulo VCO frequency divider
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* Phase detector
* Loop filter

* Lock detector
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Functional Description

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

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK.
CGMRCLK runs at a frequency, frcLk, and is fed to the PLL through a
buffer. The buffer output is the final reference clock, CGMRDYV, running
at a frequency, frpy = frcLk-

The VCO'’s output clock, CGMVCLK, running at a frequency fy,c k. is fed
back through a programmable modulo divider. The modulo divider
reduces the VCO clock by a factor, N. The divider’s output is the VCO
feedback clock, CGMVDV, running at a frequency, fypy = fycLkn- See
8.4.2.4 Programming the PLL for more information.

The phase detector then compares the VCO feedback clock, CGMVDV,
with the final reference clock, CGMRDV. A correction pulse is generated
based on the phase difference between the two signals. The loop filter
then slightly alters the dc voltage on the external capacitor connected to
CGMXFC based on the width and direction of the correction pulse. The
filter can make fast or slow corrections depending on its mode,
described in 8.4.2.2 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.
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8.4.2.2 Acquisition and Tracking Modes

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

e Acquisition mode — In acquisition mode, the filter can make large
frequency corrections to the VCO. This mode is used at PLL
startup or when the PLL has suffered a severe noise hit and the
VCO frequency is far off the desired frequency. When in
acquisition mode, the m bitis clear in the PLL bandwidth control
register. See 8.6.2 PLL Bandwidth Control Register.

e Tracking mode — In tracking mode, the filter makes only small
corrections to the frequency of the VCO. PLL jitter is much lower
in tracking mode, but the response to noise is also slower. The
PLL enters tracking mode when the VCO frequency is nearly
correct, such as when the PLL is selected as the base clock
source. The PLL is automatically in tracking mode when not in
acquisition mode or when the m bit is set. See 8.4.3 Base
Clock Selector Circuit.

8.4.2.3 Manual and Automatic PLL Bandwidth Modes

Technical Data

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

In automatic bandwidth control mode (AUTO = 1), the lock detector
automatically switches between acquisition and tracking modes.
Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLK, is safe to use as the source for the base clock,
CGMOUT (8.6.2 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 8.4.3 Base Clock Selector
Circuit). If the VCO is selected as the source for the base clock and the
LOCK bit is clear, the PLL has suffered a severe noise hit and the
software must take appropriate action, depending on the application.
See 8.7 Interrupts for information and precautions on using interrupts.
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Functional Description

These conditions apply when the PLL is in automatic bandwidth control
mode:

The ACQ bit (see 8.6.2 PLL Bandwidth Control Register) is a
read-only indicator of the mode of the filter. See 8.4.2.2
Acquisition and Tracking Modes.

The ACQ bit is set when the VCO frequency is within a certain
tolerance, Atrk, and is cleared when the VCO frequency is out of
a certain tolerance, AynT. See 8.11 Acquisition/Lock Time
Specifications for more information.

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

The LOCK bit is set when the VCO frequency is within a certain
tolerance, A ok, and is cleared when the VCO frequency is out of
a certain tolerance, Ay - See 8.11 Acquisition/Lock Time
Specifications for more information.

CPU interrupts can occur if enabled (PLLIE = 1) when the PLL's
lock condition changes, toggling the LOCK bit. See 8.6.1 PLL
Control Register.

The PLL also may operate in manual mode (AUTO = 0). Manual mode
is used by systems that do not require an indicator of the lock condition
for proper operation. Such systems typically operate well below fg smax
and require fast startup.

These conditions apply when in manual mode:

MC68HC908MR8 — Rev 4.0

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 8.11 Acquisition/Lock Time
Specifications), after turning on the PLL by setting PLLON in the
PLL control register (PCTL).

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

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

Technical Data

MOTOROLA

Clock Generator Module (CGM) 119

For More Information On This Product,

Go to: www.freescale.com


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Clock Generator Module (CGM)

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

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

1. Choose the desired bus frequency, fgyspes-

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

frequency).

f = 4xf

VCLKDES BUSDES

Choose a practical PLL reference frequency, frc k-
4. Select a VCO frequency multiplier, N.

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

f = Nxf

VCLK

fsus = (ycLk)/ 4

RCLK

6. Select a VCO linear range multiplier, L.
where fyom = 4.9152 MHz

7. Calculate and verify the adequacy of the VCO programmed
center-of-range frequency, fyrs.
fvrs = (L) fnom

8. Verify the choice of N and L by comparing fy,c g to fyrs and
fycLkpes- For proper operation, fyc| k must be within the
application’s tolerance of fy,c| kpes, and fyrg must be as close as
possible to fyc k-

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

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

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

The programming method described in 8.4.2.4 Programming the PLL
does not account for possible exceptions. A value of O for N or L is
meaningless when used in the equations given. To account for these
exceptions:

* A0 value for N is interpreted 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 8.4.3 Base Clock Selector
Circuit.

8.4.3 Base Clock Selector Circuit

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

The BCS bitin the PLL control register (PCTL) selects which clock drives
CGMOUT. The VCO clock cannot be selected as the base clock source
if the PLL is not turned on. The PLL cannot be turned off if the VCO clock
is selected. The PLL cannot be turned on or off simultaneously with the
selection or deselection of the VCO clock. The VCO clock also cannot
be selected as the base clock source if the factor L is programmed to a O.
This value would set up a condition inconsistent with the operation of the
PLL, so that the PLL would be disabled and the crystal clock would be
forced as the source of the base clock.
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8.4.4 CGM External Connections

Technical Data

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

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

The oscillator configuration uses five components:

1. Crystal, X;

2. Fixed capacitor, Cq

3. Tuning capacitor, C, (can also be a fixed capacitor)
4. Feedback resistor, Rg

5. Series resistor, Rg (optional)

The series resistor (Rg) is included in the diagram to follow strict Pierce
oscillator guidelines and may not be required for all ranges of operation,
especially with high frequency crystals. Refer to the crystal
manufacturer’s data for more information.

Figure 8-3 also shows the external components for the PLL:
» Bypass capacitor, Cgyp

» Filter capacitor, Cg
Routing should be done with great care to minimize signal cross talk and
noise. See 8.11 Acquisition/Lock Time Specifications for routing

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

>: >_[>c CGMXCLK ?
0sc1 0sc2 Vss lCGMXFC Vooa
&—o0 Vpp

Cr

’I\ Cayp

0—||:||—0

T C1 74 C2

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

Figure 8-3. CGM External Connections

8.5 1/0 Signals

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

8.5.1 Crystal Amplifier Input Pin (OSC1)

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

8.5.2 Crystal Amplifier Output Pin (OSC2)

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

8.5.3 External Filter Capacitor Pin (CGMXFC)

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

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

NOTE:

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

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

8.5.5 Oscillator Enable Signal (SIMOSCEN)

The SIMOSCEN signal comes from the system integration module (SIM)
and enables the oscillator and PLL.

8.5.6 Crystal Output Frequency Signal (CGMXCLK)

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

8.5.7 CGM Base Clock Output (CGMOUT)

CGMOUT is the clock output of the CGM. This signal 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.

8.5.8 CGM CPU Interrupt (CGMINT)

Technical Data

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

8.6 CGM Registers

These registers control and monitor operation of the CGM:
e PLL control register (PCTL), see 8.6.1 PLL Control Register

e PLL bandwidth control register (PBWC), see 8.6.2 PLL
Bandwidth Control Register

* PLL programming register (PPG), see 8.6.3 PLL Programming
Register

Figure 8-4 is a summary of the CGM registers.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read. PLLF 1 1 1 1
PLL Control Register , .. PLLIE PLLON| BCS
$005C (PCTL) , R R R R R
See page 126. '
Re- 0 1 0 1 1 1 1
set:
Read. LOCK 0 0 0 0
PLL Bandwidth Control Reg- wit AUTO ACQ | XLD
$005D ister (PBWC) R R R R R
See page 129. '
Re- 0 0 0 0 0 0 0

set:

Figure 8-4. CGM I/O Register Summary
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read

PLL Programming Register . _ MUL7 | MUL6 | MUL5 | MUL4 | VRS7 | VRS6 | VRS5 | VRS4
$005E (PPG) i

See page 131.
Re- 1 1 0 0 1 1 0
set:
R = Reserved

Notes:
1. When AUTO = 0, PLLIE is forced to logic 0 and is read-only.
2. When AUTO = 0, PLLF and LOCK read as logic 0.
3. When AUTO = 1, ACQ is read-only.
4. When PLLON = 0 or VRS[7:4] = $0, BCS is forced to logic 0 and is read-only.
5. When PLLON =1, the PLL programming register is read-only.
6. When BCS = 1, PLLON is forced set and is read-only.

Figure 8-4. CGM I/O Register Summary

8.6.1 PLL Control Register

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

Ad- $005C
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read: PLLF 1 1 1 1
PLLIE PLLON BCS
Write: R R R R R
Reset: 0 0 1 0 1 1 1 1
R = Reserved
Figure 8-5. PLL Control Register (PCTL)
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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.

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). Reset sets this bit so that the loop
can stabilize as the MCU is powering up. See 8.4.3 Base Clock
Selector Circuit.

1=PLLon

0 = PLL off

BCS — Base Clock Select Bit

MC68HC908MR8 — Rev 4.0

This read/write bit selects either the crystal oscillator output,
CGMXCLK, or the VCO clock, CGMVCLK, as the source of the CGM
output, CGMOUT. CGMOUT frequency is one-half the frequency of
the selected clock. BCS cannot be set while the PLLON bit is clear.
After toggling BCS, it may take up to three CGMXCLK and three
CGMVCLK cycles to complete the transition from one source clock to
the other. During the transition, CGMOUT is held in stasis. Reset
clears the BCS bit. See 8.4.3 Base Clock Selector Circuit.

1 = CGMVCLK divided by two drives CGMOUT

0 = CGMXCLK divided by two drives CGMOUT

Technical Data
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NOTE: PLLON and BCS have built-in protection that prevents the base clock
selector circuit from selecting the VCO clock as the source of the base
clock if the PLL is off. Therefore, PLLON cannot be cleared when BCS
is set, and BCS cannot be set when PLLON is clear. If the PLL is off
(PLLON = 0), selecting CGMVCLK requires two writes to the PLL control
register. See 8.4.3 Base Clock Selector Circuit.

PCTL Bits 3—0 — Unimplemented Bits
These bits provide no function and always read as logic 1s.
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8.6.2 PLL Bandwidth Control Register

The PLL bandwidth control register:

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

* |ndicates when the PLL is locked

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

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

mode
Ad- $005D
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read: LOCK 0 0 0 0
AUTO ACQ XLD
Write: R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

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

AUTO — Automatic Bandwidth Control Bit

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

1 = Automatic bandwidth control

0 = Manual bandwidth control

LOCK — Lock Indicator Bit

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

1 =VCO frequency correct or locked

0 = VCO frequency incorrect or unlocked
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Technical Data

ACQ — Acquisition Mode Bit

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

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

1 = Tracking mode

0 = Acquisition mode

XLD — Crystal Loss Detect Bit

When the VCO output, CGMVCLK, is driving CGMOUT, this
read/write bit can indicate whether the crystal reference frequency is
active or not. To check the status of the crystal reference, follow these
steps:
1. Write a logic 1 to XLD.
2. Wait N x 4 cycles. (N is the VCO frequency multiplier.)
3. Read XLD.
1 = Crystal reference is not active.
0 = Crystal reference is active.

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

PBWC Bits 3—0 — Reserved for Test

These bits enable test functions not available in user mode. To ensure
software portability from development systems to user applications,
software should write Os to PBWCJ[3:0] whenever writing to PBWC.
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8.6.3 PLL Programming Register

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

Ad- $005E
dress:

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

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

Figure 8-7. PLL Programming Register (PPG)

MUL[7:4] — Multiplier Select Bits

These read/write bits control the modulo feedback divider that selects
the VCO frequency multiplier, N. See 8.4.2.1 PLL Circuits and
8.4.2.4 Programming the PLL. A value of $0 in the multiplier select
bits configures the modulo feedback divider the same as a value of
$1. Reset initializes these bits to $6 to give a default multiply value

of 6.
Table 8-1. VCO Frequency Multiplier (N) Selection
MUL7:MUL6:MUL5:MUL4 VCO Frequency Multiplier (N)
0000 1
0001 1
0010 2
0011 3
1101 13
1110 14
1111 15

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

8.7 Interrupts

Technical Data

VRS[7:4] — VCO Range Select Bits

These read/write bits control the hardware center-of-range linear
multiplier L, which controls the hardware center-of-range frequency
fyrs. See 8.4.2.1 PLL Circuits, 8.4.2.4 Programming the PLL, and

8.6.1 PLL Control Register. VRS|[7:4] cannot be written when the
PLLON bit in the PLL control register (PCTL) is set. See 8.4.2.5
Special Programming Exceptions. A value of $0 in the VCO range
select bits disables the PLL and clears the BCS bit in the PCTL. See
8.4.3 Base Clock Selector Circuit and 8.4.2.5 Special
Programming Exceptions for more information.

Reset initializes the bits to $6 to give a default range multiply
value of 6.

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

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

When the AUTO bit is set in the PLL bandwidth control register (PBWC),
the PLL can generate a CPU interrupt request every time the LOCK bit
changes state. The PLLIE bit in the PLL control register (PCTL) enables
CPU interrupts from the PLL. PLLF, the interrupt flag in the PCTL,
becomes set whether interrupts are enabled or not. When the AUTO bit
is clear, CPU interrupts from the PLL are disabled and PLLF reads as
logic 0.

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

MC68HC908MR8 — Rev 4.0

132

Clock Generator Module (CGM) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

NOTE:

8.8 Wait Mode

8.9 Stop Mode

Freescale Semiconductor, Inc.

Clock Generator Module (CGM)
Wait Mode

frequency-sensitive, interrupts should be disabled to prevent PLL
interrupt service routines from impeding software performance or from
exceeding stack limitations.

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

The WAIT instruction puts the MCU in low power-consumption standby
mode.

The WAIT instruction does not affect the CGM. Before entering wait
mode, software can disengage and turn off the PLL by clearing the BCS
and PLLON bits in the PLL control register (PCTL). Less power-sensitive
applications can disengage the PLL without turning it off. Applications
that require the PLL to wake the MCU from wait mode also can deselect
the PLL output without turning off the PLL.

The STOP instruction puts the MCU in low power-consumption standby
mode.

The STOP instruction disables the CGMC (oscillator and phase-lock
loop) and holds the CGM outputs low.

8.10 CGM During Break Mode

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state. See 7.7.5 SIM Break Flag Control
Register.

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.
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To protect the PLLF bit during the break state, write a logic 0 to the
BCFE bit. With BCFE at logic O (its default state), software can read and
write the PLL control register during the break state without affecting the
PLLF bit.

8.11 Acquisition/Lock Time Specifications

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

8.11.1 Acquisition/Lock Time Definitions

Technical Data

Typical control systems refer to the acquisition time or lock time as the
reaction time, within specified tolerances, of the system to a step input.
In a PLL, the step input occurs when the PLL is turned on or when it
suffers a noise hit. The tolerance is usually specified as a percent of the
step input or when the output settles to the desired value plus or minus
a percent of the frequency change. Therefore, the reaction time is
constant in this definition, regardless of the size of the step input. For
example, consider a system with a 5 percent acquisition time tolerance.
If a command instructs the system to change from 0 Hz to 1 MHz, the
acquisition time is the time taken for the frequency to reach

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

1 MHz £ 5 kHz. Five kHz = 5 percent of the 100-kHz step input.

Other systems refer to acquisition and lock times as the time the system
takes to reduce the error between the actual output and the desired
output to within specified tolerances. Therefore, the acquisition or lock
time varies according to the original error in the output. Minor errors may
not even be registered. Typical PLL applications prefer to use this
definition because the system requires the output frequency to be within
a certain tolerance of the desired frequency regardless of the size of the
initial error.
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The discrepancy in these definitions makes it difficult to specify an
acquisition or lock time for a typical PLL. Therefore, the definitions for
acquisition and lock times for this module are:

* Acquisitiontime, tacq, is the time the PLL takes to reduce the error
between the actual output frequency and the desired output
frequency to less than the tracking mode entry tolerance, Atrk.
Acquisition time is based on an initial frequency error,

(foes— foric)/foes, Of not more than +100 percent. In automatic
bandwidth control mode (see 8.4.2.3 Manual and Automatic PLL
Bandwidth Modes), acquisition time expires when the ACQ bit
becomes set in the PLL bandwidth control register (PBWC).

* Lock time, t ok IS the time the PLL takes to reduce the error
between the actual output frequency and the desired output
frequency to less than the lock mode entry tolerance, A o Lock
time is based on an initial frequency error, (fpes—foric)/foes, Of
not more than + 100 percent. In automatic bandwidth control
mode, lock time expires when the LOCK bit becomes set in the
PLL bandwidth control register (PBWC). See 8.4.2.3 Manual and
Automatic PLL Bandwidth Modes.

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

8.11.2 Parametric Influences on Reaction Time

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

The most critical parameter which affects the reaction times of the PLL
is the reference frequency, frpy- This frequency is the input to the phase
detector and controls how often the PLL makes corrections. For stability,
the corrections must be small compared to the desired frequency, so
several corrections are required to reduce the frequency error.
Therefore, the slower the reference the longer it takes to make these
corrections. This parameter is also under user control via the choice of
crystal frequency, fyc -
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Another critical parameter is the external filter capacitor. The PLL
modifies the voltage on the VCO by adding or subtracting charge from
this capacitor. Therefore, the rate at which the voltage changes for a
given frequency error (thus change in charge) is proportional to the
capacitor size. The size of the capacitor also is related to the stability of
the PLL. If the capacitor is too small, the PLL cannot make small enough
adjustments to the voltage and the system cannot lock. If the capacitor
is too large, the PLL may not be able to adjust the voltage in a
reasonable time. See 8.11.3 Choosing a Filter Capacitor.

Also important is the operating voltage potential applied to Vppa. The
power supply potential alters the characteristics of the PLL. A fixed value
is best. Variable supplies, such as batteries, are acceptable if they vary
within a known range at very slow speeds. Noise on the power supply is
not acceptable, because it causes small frequency errors which
continually change the acquisition time of the PLL.

Temperature and processing also can affect acquisition time because
the electrical characteristics of the PLL change. The part operates as
specified as long as these influences stay within the specified limits.
External factors, however, can cause drastic changes in the operation of
the PLL. These factors include noise injected into the PLL through the
filter capacitor, filter capacitor leakage, stray impedances on the circuit
board, and even humidity or circuit board contamination.

8.11.3 Choosing a Filter Capacitor

Technical Data

As described in 8.11.2 Parametric Influences on Reaction Time, the
external filter capacitor, Cg, is critical to the stability and reaction time of
the PLL. The PLL is also dependent on reference frequency and supply
voltage. The value of the capacitor must, therefore, be chosen with

supply potential and reference frequency in mind. For proper operation,
the external filter capacitor must be chosen according to this equation:

DVDD ]

C
FACT f

=C
F RDVU

For acceptable values of Cppct, See 8.11 Acquisition/Lock Time
Specifications. For the value of Vppa, choose the voltage potential at
which the MCU is operating. If the power supply is variable, choose a
value near the middle of the range of possible supply values.
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This equation does not always yield a commonly available capacitor
size, so round to the nearest available size. If the value is between two
different sizes, choose the higher value for better stability. Choosing the
lower size may seem attractive for acquisition time improvement, but the
PLL can become unstable. Also, always choose a capacitor with a tight
tolerance (x20 percent or better) and low dissipation.

8.11.4 Reaction Time Calculation

The actual acquisition and lock times can be calculated using the
equations here. These equations yield nominal values under these
conditions:

» Correct selection of filter capacitor, Cg; see 8.11.3 Choosing a
Filter Capacitor

* Room temperature operation

* Negligible external leakage on CGMXFC

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

Ktrk is the K factor when the PLL is configured in tracking mode. See
8.4.2.2 Acquisition and Tracking Modes.

[VDDADQ 0
'ACQ VDEKACQ
BM%D___D
‘AL RDVDEKTRKD

YLock = taco * AL

NOTE: Inverse proportionality between the lock time and the reference
frequency

In automatic bandwidth control mode, the acquisition and lock times are
quantized into units based on the reference frequency, see 8.4.2.3
Manual and Automatic PLL Bandwidth Modes. A certain number of
clock cycles, nacq, is required to ascertain that the PLL is within the
tracking mode entry tolerance, Atrgk, before exiting acquisition mode. A
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Technical Data

certain number of clock cycles, ntrk, is required to ascertain that the
PLL is within the lock mode entry tolerance, A ook Therefore, the
acquisition time, tacq, is an integer multiple of naco/frpy, and the
acquisition to lock time, tp , is an integer multiple of ntrk/frpy- Also,
since the average frequency over the entire measurement period must
be within the specified tolerance, the total time usually is longer than
t_ock @s calculated above.

In manual mode, it is usually necessary to wait considerably longer than
t_ock before selecting the PLL clock (see 8.4.3 Base Clock Selector
Circuit) because the factors described in 8.11.2 Parametric Influences
on Reaction Time may slow the lock time considerably.

MC68HC908MR8 — Rev 4.0

138

Clock Generator Module (CGM) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Technical Data — MC68HC908MRS8

Section 9. Pulse-Width Modulator for Motor Control

9.1 Contents

(PWMMC)
9.2 Introduction. .......... ... 140
9.3  Features. . ... ... 141
9.4 Timebase....... ... .. . . 146
94.1 Resolution. . ... ... 146
9.4.2 Prescaler. ........ .. .. 148
95 PWMGenerators. . ... 148
9.5.1 Load Operation. ........... .. 148
9.5.2 PWM Data Overflow and Underflow Conditions ... ... 152
9.6 OutputControl ... ... ... 152
9.6.1 Selecting Six Independent PWMs or Three
Complementary PWM Pairs. . ..................... 152
9.6.2 Dead-Time Insertion. . ......... .. .. ... 154
9.6.3 Output Polarity . . ... 157
9.6.4 Output Port Control Register . .................... 159
9.7 FaultProtection .............. ... . .. 161
9.7.1 Fault Condition InputPins. ....................... 164
9.7.2 Software OutputDisable .. ....................... 168
9.7.3 Output Port Control . ......... . ... ... ... .... 168
9.8 Initialization and the PWMEN Bit. .. .................. 169
9.9 PWMOperationinWaitMode ....................... 170
9.10 PWM Operationin StopMode....................... 170
9.11 PWM OperationinBreak Mode . ..................... 171
9.12 Control LogicBlock ......... ... .. ... .. ... ... .. ... 172
9.12.1 PWM Counter Registers .............. ... 172
9.12.2 PWM Counter Modulo Registers. .................. 173
9.12.3 PWMx Value Registers. . ......... ... . ... 174
9.12.4 PWM Control Register1 ......................... 175

MC68HC908MR8 — Rev 4.0

Technical Data

MOTOROLA

Pulse-Width Modulator for Motor Control (PWMMC)

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

139


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Pulse-Width Modulator for Motor Control

9.2 Introduction

Technical Data

9.12.5 PWM Control Register2 .............. ... ....... 177
9.12.6 Dead-Time Write-Once Register . .................. 179
9.12.7 PWM Disable Mapping Write-Once Register ......... 179
9.12.8 Fault Control Register ........... ... .. ... .. ..... 180
9.129 Fault Status Register . ........... ... ... .. . ... 181
9.12.10 Fault Acknowledge Register...................... 182
9.12.11 PWM Output Control Register. .................... 184
9.13 PWMGIoSsary. . ........... i 185

This section describes the pulse-width modulator for motor control
(PWMMC, version A). The MC68HC908MR8 PWM module can
generate three complementary PWM pairs or six independent PWM
signals. These PWM signals can be center-aligned or edge-aligned. A
block diagram of the PWM module is shown in Figure 9-1.

A 12-bit timer PWM counter is common to all six channels. PWM
resolution is one clock period for edge-aligned operation and two clock
periods for center-aligned operation. The clock period is dependent on
the internal operating frequency (fop) and a programmable prescaler.
The highest resolution for edge-aligned operation is 125 ns

(fop = 8 MHz). The highest resolution for center-aligned operation is
250 ns (fop = 8 MHz).

When generating complementary PWM signals, the module features
automatic dead-time insertion to the PWM output pairs.

A summary of the PWM registers is shown in Figure 9-2.
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9.3 Features

Pulse-Width Modulator for Motor Control (PWMMC)
Features

Features of the PWMMC include:

Three complimentary PWM pairs or six independent PWM signals
Edge-aligned PWM signals or center-aligned PWM signals

PWM signal polarity control

Manual PWM output control through software

Programmable fault protection

Complimentary mode also features:
— Dead-time insertion

— Separate top/bottom pulse width correction via current sensing
or programmable software bits
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Addr. Register Name

PWM Control Register 1
$0020 (PCTL1)
See page 175.

PWM Control Register 2
$0021 (PCTL2)
See page 177.

Fault Control Register
$0022 (FCR)
See page 180.

Fault Status Register
$0023 (FSR)
See page 181.

Fault Acknowledge
$0024 Register (FTACK)
See page 182.

PWM Output Control
$0025 (PWMOUT)
See page 159.

PWM Counter Register
$0026 High (PCNTH)
See page 172.

U = Unaffected X = Indeter-
minate

Figure 9-2. Register Summary (Sheet 1 of 4)
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Reset
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Reset
Read:

Write:

Reset
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Write:

Reset

Bit 7 6 5 4 3 2 1 Bit O
DISX DISY PW_:Y”N PWMF LDOK PV\II\IME
0 0 0 0 0 0 0 0

0
LDFQ1| LDFQO SEL12 | SEL34 | SEL56 |PRSC1|PRSCO
0 0 0 0 0 0 0 0
FINT4 FMODE FINT1 FMODE
4 1
0 0 0 0 0 0 0 0
FPIN4 FFL“AG 0 0 0 0 FPIN1 FFLlAG
U 0 U 0 U 0 U 0
0 0 0 0 0 0 0 0
FTACK FTACK
4 1
0 0 0 0 0 0 0 0
0 |outcT
L OuT6 OuT5 ouT4 OuUT3 OouT2 OuUT1
0 0 0 0 0 0 0 0
0 0 0 0 Bit 11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0
R = Reserved Bold = Buff-
ered
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Addr. Register Name

PWM Counter Register
$0027 Low (PCNTL)
See page 172.

PWM Counter Modulo
$0028 Register High (PMODH)
See page 173.

PWM Counter Modulo
$0029 Register Low (PMODL)
See page 173.

PWM 1 Value Register
$002A High (PVAL1H)
See page 174.

PWM 1 Value Register
$002B Low (PVAL1L)
See page 174.

PWM 2 Value Register
$002C High (PVAL2H)
See page 174.

PWM 2 Value Register
$002D Low (PVAL2L)
See page 174.

U = Unaffected X = Indeter-
minate
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Reset
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Reset
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Features

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

0 0 0 0 0 0 0 0

0 0 0 0

Bit 11 Bit 10 Bit 9 Bit 8

0 0 0 0 X X X X
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X X X X X X X X
Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

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

0 0 0 0 0 0 0 0
Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

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

0 0 0 0 0 0 0 0

R = Reserved Bold |~ Buff-

ered

Figure 9-2. Register Summary (Sheet 2 of 4)
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read: . . . . . . . .
PWM 3 Value Register Wiite: Bit 15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$002E High (PVAL3H) '
See page 174.
pagd Reset 0 0 0 0 0 0 0
Read: _ _ _ _ _ _ _ _
PWM 3 Value Register Wiite: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002F Low (PVAL3L) '
See page 174.
Pag Reset 0 0 0 0 0 0 0
Read: _ _ _ _ _ _ _ _
PWM 4 Value Register Wiite: Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0030 High (PVAL4H) '
See page 174.
pagd Reset 0 0 0 0 0 0 0
Read: . ' . ' ' ' . '
PWM 4 Value Register Wiite: Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0031 Low (PVALA4L) '
See page 174.
pad Reset 0 0 0 0 0 0 0
Read: . . . . . . . .
PWM 5 Value Register Wiite: Bit 15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0032 High (PMVALS5H) :
See page 174.
pagd Reset 0 0 0 0 0 0 0
Read: _ _ _ _ _ _ _ _
PWM 5 Value Register Wiite: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
$0033 Low (PVALSL) '
See page 174.
Pag Reset 0 0 0 0 0 0 0
Read: . . . . . . . .
PWM 6 Value Register Wiite: Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0034 High (PVALGEH) '
See page 174.
pad Reset 0 0 0 0 0 0 0
U = Unaffected X = Indeter- = Reserved = Buff-
. R Bold
minate ered

Figure 9-2. Register Summary (Sheet 3 of 4)
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Addr. Register Name

PWM 6 Value Register
$0035 Low (PMVALG6L)
See page 174.

Dead-Time Write-Once
$0036 Register (DEADTM)
See page 179.

PWM Disable Mapping
Write-Once Register
(DISMAP)

See page 179.

$0037

U = Unaffected X = Indeter-

minate

Figure 9-2. Register Summary (Sheet 4 of 4)
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9.4 Timebase

9.4.1 Resolution

Technical Data

This subsection provides for a discussion of the timebase.

In center-aligned mode, a 12-bit up/down counter is used to create the
PWM period. Therefore, the PWM resolution in center-aligned mode is
two clocks (highest resolution is 250 ns @ fop = 8 MHZz) as shown in
Figure 9-3. The up/down counter uses the value in the timer modulus
register to determine its maximum count. The PWM period will equal:

(timer modulus) x (PWM clock period) x 2

For edge-aligned mode, a 12-bit up-only counter is used to create the
PWM period. Therefore, the PWM resolution in edge-aligned mode is
one clock (highest resolution is 125 ns @ fop = 8 MHz) as shown in
Figure 9-4. Again, the timer modulus register is used to determine the
maximum count. The PWM period will equal:

(timer modulus) x (PWM clock period)

Center-aligned operation versus edge-aligned operation is determined
by the option EDGE. See 5.4 CONFIG Bits.
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Timebase

UP/DOWN COUNTER
MODULUS =4

‘ \’7
‘4— PERIOD = 8 x (PWM CLOCK PERIOD) —3»

PWM =0

PWM=1

PWM =2

PWM =3

PWM = 4

Figure 9-3. Center-Aligned PWM (Positive Polarity)

UP-ONLY COUNTER
MODULUS =4

I
,_
- PERIOD = 4 x (PWM »

CLOCK PERIOD) !

PWM=0

PWM=1

PWM =2

PWM=3

PWM =4

Figure 9-4. Edge-Aligned PWM (Positive Polarity)
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9.4.2 Prescaler

To permit lower PWM frequencies, a prescaler is provided which will
divide the PWM clock frequency by 1, 2, 4, or 8. Table 9-1 shows how
setting the prescaler bits in PWM control register 2 affects the PWM
clock frequency. This prescaler is buffered and will not be used by the
PWM generator until the LDOK bit is set and a new PWM reload-cycle
begins.

Table 9-1. PWM Prescaler

gé%séflgkzlé% PWM Clock Frequency
00 fop
01 fop/2
10 fopl/4
11 fop/8

9.5 PWM Generators

9.5.1 Load Operation

Technical Data

This subsection describes the pulse-width modulator (PWM) generators.

To help avoid erroneous pulse widths and PWM periods, the modulus,
prescaler, and PWM value registers are buffered. New PWM values,
counter modulus values, and prescalers can be loaded from their buffers
into the PWM module every one, two, four, or eight PWM cycles.
LDFQ1:LDFQO in PWM control register 2 are used to control this reload
frequency, as shown in Table 9-2. When a reload cycle arrives,
regardless of whether an actual reload occurs (as determined by the
LDOK bit), the PWM reload flag bit in PWM control register 1 will be set.
If the PWMINT bit in PWM control register 1 is set, a CPU interrupt
request will be generated when PWMF is set. Software can use this
interrupt to calculate new PWM parameters in real time for the PWM
module.
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Table 9-2. PWM Reload Frequency

ReloﬁgFFQriTSECQ%B“S PWM Reload Frequency
00 Every PWM cycle
01 Every 2 PWM cycles
10 Every 4 PWM cycles
11 Every 8 PWM cycles

For ease of software, the LDFQXx bits are buffered. When the LDFQX bits
are changed, the reload frequency will not change until the previous
reload cycle is completed. See Figure 9-5.

NOTE: When reading the LDFQXx bits, the value is the buffered value (for
example, not necessarily the value being acted upon).

VAVAVAVAVAVAVAVAVAVAVAN
Y S T W A S

RELOAD RELOAI RELOAD RELOAD RELOAD RELOAD RELOAD
CHANGE RELOAD CHANGE RELOAD
FREQUENCY TO FREQUENCY TO
EVERY 4 CYCLES EVERY CYCLE

Figure 9-5. Reload Frequency Change

PWMINT enables CPU interrupt requests as shown in Figure 9-6. When
this bit is set, CPU interrupt requests are generated when the PWMF bit
is set. When the PWMINT bit is clear, PWM interrupt requests are
inhibited. PWM reloads will still occur at the reload rate, but no interrupt
requests will be generated.
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NOTE:

Technical Data

READ PWMF AS 1,
WRITE PWMF AS 0
l OR RESET

RESET

PWMF
D CPU INTERRUPT
REQUEST
LATCH
PWMINT

PWMRELOAD ——— X  )CK

Figure 9-6. PWM Interrupt Requests

To prevent a partial reload of PWM parameters from occurring while the
software is still calculating them, an interlock bit controlled from software
is provided. This bit informs the PWM module that all the PWM
parameters have been calculated, and it is okay to use them. A new
modulus, prescaler, and/or PWM value cannot be loaded into the PWM
module until the LDOK bit in PWM control register 1 is set. When the
LDOK bit is set, these new values are loaded into a second set of
registers and used by the PWM generator at the beginning of the next
PWM reload cycle as shown in Figure 9-7, Figure 9-8, Figure 9-9, and
Figure 9-10. After these values are loaded, the LDOK bit is cleared.

When the PWM module is enabled (via the PWMEN bit), a load will occur
if the LDOK bit is set. Even if it is not set, an interrupt will occur if the
PWMINT bit is set. To prevent this, the software should clear the
PWMINT bit before enabling the PWM module.

LDFQ1L:LDFQO = 00 (RELOAD EVERY CYCLE)

UP/DOWN
COUNTER
LDOK =1 LDOK =0 LDOK =1 LDOK =0
MODULUS =3 MODULUS =3 MODULUS =3 MODULUS =3
PWM VALUE=1 PWM VALUE= 2 PWM VALUE= 2 PWM VALUE=1
PWMF SET PWMF SET PWMF SET PWMF SET

PWM —|

Figure 9-7. Center-Aligned PWM Value Loading
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LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)

UP/DOWN
COUNTER
LDOK = 1 LDOK =1 LDOK =1 LDOK =1 LDOK =0
MODULUS =2 MODULUS =3 MODULUS =2 MODULUS=1 MODULUS =2
PWM VALUE = 1 PWM VALUE=1 PWMVALUE=1 PWM VALUE=1 PWM VALUE=1
PWMF SET PWMF SET PWMF SET PWMF SET PWMF SET
PWM
Figure 9-8. Center-Aligned Loading of Modulus
LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)
UP-ONLY
COUNTER
LDOK=1 LDOK =0 LDOK=1 LDOK =0 LDOK =0
MODULUS =3 MODULUS=3 MODULUS=3 MODULUS=3 MODULUS=3
PWM VALUE= 1. PWM VALUE= 2. PWM VALUE =2 PWM VALUE =1 PWM VALUE =1
PWMFSET  PWMFSET  pwwmESET  PWMFSET PWMF SET
PWM
Figure 9-9. Edge-Aligned PWM Value Loading
LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)
UP-ONLY
COUNTER
LDOK =1 LDOK =1 LDOK =1 LDOK=0
MODULUS =3 MODULUS =4 MODULUS=2  MODULUS =1
PWM VALUE= 2 PWM VALUE =2 PWM VALUE =2 PWM VALUE=2
PWMF SET PWMF SET PWMF SET PWMF SET
PWM
Figure 9-10. Edge-Aligned Modulus Loading
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9.5.2 PWM Data Overflow and Underflow Conditions

9.6 Output Control

NOTE:

The PWM value registers are 16-bit registers. Although the counter is
only 12 bits, the user may write a 16-bit signed value to a PWM value
register. As shown in Figure 9-3 and Figure 9-4, if the PWM value is
less than or equal to 0, the PWM will be inactive for the entire period.
Conversely, if the PWM value is greater than or equal to the timer
modulus, the PWM will be active for the entire period. Refer to Table 9-3.

The terms active and inactive refer to the asserted and negated states
of the PWM signals and should not be confused with the high-
impedance state of the PWM pins.

Table 9-3. PWM Data Overflow and Underflow Conditions

PWMVALXH:PWMVALXL Condition PWM Value Used
$0000—$0FFF Normal Per registers contents
$1000-$7FFF Overflow $FFF
$8000—$FFFF Underflow $000

This subsection discusses output control.

9.6.1 Selecting Six Independent PWMs or Three Complementary PWM Pairs

Technical Data

The PWM outputs can be configured as six independent PWM channels
or three complementary channel pairs. The option INDEP determines
which mode is used (see 5.4 CONFIG Bits). If complementary operation
is chosen, the PWM pins are paired as shown in Figure 9-11. Operation
of one pair is then determined by one PWM value register. This type of
operation is meant for use in motor drive circuits such as the one in
Figure 9-12.
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PWM VALUE REGISTER [ PWMS 1& 2
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PWM VALUE REGISTER [ PWMS 5 &6
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Figure 9-11. Complementary Pairing
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Figure 9-12. Typical AC Motor Drive

When complementary operation is used, two additional features are
provided:

« Dead-time insertion

» Separate top/bottom pulse width correction to correct for
distortions caused by the motor drive characteristics.

If independent operation is chosen, each PWM has its own PWM value
register.
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9.6.2 Dead-Time Insertion

Technical Data

NOTE:

As shown in Figure 9-12, in complementary mode, each PWM pair can
be used to drive top-side/bottom-side transistors.

When controlling DC-to-AC inverters such as this, the top and bottom
PWMs in one pair should never be active at the same time.

In Figure 9-12, if PWM1 and PWM2 were on at the same time, large
currents would flow through the two transistors as they discharge the
bus capacitor. The IGBTs could be weakened or destroyed.

Simply forcing the two PWMs to be inversions of each other is not always
sufficient. Since a time delay is associated with turning off the transistors
in the motor drive, there must be a “dead-time” between the deactivation
of one PWM and the activation of the other.

A dead-time can be specified in the dead-time write-once register. This
8-bit value specifies the number of CPU clock cycles to use for the
dead-time. The dead-time is not affected by changes in the PWM period
caused by the prescaler.

Dead-time insertion is achieved by feeding the top PWM outputs of the
PWM generator into dead-time generators, as shown in Figure 9-13.
When output control is enabled, the odd OUT bits, rather than the
PWM generator outputs, are fed into the dead-time generators. See
9.6.4 Output Port Control Register.
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Figure 9-13. Dead-Time Generators

Whenever an input to a dead-time generator transitions, a dead-time is
inserted (for example, both PWMs in the pair are forced to their inactive
state). The BOTTOM PWM signal is generated from the TOP PWM and
the dead-time. In the case of output control enabled, the odd OUTx bits
control the top PWMs, the even OUTX bits control the bottom PWMs with
respect to the odd OUTXx bits (see Table 9-4). Figure 9-14 shows the
effects of the dead-time insertion.

Examples of dead-time insertion are shown in Figure 9-14 through
Figure 9-16. Figure 9-15 shows the effects of dead-time insertion at the
duty cycle boundaries (near 0% and 100% duty cycles). Figure 9-16
shows the effects of dead-time insertion on pulse widths smaller than the
dead-time.

Technical Data

MOTOROLA

Pulse-Width Modulator for Motor Control (PWMMC) 155

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Pulse-Width Modulator for Motor Control

UP/DOWN COUNTER
MODULUS =4

|
| | I
PWM VALUE =21 | PWM VALUE =2 PWM VALUE = 3
|
|

PWM1 W/
NO DEAD-TIME

PWM2 W/
NO DEAD-TIME
| | | | | |
PWM1 W/ |<7> [ <2—> <—2>| > -
DEAD-TIME =2 | |
| [
PWM2 W/ |- I‘T’I_ [ [
DEAD-TIME =2 1 1 1

Figure 9-14. Effects of Dead-Time Insertion

UP/DOWN COUNTER
MODULUS =3

| | | |
| | '

PWM VALUE =1 PWM VALUE =1 PWM VALUE =3 PWM VALUE =3
| ! |

PWM1 W/
NO DEAD-TIME

PWM2 W/
NO DEAD-TIME

PWM1 W/
DEAD-TIME =2

|
PWM2W/ |
DEAD-TIME =2 2
JR E—

<>
2

Figure 9-15. Dead-Time at Duty Cycle Boundaries
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UP/DOWN COUNTER
MODULUS =3 | | | |

| | | | | |
PWM VALUE = 2 | PWM VALUE =3 PWM VALUE = 2 | PWMVALUE=1

PWM1 W/
NO DEAD-TIME

PWM2 W/
NO DEAD-TIME

L I | |
PWM1 W/ | 3 | 3 | | 3
DEAD-TIME =3
| | | | | |
PWM2 W/ | <> <> |<—3>
DEAD-TIME = 3 L3 . . .

Figure 9-16. Dead-Time and Small Pulse Widths

9.6.3 Output Polarity

The output polarity of the PWMs is determined by two options: TOPNEG
and BOTNEG. The top polarity option, TOPNEG, controls the polarity of
PWMs 1, 3, and 5. The bottom polarity option, BOTNEG, controls the
polarity of PWMs 2, 4, and 6. Positive polarity means that when the PWM
is active, the PWM output is high. Conversely, negative polarity means
that when the PWM is active, PWM output is low. See Figure 9-17.

NOTE: Both bits are found in the CONFIG register, which is a write-once
register. This reduces the chances of the software inadvertently
changing the polarity of the PWM signals and possibly damaging the
motor drive hardware.
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CENTER-ALIGNED POSITIVE POLARITY EDGE-ALIGNED POSITIVE POLARITY
UP/DOWN COUNTER UP-ONLY COUNTER
MODULUS =4
MODULUS =4
PWM =0
PWM =0

PWM =1 —I—
PWM =2 —I—
PWM =3 L

PWM =4

PWM =1

JJ
1t

PWM =2

|

PWM =3

PWM =4

CENTER-ALIGNED NEGATIVE POLARITY EDGE-ALIGNED NEGATIVE POLARITY

UP-ONLY COUNTER
MODULUS =4
UP/DOWN COUNTER

MODULUS =4
PWM =0

PWM =1
PWM =2 I
PWM =3 4,

PWM = 4

PWM=0 J L
PWM = 1
PWM =2

PWM =3

PWM =4

Figure 9-17. PWM Polarity
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Output Control
9.6.4 Output Port Control Register

Conditions may arise in which the PWM pins need to be individually
controlled. This is made possible by the PWM output control register
(PWMOUT) shown in Figure 9-18.

Ad-

dress: $0025
Blt 7 6 5 4 3 2 1 Bit 0
Read: 0 OUT-
OuUT6 | OUT5 | OUT4 | OUT3 | OUT2 | OUT1
Write: CTL
Reset: 0 0 0 0 0 0 0 0

= Unimplement-
ed

Figure 9-18. PWM Output Control Register (PWMOUT)

If the OUTCTL bit is set, the PWM pins can be controlled by the OUTx
bits. These bits behave according to Table 9-4.

Table 9-4. OUTx Bits

OUTXx Bit Complementary Mode Independent Mode
OUT1 1 — PWML1 is active. 1 — PWML1 is active
0 — PWM1 is inactive. 0 — PWM1 is inactive
OUT?2 1 — PWM2 is complement of PWML1. 1 — PWM2 is active
0 — PWM2 is inactive. 0 — PWM?2 is inactive
OUT3 1 — PWMS3 is active. 1 — PWM3 is active
0 — PWM3 is inactive. 0 — PWM3 is inactive
ouT4 1 — PWM4 is complement of PWM3. 1 — PWM4 is active
0 — PWM4 is inactive. 0 — PWM4 is inactive
OUTS 1 — PWMS5 is active. 1 — PWM5 is active
0 — PWMS5 is inactive. 0 — PWMS5 is inactive
oUT6 1 — PWM6 is complement of PWMb. 1 — PWM6 is active
0 — PWMB6 is inactive. 0 — PWMB6 is inactive

When OUTCTL is set, the polarity options TOPPOL and BOTPOL will
still affect the outputs. In addition, if complementary operation is in use,
the PWM pairs will not be allowed to be active simultaneously, and
dead-time will still not be violated. When OUTCTL is set and
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complimentary operation is in use, the odd OUTX bits are inputs to the
dead-time generators as shown in Figure 9-14. Dead-time is inserted
whenever the odd OUTX bit toggles as shown in Figure 9-19. Although
dead-time is not inserted when the even OUTx bits change, there will be
no dead-time violation as shown in Figure 9-20.

Setting the OUTCTL bit does not disable the PWM generator and current
sensing circuitry. They continue to run, but are no longer controlling the
output pins. In addition, OUTCTL will control the PWM pins even when
PWMEN = 0. When OUTCTL is cleared, the outputs of the PWM
generator become the inputs to the dead-time and output circuitry at the
beginning of the next PWM cycle.

NOTE: To avoid an unexpected dead-time occurrence, it is recommended that
the OUTX bits be cleared prior to entering and prior to exiting individual
PWM output control mode.

UP/DOWN COUNTER
MODULUS=4

DEAD-TIME =2
PWM VALUE =3

OUTCTL | |

outt |
|
ouT2 | | |
PWML | | | |

PWM2

]

[

PWM1/PWM2 4_._>
<—.~>2 <—.—>2 2
DEAD-TIME . . .
DEAD-TIME INSERTED AS PART OF ~ DEAD-TIME INSERTED DUE DEAD-TIME INSERTED
NORMAL PWM OPERATION AS TO SETTING OF OUT1 BIT DUE TO CLEARING OF
CONTROLLED BY CURRENT OUTLBIT

SENSING AND PWM GENERATOR

Figure 9-19. Dead-Time Insertion During OUTCTL =1
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PWM VALUE =3

OUTCTL

OuUT1
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PWM1

PWM2
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DEAD-TIME
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[
[

[

e

[ [ L

DEAD-TIMES INSERTED

DEAD-TIME INSERTED BECAUSE

H

NO DEAD-TIME INSERTED

WHEN OUTCTL WAS SET, THE BECAUSE OUT1 TOGGLES, BECAUSE OUT1 IS NOT
STATE OF OUT1 WAS SUCH THAT DIRECTING PWM1 TO TOGGLING.
PWM1 WAS DIRECTED TO TOGGLE ~ TOGGLE.

Figure 9-20. Dead-Time Insertion During OUTCTL =1

9.7 Fault Protection

MC68HC908MR8 — Rev 4.0

Conditions may arise in the external drive circuitry which require that the
PWM signals become inactive immediately, such as an overcurrent fault
condition. Furthermore, it may be desirable to selectively disable
PWM(s) solely with software.

One or more PWM pins can be disabled (forced to their inactive state)
by applying a logic high to either of the two external fault pins or by
writing a logic high to either of the disable bits (DISX and DISY in PWM
control register 1). Figure 9-21 shows the structure of the PWM
disabling scheme. While the PWM pins are disabled, they are forced to
their inactive state. The PWM generator continues to run — only the
output pins are disabled
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' DISY SOFTWARE X DISABLE
é S Q
RS

| — \ BANK Y
J FAULT PIN 4 DISABLE DISABLE

CYCLE START

FMODE4
AUTO
LOGIC HIGH FOR FAULT FPIN4 _ MODE s o
"} sHvpLe o % R
SHOT S Q[FrLAGA
FALT FILTER o
I R MODE
CLEAR BY WRITING 1 TO FTACK4

} INTERRUPT REQUEST
FINT4

The example is of fault pin 4 with DISY.

Note: In manual mode (FMODE = 0), fault 4 may be cleared only if a logic level low
at the input of the fault pin is present.

CYCLE START

ﬁ -
I@ _J FAULT PIN 1 DISABLE

FPIN1 e
LOGIC HIGH FOR FAULT 4 S Q|— BANK X DISABLE
FAULT > SANQ ONE s o m R
PIN1 FILTER SHOT FFLAGL VANUAL
R MODE
CLEAR BY WRITING 1 TO FTACK1 y

INTERRUPT REQUEST
FINT1

The example is of fault pin 1.

Note: In manual mode (FMODE = 0), fault 1 may be cleared regardless of the logic level
at the input of the fault pin.

Figure 9-21. PWM Disabling Scheme

To allow for different motor configurations and the controlling of more
than one motor, the PWM disabling function is organized as two banks,
bank X and bank Y. Bank information combines with information from
the disable mapping register to allow selective PWM disabling. Fault
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pin 1 and PWM disable bit X constitute the disabling function of bank X.
Fault pin 4 and PWM disable bit Y constitute the disabling function of
bank Y. Figure 9-22 and Figure 9-23 show the disable mapping
write-once register and the decoding scheme of the bank which
selectively disables PWM(s). When all bits of the disable mapping
register are set, any disable condition will disable all PWMs.

A fault can also generate a CPU interrupt. Each fault pin has its own
interrupt vector.

Ad-
dress: $0037
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 9-22. PWM Disable Mapping Write-Once Register (DISMAP)
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BIT
DISABLE
PWM PIN 1
DISABLE
PWM PIN 2
DISABLE
BIT 2 PWM PIN 3
BANK X
DISABLE
BANK Y
DISABLE DISABLE
PWM PIN 4
BIT
DISABLE
BIT PWM PIN 5
DISABLE
PWM PIN 6

Figure 9-23. PWM Disabling Decode Scheme

9.7.1 Fault Condition Input Pins

Technical Data

NOTE:

A logic high level on a fault pin disables the respective PWM(s)
determined by the bank and the disable mapping register. Each fault pin
incorporates a filter to assist in rejecting spurious faults. All of the
external fault pins are software-configurable to re-enable the PWMs
either with the fault pin (automatic mode) or with software (manual
mode). Each fault pin has an associated FMODE bit to control the PWM
re-enabling method. Automatic mode is selected by setting the FMODEX
bit in the fault control register. Manual mode is selected when FMODEX
IS clear.

PORTC, when used as an input port, mirrors the state of the fault input
pins, as PORTC has the capability of being used as an output port.
When either pin of PORTC is set as an output, by setting its respective
PORTC data direction register bit, the respective fault pin logic is
disconnected from that pin and the fault input will be defaulted to normal
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non-fault condition to facilitate the use of PORTC as an output pin and

not interfere with the PWM generator. To regain the fault capability for

the respective fault input pin, clear the PORTC data direction register bit
for that pin.

Additionally, when the device is reset, by default, PORTC is configured
as an input. If either bit(s) of PORTC is intended to be used as an output,
the logic state of the driven device’s input is indeterminate. The state of
the driven device, if at a logic one will drive the respective bit of PORTC
input high, thus causing a fault to be input to the respective PORTC input
and to the PWM module.

After setting the PORTC data direction register, clear the respective fault
bits by writing a 1 to bit(s) 0 and or bit 6 in the FTACK Fault Acknowledge
Register (FTACK) and Fault Status Registers (FSR), based on which
PORTC bits that are used as output(s).

The two fault pins incorporate a filter to assist in determining a genuine
fault condition. After a fault pin has been logic low for one CPU cycle, a
rising edge (logic high) will be synchronously sampled once per CPU
cycle for two cycles. If both samples are detected logic high, the
corresponding FPIN bit and FFLAG bit will be set. The FPIN bit will
remain set until the corresponding fault pin is logic low and
synchronously sampled once in the following CPU cycle.

9.7.1.2 Automatic Mode

In automatic mode, the PWM(s) are disabled immediately once a filtered
fault condition is detected (logic high). The PWM(s) remain disabled until
the filtered fault condition is cleared (logic low) and a new PWM cycle
begins as shown in Figure 9-24. Clearing the corresponding FFLAGX
event bit will not enable the PWMs in automatic mode.
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FILTERED FAULT PIN

PWM(s) ENABLED ’ PWM(S) DISABLED (INACTIVE) PWM(S) ENABLED

Figure 9-24. PWM Disabling in Automatic Mode

The filtered fault pin’s logic state is reflected in the respective FPINX bit.
Any write to this bit is overwritten by the pin state. The FFLAGx event bit
is set with each rising edge of the respective fault pin after filtering has
been applied. To clear the FFLAGX bit, the user must write a 1 to the
corresponding FTACKX bit.

If the FINTX bit is set, a fault condition resulting in setting the
corresponding FFLAG bit will also latch a CPU interrupt request. The
interrupt request latch is not cleared until one of these actions occurs:

 The FFLAGX bit is cleared by writing a 1 to the corresponding
FTACKX bit.

 The FINTX bit is cleared. (This will not clear the FFLAGX bit.)

* Reset — A reset automatically clears all four interrupt latches.
If prior to a vector fetch the interrupt request latch is cleared by one of
the above actions, a CPU interrupt will no longer be requested. A vector

fetch does not alter the state of the PWMs, the FFLAGXx event flag, or
FINTX.

NOTE: Ifthe FFLAGXx or FINTXx bits are not cleared during the interrupt service
routine, the interrupt request latch will not be cleared.
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9.7.1.3 Manual Mode

In manual mode, the PWM(s) are disabled immediately once a filtered
fault condition is detected (logic high). The PWM(s) remain disabled until
software clears the corresponding FFLAGXx event bit and a new PWM
cycle begins. In manual mode, the fault pins are grouped in pairs, each
pair sharing common functionality. A fault condition on fault 1 may be
cleared, allowing the PWM(s) to enable at the start of a PWM cycle
regardless of the logic level at the fault pin. See Figure 9-25. A fault
condition on fault 4 can be cleared, allowing the PWM(s) to enable, only
if a logic low level at the fault pin is present at the start of a PWM cycle.
See Figure 9-26.

FILTERED FAULT PIN 1

PWM(S) ENABLED PWM(S) DISABLED PWM(S) ENABLED

A

FFLAGx CLEARED

—

Figure 9-25. PWM Disabling in Manual Mode (Example 1)

FILTERED FAULT PIN 4

PWM(S) ENABLED ‘ PWM(S) DISABLED PWM(S) ENABLED

FFLAGx CLEARED

Figure 9-26. PWM Disabling in Manual Mode (Example 2)
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The function of the fault control and event bits is the same as in
automatic mode except that the PWMs are not re-enabled until the
FFLAGX event bit is cleared by writing to the FTACKX bit and the filtered
fault condition is cleared (logic low).

9.7.2 Software Output Disable

Setting PWM disable bit DISX or DISY in PWM control register 1
immediately disables the corresponding PWM pins as determined by the
bank and disable mapping register. The PWM pin(s) remain disabled
until the PWM disable bit is cleared and a new PWM cycle begins as
shown in Figure 9-27. Setting a PWM disable bit does not latch a CPU
interrupt request, and there are no event flags associated with the PWM
disable bits.

9.7.3 Output Port Control

Technical Data

When operating the PWMs using the OUTXx bits (OUTCTL = 1), fault
protection applies as described in this section. Due to the absence of
periodic PWM cycles, fault conditions are cleared upon each CPU cycle
and the PWM outputs are re-enabled, provided all fault clearing
conditions are satisfied.

DISABLE BIT

PWM(S) ENABLED | PWM(S) DISABLED PWM(S) ENABLED

Figure 9-27. PWM Software Disable
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9.8 Initialization and the PWMEN Bit

NOTE:

CPU CLOCK

PWMEN

For proper operation, all registers should be initialized and the LDOK bit
should be set before enabling the PWM via the PWMEN bit. When the
PWMEN bit is first set, a reload will occur immediately, setting the PWMF
flag and generating an interrupt if PWMINT is set. In addition, in
complementary mode, PWM value registers 1, 3, and 5 will be used for
the first PWM cycle if current sensing is selected.

If the LDOK bit is not set when PWMEN is set after a RESET, the
prescaler and PWM values will be 0, but the modulus will be unknown.
If the LDOK bit is not set after the PWMEN bit has been cleared then set
(without a RESET), the modulus value that was last loaded will be used.

If the dead-time register (DEADTM) is changed after PWMEN or
OUTCTL is set, an improper dead-time insertion could occur. However,
the dead-time can never be shorter than the specified value.

Because of the equals-comparator architecture of this PWM, the
modulus = 0 case is considered illegal. Therefore, the modulus register
is not reset, and a modulus value of O will result in waveforms
inconsistent with the other modulus waveforms. See 9.12.2 PWM
Counter Modulo Registers.

When PWMEN is set, the PWM pins change from high impedance to
outputs. At this time, assuming no fault condition is present, the PWM
pins will drive according to the PWM values, polarity, and dead-time.

See the timing diagram in Figure 9-28.

-

DRIVE ACCORDING TO PWM
VALUE, POLARITY, AND DEAD-TIME

PWM PINS

HI-Z IF OUTCTL =0 >< X HI-Z IFOUTCTL=0

Figure 9-28. PWMEN and PWM Pins
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When the PWMEN bit is cleared, the following will occur:
«  PWM pins will be three-stated unless OUTCTL = 1.
«  PWM counter is cleared and will not be clocked.

* Internally, the PWM generator will force its outputs to O to avoid
glitches when the PWMEN is set again.

When PWMEN is cleared, these features remain active:
e All fault circuitry
* Manual PWM pin control via the PWMOUT register

» Dead-time insertion when PWM pins change via the PWMOUT
register

NOTE: The PWMF flag and pending CPU interrupts are NOT cleared when
PWMEN = 0.

9.9 PWM Operation in Wait Mode

When the microcontroller is put in low-power wait mode via the WAIT
instruction, all clocks to the PWM module will continue to run. If an
interrupt is issued from the PWM module (via a reload or a fault), the
microcontroller will exit wait mode.

Clearing the PWMEN bit before entering wait mode will reduce power
consumption in wait mode because the counter, prescaler divider, and
LDFQ divider will no longer be clocked. In addition, power will be
reduced because the PWMs will no longer toggle.

9.10 PWM Operation in Stop Mode

When the microcontroller is put in low-power wait mode via the STOP
instruction, all clocks to the PWM module will stop.

NOTE: Itisimperative that the program to clear the PWMEN bit before entering
stop mode. Leaving the PWM module enabled during stop mode can
destroy power stages connected to the PWM outputs. The PWM
generator will no longer be clocked during stop mode and the PWM
outputs will no longer toggle.
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9.11 PWM Operation in Break Mode

If the microcontroller goes into break mode (or background mode), the
clocks to the PWM generator and output control blocks will freeze. This
allows the user to set a breakpoint on a development system and
examine the register contents and PWM outputs at that point. It also
allows the user to single-step through the code.

The clocks to the fault block will continue to run. Therefore, if a fault
occurs while the microcontroller is in break mode, the PWM outputs will
immediately be driven to their inactive state(s).

During break mode, the system integration module (SIM) controls
whether status bits in other modules can be cleared during the break
state. The BCFE bit in the SIM break flag control register (SBFCR)
enables software to clear status bits during the break state. Refer to
7.7.5 SIM Break Flag Control Register.

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

To protect the PWMF and FFLAGX bits during the break state, make
sure BCFE is a logic 0. With BCFE at logic O (its default state), software
can read and write the status and control registers during the break state
without affecting the PWMF and FFLAGX bits.
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9.12 Control Logic Block

This subsection provides a description of the control logic block.

9.12.1 PWM Counter Registers

The PWM counter registers (PCNTH and PCNTL) display thel2-bit
up/down or up-only counter. When the high byte of the counter is read,
the lower byte is latched. PCNTL will hold this latched value until it is

read.
Ad-
dress: $0026
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 Bit11 Bit 10 Bit 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 9-29. PWM Counter Register High (PCNTH)
Ad-
dress: $0027
Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 9-30. PWM Counter Register Low (PCNTH)
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9.12.2 PWM Counter Modulo Registers

NOTE:

The PWM counter modulus registers (PDMODH and PDMODL) hold a
12-bit unsigned number that determines the maximum count for the
up/down or up-only counter. In center-aligned mode, the PWM period
will be twice the modulus (assuming no prescaler). In edge-aligned
mode, the PWM period will equal the modulus.

Ad-

dress: $0028
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: 0 0 0 0 X X X X
= Unimplemented X = Indeterminate

Figure 9-31. PWM Counter Modulo Register High (PDMODH)

Ad-

dress: $0029
Bit 7 6 5 4 3 2 1 Bit 0

Read:

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

= Unimplemented X = Indeterminate

Figure 9-32. PWM Counter Modulo Register Low (PDMODL)

To avoid erroneous PWM periods, this value is buffered and will not be
used by the PWM generator until the LDOK bit has been set and the next
PWM load cycle begins.

When reading this register, the value read is the buffer (not necessarily
the value the PWM generator is currently using).

Because of the equals-comparator architecture of this PWM, the
modulus = 0 case is considered illegal. Therefore, the modulus register
is not reset, and a modulus value of O will result in waveforms
inconsistent with the other modulus waveforms. If a modulus of 0 is
loaded, the counter will continually count down from $FFF. This
operation will not be tested or guaranteed. (The user should consider it
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illegal.) However, the dead-time constraints and fault conditions will still
be guaranteed.

9.12.3 PWMx Value Registers

Technical Data

NOTE:

Each of the six PWMs has a 16-bit PWM value register.

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

Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-33. PWMx Value Registers High (PVALxH)

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

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

Figure 9-34. PWMx Value Registers Low (PVALXL)

The 16-bit signed value stored in this register determines the duty cycle
of the PWM. The duty cycle is defined as: (PWM value/modulus) x 100.

Writing a number less than or equal to O causes the PWM to be off for
the entire PWM period. Writing a number greater than or equal to the
12-bit modulus causes the PWM to be on for the entire PWM period.

If the complementary mode is selected, the PWM pairs share PWM
value registers.

To avoid erroneous PWM pulses, this value is buffered and will not be
used by the PWM generator until the LDOK bit has been set and the next
PWM load cycle begins.

When reading these registers, the value read is the buffer (not
necessarily the value the PWM generator is currently using).
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9.12.4 PWM Control Register 1

PWM control register 1 controls PWM enabling/disabling, the loading of
new modulus, prescaler, and PWM values, and the PWM correction
method. In addition, this register contains the software disable bits to
force the PWM outputs to their inactive states (according to the disable
mapping register).

Ad-
dress: $0020
Bit 7 6 5 4 3 2 1 Bit 0
Read: PW-
DISX DISY | PWMINT | PWMF LDOK MEN
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 9-35. PWM Control Register 1 (PCTL1)

DISX — Software Disable for Bank X Bit

This read/write bit allows the user to disable one or more PWM pins
in bank X. The pins that are disabled are determined by the disable
mapping write-once register.

1 = Disable PWM pins in bank X

0 = Re-enable PWM pins at beginning of next PWM cycle

DISY — Software Disable for Bank Y Bit

This read/write bit allows the user to disable one or more PWM pins
in bank Y. The pins that are disabled are determined by the disable
mapping write-once register.

1 = Disable PWM pins in Bank Y Bit

0 = Re-enable PWM pins at beginning of next PWM cycle

PWMINT — PWM Interrupt Enable Bit

This read/write bit allows the user to enable and disable PWM CPU
interrupts. If set, a CPU interrupt will be pending when the PWMF flag
is set.

1 = Enable PWM CPU interrupts

0 = Disable PWM CPU interrupts

MC68HC908MR8 — Rev 4.0 Technical Data

MOTOROLA Pulse-Width Modulator for Motor Control (PWMMC) 175

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Pulse-Width Modulator for Motor Control

NOTE:

NOTE:

CAUTION:

NOTE:

Technical Data

When PWMINT is cleared, pending CPU interrupts are inhibited.
PWMF— PWM Reload Flag

This read/write bit is set at the beginning of every reload cycle
regardless of the state of the LDOK bit. This bit is cleared by reading
PWM control register 1 with the PWMF flag set, then writing a logic 0
to PWMF. If another reload occurs before the clearing sequence is
complete, then writing logic 0 to PWMF has no effect.

1 = New reload cycle began.

0 = New reload cycle has not begun.

When PWMF is cleared, pending PWM CPU interrupts are cleared
(excluding fault interrupts).

Bits 2 and/or 3 of PCTL1 are reserved and must never be setto a 1.
Setting these bits to a 1 will affect the active PWM value registers.
Undesirable results will occur.

LDOK— Load OK Bit

This read/write bit allows the counter modulus, counter prescaler, and
PWM values in the buffered registers to be used by the PWM
generator. These values will not be used until the LDOK bit is set and
a new PWM load cycle begins. LDOK may be cleared, if it is set, by
writing a logic O to it prior to the beginning of a new PWM load cycle.
Internally this bit is automatically cleared after the new values are
loaded.

1 = Okay to load new modulus, prescaler, and PWM values at

beginning of next PWM load cycle
0 = Not okay to load new modulus, prescaler, and PWM values

The user should initialize the PWM registers and set the LDOK bit before
enabling the PWM.

PWMEN — PWM Module Enable Bit

This read/write bit enables and disables the PWM generator and the
PWM pins. When PWMEN is clear, the PWM generator is disabled
and the PWM pins are in the high-impedance state (unless
OUTCTL = 1). When the PWMEN bit is set, the PWM generator and
PWM pins are activated. For more information, see 9.8 Initialization
and the PWMEN Bit.

1 = PWM generator and PWM pins enabled

0 = PWM generator and PWM pins disabled
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A PWM CPU interrupt request can still be generated when LDOK is O.

9.12.5 PWM Control Register 2

NOTE:

NOTE:

PWM control register 2 controls the PWM load frequency, the PWM
correction method, and the PWM counter prescaler. For ease of
software and to avoid erroneous PWM periods, some of these register
bits are buffered. The PWM generator will not use the prescaler value
until the LDOK bit has been set, and a new PWM cycle is starting. The
correction bits are used at the beginning of each PWM cycle (if the
ISENSX bits are configured for software correction). The load frequency
bits are not used until the current load cycle is complete.

The user should initialize this register before enabling the PWM.

Ad-

dress: $0021

Bit 7 6 5 4 3 2 1 Bit O

Read: 0
wri LDFQ1 | LDFQO SEL12 | SEL34 | SEL56 | PRSC1 | PRSCO
rite:

Reset: 0 0 0 0 0 0 0 0

e:dUnlmpIement- Bold |= Buffered

Figure 9-36. PWM Control Register 2 (PCTL2)

LDFQ1 and LDFQO — PWM Load Frequency Bits

These buffered read/write bits select the PWM CPU load frequency
according to Table 9-5.

When reading these bits, the value read is the buffer value (not
necessarily the value the PWM generator is currently using).

Table 9-5. PWM Reload Frequency

Reload Frequency Bits
LDFQ1:LDFQO

00 Every PWM cycle

01 Every 2 PWM cycles
10 Every 4 PWM cycles
11 Every 8 PWM cycles

PWM Reload Frequency
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Technical Data

NOTE:

NOTE:

NOTE:

NOTE:

SEL12 — Top/Bottom Correction Bit for PWM Pair 1 (PWMs 1 and 2)
This buffered read/write bit selects which PWM value register is used
for PWM pins 1 and 2 in complementary mode.

1 = Use PWM value register 2.
0 = Use PWM value register 1.

When reading this bit, the value read is the buffer value (not necessarily
the value the output control block is currently using).

SEL34 — Top/Bottom Correction Bit for PWM Pair 2 (PWMs 3 and 4)

This buffered read/write bit selects which PWM value register is used
for PWM pins 3 and 4 in complementary mode.

1 = Use PWM value register 4.

0 = Use PWM value register 3.

When reading this bit, the value read is the buffer value (not necessarily
the value the output control block is currently using).

SEL56 — Top/Bottom Correction Bit for PWM Pair 3 (PWMs 5 and 6)

This buffered read/write bit selects which PWM value register is used
for PWM pins 5 and 6 in complementary mode.

1 = Use PWM value register 6.

0 = Use PWM value register 5.

When reading this bit, the value read is the buffer value (not necessarily
the value the output control block is currently using).

PRSC1:PRSC0O — PWM Prescaler Bits

These buffered read/write bits allow the PWM clock frequency to be
modified as shown in Table 9-6.

When reading these bits, the value read is the buffer value (not
necessarily the value the PWM generator is currently using).

Table 9-6. PWM Prescaler

PRSGLPRSCO PWM Clock Frequency
00 fop
01 fop/2
10 fopl4
11 fop/8
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NOTE: If PRSC1 and PRSC2 are set to any value other than 0, there is a one

PWM cycle latency time before the PWM pins are driven after the
PWMEN bit is set.

9.12.6 Dead-Time Write-Once Register

The dead-time write-once register (DEADTM) holds an 8-bit value which
specifies the number of CPU clock cycles to use for the dead-time when
complementary PWM mode is selected. After this register is written for
the first time, it cannot be rewritten unless a RESET occurs. The
dead-time is not affected by changes to the prescaler value.

Ad-
dress: $0036
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 9-37. Dead-Time Write-Once Register (DEADTM)

9.12.7 PWM Disable Mapping Write-Once Register

The PWM disable mapping write-once register (DISMAP) holds an 8-bit
value which determines which PWM pins will be disabled if an external
fault or software disable occur. For a further description of the disable
mapping, see 9.7 Fault Protection. After this register is written for the
first time, it cannot be rewritten unless a reset occurs.

Ad-

dress: $0037

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

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 9-38. PWM Disable Mapping Write-Once Register (DISMAP)
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9.12.8 Fault Control Register

Technical Data

This register controls the fault protection circuitry.

dreAS‘ij $0022
Bit 7 6 5 4 3 2 1 Bit 0
Read:| 14 |FMODE T | FMODE
Write: 4 1
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 9-39. Fault Control Register (FCR)

FMODE1 — Fault Mode Selection for Fault Pin 1 Bit (Automatic versus
Manual Mode)

This read/write bit allows the user to select between automatic and
manual mode faults. For further description of each mode, see
9.7 Fault Protection.

1 = Automatic mode

0 = Manual mode

FINT1 — Fault 1 Interrupt Enable Bit

This read/write bit allows the CPU interrupt caused by faults on fault
pin 1 to be enabled. The fault protection circuitry is independent of this
bit and will always be active. If a fault is detected, the PWM pins will
still be disabled according to the disable mapping register.

1 = Fault pin 1 will cause CPU interrupts.

0 = Fault pin 1 will not cause CPU interrupts.

FMODE4 — Fault Mode Selection for Fault Pin 4 Bit (Automatic versus
Manual Mode)

This read/write bit allows the user to select between automatic and
manual mode faults. For further description of each mode, see
9.7 Fault Protection.

1 = Automatic mode

0 = Manual mode
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FINT4 — Fault 4 Interrupt Enable Bit

This read/write bit allows the CPU interrupt caused by faults on fault
pin 4 to be enabled. The fault protection circuitry is independent of this
bit and will always be active. If a fault is detected, the PWM pins will
still be disabled according to the disable mapping register.

1 = Fault pin 4 will cause CPU interrupts.

0 = Fault pin 4 will not cause CPU interrupts.

9.12.9 Fault Status Register

This read-only register indicates the current fault status.

Ad-
dress: $0023
Bit 7 6 5 4 3 2 1 Bit 0
Read:| FPIN4 FFEAG 0 0 0 0 FPIN1 FFLlAG
Write:
Reset: U 0 U 0 U 0 ) 0
= Unimplement- U = Unaffected
ed

Figure 9-40. Fault Status Register (FSR)

FFLAG1 — Fault Event Flag 1

The FFLAGL1 event bit is set within two CPU cycles after a rising edge
on fault pin 1. To clear the FFLAGL1 bit, the user must write a 1 to the
FTACK1 bit in the fault acknowledge register.

1 = A fault has occurred on fault pin 1

0 = No new fault on fault pin 1

FPIN1 — State of Fault Pin 1

This read-only bit allows the user to read the current state of fault
pin 1.

1 = Fault pin 1 is at logic 1

0 = Fault pin 1 is at logic 0
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FFLAG4 — Fault Event Flag 4

The FFLAG4 event bit is set within two CPU cycles after a rising edge
on fault pin 4. To clear the FFLAG4 bit, the user must write a 1 to the
FTACK4 bit in the fault acknowledge register.

1 = A fault has occurred on fault pin 4

0 = No new fault on fault pin 4

FPIN4 — State of Fault Pin 4 Bit
This read-only bit allows the user to read the current state of fault
pin 4.
1 = Fault pin 4 is at logic 1.
0 = Fault pin 4 is at logic 0.

9.12.10 Fault Acknowledge Register

The fault acknowledge register (FTACK) is used to acknowledge and

clear the FFLAGSs. In addition, it is used to monitor the current sensing
bits to test proper operation.

Ad-
dress: $0024
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0 0
Write: FTACK FTACK
4 1
Reset: 0 0 0 0 0 0 0 0
= Unimplement-
ed
Figure 9-41. Fault Acknowledge Register (FTACK)
Technical Data MC68HC908MR8 — Rev 4.0
182 Pulse-Width Modulator for Motor Control (PWMMC) MOTOROLA

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Pulse-Width Modulator for Motor Control (PWMMC)
Control Logic Block

FTACK1 — Fault Acknowledge 1 Bit

The FTACKL bit is used to acknowledge and clear FFLAGL. This bit
will always read 0. Writing a 1 to this bit will clear FFLAG1. Writinga O
will have no effect.

FTACK4 — Fault Acknowledge 4 Bit

The FTACKA4 bit is used to acknowledge and clear FFLAG4. This bit
will always read 0. Writing a 1 to this bit will clear FFLAG4. Writinga O
will have no effect.
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9.12.11 PWM Output Control Register

This register is used to manually control the PWM pins.

Ad-
dress: $0025
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 OUT-
OUT6 | OUT5 | OUT4 | OUT3 | OUT2 | OUT1
Write: CTL
Reset: 0 0 0 0 0 0 0 0
= Unimplement- U = Unaffected
ed

Figure 9-42. PWM Output Control Register (PWMOUT)

OUTCTL— Output control enable

This read/write bit allows the user to manually control the PWM pins.
When set, the PWM generator is no longer the input to the dead-time
and output circuitry. The OUTX bits determine the state of the PWM
pins. Setting the OUTCTL bit does not disable the PWM generator.
The generator continues to run, but is no longer the input to the PWM
dead-time and output circuitry. When OUTCTL is cleared, the outputs
of the PWM generator immediately become the inputs to the
dead-time and output circuitry.

1 = PWM outputs controlled manually

0 = PWM outputs determined by PWM generator
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OuUT6:0UT1— PWM Pin Output Control Bits
These read/write bits control the PWM pins according to Table 9-7.

Table 9-7. OUTx Bits

OUTXx Bit

Complementary Mode

Independent Mode

OouT1

1 — PWML1 is active
0 — PWML1 is inactive

1 — PWML1 is active
0 — PWML1 is inactive

ouT2

1 — PWM2 is complement of PWM 1
0 — PWM2 is inactive

1 — PWM2 is active
0 — PWM2 is inactive

OouT3

1 — PWMa3 is active
0 — PWM3 is inactive

1 — PWM3 is active
0 — PWM3 is inactive

ouT4

1 — PWM4 is complement of PWM 3
0 — PWM4 is inactive

1 — PWM4 is active
0 — PWM4 is inactive

OuT5

1 — PWM5 is active
0 — PWMS5 is inactive

1 — PWM5 is active
0 — PWMS5 is inactive

OouT6

1 — PWM 6 is complement of PWM 5
0 — PWMBG is inactive

1 — PWMS6 is active
0 — PWMBG is inactive

9.13 PWM Glossary

CPU Cycle — One internal bus cycle (1/fgp)

PWM Clock Cycle (or Period) — One tick of the PWM counter (1/fop
with no prescaler). See Figure 9-43.

PWM Cycle (or Period)

« Center-aligned mode: The time it takes the PWM counter to count
up and count down (modulus * 2/fop assuming no prescaler). See
Figure 9-43.

» Edge-aligned mode: The time it takes the PWM counter to count
up (modulus/fgp). See Figure 9-43.
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CENTER-ALIGNED MODE

| N

~&» PWM CLOCK CYCLE

PWM CYCLE (OR PERIOD)

EDGE-ALIGNED MODE
T PWM
- CLOCK -
CYCLE PWM CYCLE (OR PERIOD)

Figure 9-43. PWM Clock Cycle and PWM Cycle Definitions

PWM Load Frequency — The frequency at which new PWM
parameters get loaded into the PWM. See Figure 9-44.

LDFQ1:LDFQO = 01 — RELOAD EVERY TWO CYCLES

_ B

- PWM LOAD CYCLE
(1/PWM LOAD FREQUENCY)
RELOAD NEW RELOAD NEW
MODULUS, MODULUS,
PRESCALER, PRESCALER,
AND PWM VALUES AND PWM VALUES
IFLDOK =1 IFLDOK = 1

Figure 9-44. PWM Load Cycle/Frequency Definition
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This section describes the monitor read-only memory (ROM). The
monitor ROM (MON) allows complete testing of the microcontroller unit
(MCU) through a 2-wire interface with a host computer.

Features of the monitor ROM include:
¢ Normal user-mode pin functionality

» Standard mark/space non-return-to-zero (NRZ) communication
with host computer

e 9600 baud communication with host computer

e Execution of code in random-access memory (RAM) or ROM
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10.4 Functional Description

10.4.1 Entering Monitor Mode

The monitor ROM receives and executes commands from a host
computer. Figure 10-1 shows a sample circuit used to enter monitor
mode and communicate with a host computer via a standard RS-232
interface.

Simple monitor commands can access any memory address. In monitor
mode, the MCU can execute host-computer code in RAM while all MCU
pins retain normal operating mode functions. All communication

between the host computer and the MCU is through the serial
communications interface (SCI). A level-shifting RS-232 interface is
required between the SCI and the host computer. PTB1 requires a
pulldown resistor to ensure proper entry into monitor mode.

Table 10-1 shows the pin conditions for entering monitor mode.

Table 10-1. Mode Selection

IRQ $FFFE/ External Baud
f
Pin RESET SFFFF PLL |PTBO|PTB1 Clock CGMOUT op COP Rate Comment
. No operation
X Vssg X X X X X 0 0 Disabled 0 until reset = Vpp
Vbp PLL configured with
Vhi or X ON | Vpp | Vss | 4.0 MHz | 16.0 MHz | 8.0 MHz | Disabled | 9600 |BCS set by monitor
Vi code
Blank PLL configured with
Voo| Vop (FF) ON X X | 4.0 MHz | 16.0 MHz | 8.0 MHz | Disabled | 9600 |BCS set by monitor
code
Enters monitor
Blank f mode with any
Vss| Vop FF) OFF| X X fosc fosc/2 fosc/4 | Disabled / 10052C4 external clock rate
within operating
spec
Vob| Vpp | Non-blank | X X X X X X Enabled X |Enters user mode

X = Don't care

PTBO = Vpp and PTB1 = Vgg to enter monitor mode

PTBO (RXD) and PTB1 (TXD) used for serial communications (all monitor mode)
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Vop —
10 kQ MC68HC908MR8
RST
f 0.1 pF I
Vhi
10 kﬂé
IRQ

Vbpa 9

Vbpa

0.1 pF ‘L
I r Vssa

VReFH ?
* VREFH

CGMXFC

0.1 pF L
1

1 20
MC145407
+ +
10 pF f 1 10 pF 0.02 pF f
L 1 | 1
4 17 L j_ 4 0SC1
10 uF f 1 10 uF Voo 20 pF X1 ] 10MQ
WF = ~ 1op :I: 4,00 MHz T
2 19 7 L i . . 0SC2
— 20 pF
DB-25 :I:
1
53 | &6 15
! Vop
Vb

; Vss
<

PTBO/RXD

* PTB1/TXD

Figure 10-1. Monitor Mode Circuit
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Enter monitor mode by applying a logic 0 and then a logic 1 to the RST
pin (see Table 10-1)

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

Monitor mode uses alternate vectors for reset and SWI. The alternate
vectors are in the $FE page instead of the $FF page and allow code
execution from the internal monitor firmware instead of user code. The
computer operating properly (COP) module is disabled in monitor mode
as long as Vy, is applied to either the IRQ pin or the RST pin. Refer to
Section 7. System Integration Module (SIM) for more information on
modes of operation.

10.4.2 Forced Monitor Mode

Technical Data

On FLASH parts, if the voltage applied to the m is less than Vy,, the
MCU will come out of reset in user mode. The memory reset module
monitors the reset vector fetches and will assert an internal reset if it
detects that the reset vectors are erased. When the MCU comes out of
reset with its reset vector erased, it is forced into monitor mode without
requiring high voltage on the IRQL1 pin.

The computer operating properly (COP) module is disabled in forced
monitor mode. Any reset other than a power-on reset (POR) will
automatically force the MCU to come back to the forced monitor mode.

Table 10-2 is a summary of the differences between user mode and
monitor mode.

Table 10-2. Mode Differences

Functions
Modes cop Reset_ Reset SWI . SWI
Vector High | Vector Low | Vector High | Vector Low
User Enabled $FFFE $FFFF $FFFC $FFFD
Monitor | Disabled® $FEFE $FEFF $FEFC $FEFD

1. If the high voltage (V4 is removed from the IRQ pin or the RST pin, the SIM
asserts its COP enable output.
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10.4.3 Baud Rate

With a 4.0-MHz reference clock source, data is transferred between the
monitor and host at 9600 baud. The communication baud rate is
achieved by stepping up the internal CPU frequency to 8 MHz, using the
phase-locked loop (PLL). A 4.0-MHz reference frequency is necessary
in this mode as the PLL will not lock with any other reference clock.

As described in Table 10-1, on FLASH parts when Vgg is applied to IRQ
with $FFFE and $FFFF =0, the PLL setup is bypassed and the baud rate
is equal to the reference frequency divided by 1024. This facilitates a
faster communication rate in the interest of a first time programmed
device. This allows selection of other reference frequencies and thus,
facilities a faster communication rate. The reference frequency, in this
case while not utilizing the PLL, is limited to the range of fop. Refer to
21.8 Control Timing.

10.4.4 Data Format
Communication with the monitor ROM is in standard non-return-to-zero

(NRZ) mark/space data format. See Figure 10-2 and Figure 10-3.

NEXT

T\ BR (emo {ars ez \ems )\ era )\ ars Y eme | &7 YSglc%P \EAXXXXXXXX

Figure 10-2. Monitor Data Format

NEXT

START START
sas \"Bm /Bmo \8m1/Bem2\ BT3s BiTa [ BT5 \ BT6 [ BITT STOP \ "B A0

START STOP
BREAK _\ BIT BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 BIT / NEXT
5

Figure 10-3. Sample Monitor Waveforms

The data transmit and receive rate is 9600 baud. Transmit and receive
baud rates will be identical.
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10.4.5 Echoing

As shown in Figure 10-4, the monitor ROM immediately echoes each
received byte back to the PTB1/TXD pin for error checking.

SENT TO
MONITOR
/ Y
{_ reap { READ Y ADDR. HIGH ADDR. HIGH) ADDR. Low J(ADDR.LOW }( DATA
} }
ECHO RESULT

Figure 10-4. Read Transaction
Any result of a command appears after the echo of the last byte of the
command.

10.4.6 Break Signal

A start bit, followed by nine low bits, is a break signal. See Figure 10-5.

When the monitor receives a break signal, it delays two bit times before
echoing the break signal.

MISSING STOP BIT -
<> TWO-STOP-BIT DELAY BEFORE ZERO ECHO
\ [
Lol e s e s e r )\ L o e s e s J e )7 )
Figure 10-5. Break Transaction
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10.4.7 Commands

The monitor ROM uses these commands:
 READ, read memory
*  WRITE, write memory
* IREAD, indexed read
* IWRITE, indexed write
« READSP, read stack pointer
* RUN, run user program

Refer to Table 10-3 through Table 10-8.

Table 10-3. READ (Read Memory) Command

Description Read byte from memory

Operand Specifies 2-byte address in high byte:low byte order
Data returned Returns contents of specified address

Opcode $4A

Command sequence

SENT TO
MONITOR

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

A A A T
ECHO

RESULT

Table 10-4. WRITE (Write Memory) Command

Description Write byte to memory
Operand Specifies 2-byte address in high byte:low byte order; low byte followed by data byte
Data returned None
Opcode $49
Command sequence
SENTTO
MONITOR

v v v v
X WRTE | WRTE ) ADDR.HGH { ADDR.HIGH J ADDR.Low  ADDR.LOW J DATA [ DATA ><
i i i i

ECHO
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Table 10-5. IREAD (Indexed Read) Command

Description Read next 2 bytes in memory from last address accessed
Operand Specifies 2-byte address in high byte:low byte order

Data returned Returns contents of next two addresses

Opcode $1A

Command sequence

SENT TO

MONITOR

v
X READ  READ ) DATA )  DATA ><
\ \ \

ECHO RESULT

Table 10-6. IWRITE (Indexed Write) Command

Description Write to last address accessed + 1
Operand Specifies single data byte

Data returned None

Opcode $19

Command sequence

SENT TO
MONITOR

>< wrre f WRTE ) DATA {  DATA X
]

ECHO

NOTE:

Technical Data

A sequence of IREAD or IWRITE commands can sequentially access a
block of memory over the full 64-Kbyte memory map.
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Table 10-7. READSP (Read Stack Pointer) Command

Description Reads stack pointer

Operand None

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

Command sequence

SENT TO
MONITOR —]
X READSP | READSP ) SPHIGH ) spLOw ><
i
ECHO RESULT

Table 10-8. RUN (Run User Program) Command

Description Executes RTI instruction
Operand None

Data returned None

Opcode $28

Command sequence

SENT TO

MONITOR

ECHO
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10.5 Security

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

NOTE: Do not leave locations $FFF6—-$FFFD blank. For security reasons,
program locations $FFF6—$FFFD even if they are not used for vectors.

During monitor mode entry, the MCU waits after the power-on reset for
the host to send the eight security bytes on pin PTBO (RxD). If the
received bytes match those at locations $FFF6—$FFFD, the host
satisfies the security feature and can read all ROM locations and
execute code from ROM. Security remains satisfied until a power-on
reset occurs. If the reset was not a power-on reset, security remains
satisfied and security code entry is not required. See Figure 10-6.

Vo IN
4>| |<— 4096 + 32 CGMXCLK CYCLES
RST

|<— 24 BUS CYCLES

AN
= NMMWM00000000000000000000000000000000000000MMWMWMW
256 BUS CYCLES (MINIMUM)

FROM HOST ;
PAO N
1 4 1 1 2
FROM MCU

=

BYTE 1
BYTE 2
BYTE 8

gi COMMAND

7
S
-

|

o o @) ~ o
T T T <C T
(@] (@] &) L (@]
Ll Ll [uw} % L
— o~ oo [a]
Ll Ll w =2
& & & s
Notes: @ @ @ =
1 = Echo delay, 2 bit times 8
2 = Data return delay, 2 bit times
4 = Wait 1 bit time before sending next byte.
Figure 10-6. Monitor Mode Entry Timing
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Upon power-on reset, if the received bytes of the security code do not

match the data at locations $FFF6—$FFFD, the host fails to satisfy the

security feature. The MCU remains in monitor mode, but reading a ROM
location returns an invalid value and trying to execute code from ROM

causes an illegal address reset. After receiving the eight security bytes
from the host, the MCU transmits a break character, signifying that it is
ready to receive a command.

The MCU does not transmit a break character until after the host sends
the eight security bytes.

To determine whether the security code entered is correct, check to see
if bit 6 of RAM address $60 is set. If it is, then the correct security code
has been entered and ROM can be accessed.

If the security sequence fails, the device can be reset (via power-pin
reset only) and brought up in monitor mode to attempt another entry.

After failing the security sequence, the FLASH memory can also be bulk
erased by executing an erase routine that was downloaded into internal
RAM. The bulk erase operation clears the security code locations so that
all eight security bytes become $FF.
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11.2 Introduction

11.3 Features

Technical Data

This section describes the timer interface module (TIMA). The TIMA is a
2-channel timer that provides:

* Timing reference with input capture
e Output compare

* Pulse-width modulation (PWM) functions

Refer to Figure 11-1 for a block diagram of the TIMA and to Figure 11-2
for a summary of the registers.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOSRM/AD.

Features of the TIMA include:

» Two input capture/output compare channels:
— Rising-edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action

» Buffered and unbuffered pulse-width modulation (PWM) signal
generation

* Programmable TIMA clock input:
— T7-frequency internal bus clock prescaler selection
— External TIMA clock input (4-MHz maximum frequency)

e Free-running or modulo up-count operation
» Toggle any channel pin on overflow

* TIMA counter stop and reset bits
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PRESCALER SELECT
INTERNAL BUS CLOCK—#=  PRESCALER p
A
TSTOP J * * *
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Figure 11-1. TIMA Block Diagram
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read| rqp 0 0
o ' TOIE |TSTOP PS2 | PS1 | PSO
$000 TIMA Status/Control Regis Write
. ter (TASC) ) TRST | R
See page 214.
Re- 0 1 0 0 0 0 0
set:
Read| pii 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits
TIMA Counter Register High :
$OFOO (TACNTH) Vritel g R R R R R R R
See page 216.
Re- 0 0 0 0 0 0 0
set:
R = Reserved

Figure 11-2. TIMA 1/O Register Summary
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$0010

$0011

$0012

$0013

$0014

$0015
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Register Name
Read
TIMA Counter Register Low

(TACNTL)
See page 216.

Write

Re-
set:

Read
TIMA Counter Modulo Reg-

ister High (TAMODH)
See page 217.

Write

Re-
set:

Read
TIMA Counter Modulo Reg-

ister Low (TAMODL)
See page 217.

Write

Re-
set:

Read

TIMA Channel 0 Sta-
tus/Control Register Write
(TASCO0)

See page 218.

Re-
set:
Read
TIMA Channel 0 Register ,, .
High (TACHoH) VMt
See page 222. '
Re-
set:
Read
TIMA Channel 0 Register ,, .
Low (TACHoL) Vrte
See page 218. '
Re-
set:

Bit 7 6 5 4 3 2 1 Bit O
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R R R R R R R R
0 0 0 0 0 0 0 0
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

CHOF
CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO CHQMA
0
0 0 0 0 0 0 0 0
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8
Indeterminate after reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Indeterminate after reset
R = Reserved

Figure 11-2. TIMA I/O Register Summary (Continued)
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Addr. Register Name

Read

TIMA Channel 1 Sta-
tus/Control Write

Register (TASC1)
See page 218.

$0016
Re-
set:
Read
TIMA Channel 1 Register Write

High (TACH1H) i
See page 222. '

$0017
Re-

set:

Read

TIMA Channel 1 Register Write

Low (TACHL1L) i
See page 222. '

$0018

Re-
set:

Timer Interface A (TIMA)

Features
Bit 7 6 5 4 3 2 1 Bit O
CHI1F 0
CHI1IE MS1A | ELS1B | ELS1A | TOV1 CH)l(MA
0 R
0 0 0 0 0 0 0 0
Bit 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8
Indeterminate after reset
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Indeterminate after reset
R = Reserved

Figure 11-2. TIMA I/O Register Summary (Continued)
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11.4 Functional Description

Figure 11-1 shows the TIMA structure. The central component of the
TIMA is the 16-bit TIMA counter that can operate as a free-running
counter or a modulo up-counter. The TIMA counter provides the timing
reference for the input capture and output compare functions. The TIMA
counter modulo registers, TAMODH-TAMODL, control the modulo
value of the TIMA counter. Software can read the TIMA counter value at
any time without affecting the counting sequence.

The two TIMA channels are programmable independently as input
capture or output compare channels.

11.4.1 TIMA Counter Prescaler

11.4.2 Input Capture

Technical Data

The TIMA clock source can be one of the seven prescaler outputs or the
TIMA clock pin, PTB2/TCLKA. The prescaler generates seven clock
rates from the internal bus clock. The prescaler select bits, PS[2:0], in
the TIMA status and control register select the TIMA clock source.

An input capture function has three basic parts:

1. Edge select logic
2. Input capture latch
3. 16-bit counter

Two 8-bit registers, which make up the 16-bit input capture register, are
used to latch the value of the free-running counter after the
corresponding input capture edge detector senses a defined transition.
The polarity of the active edge is programmable. The level transition
which triggers the counter transfer is defined by the corresponding input
edge bits (ELSxB and ELSxA in the TASCO and TASC1 control registers
with x referring to the active channel number).

When an active edge occurs on the pin of an input capture channel, the
TIMA latches the contents of the TIMA counter into the TIMA channel
registers, TCHxH-TCHXL. Input captures can generate TIMA CPU
interrupt requests. Software can determine that an input capture event
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has occurred by enabling input capture interrupts or by polling the status
flag bit.

The free-running counter contents are transferred to the TIMA channel
status and control registers TACHxH and TACHXL (see 11.10.5 TIMA
Channel Registers) on each proper signal transition regardless of
whether the TIMA channel flag (CHOF—CHL1F in the TASCO-TASC1
registers) is set or clear. When the status flag is set, a CPU interrupt is
generated if enabled. The value of the count latched or captured is the
time of the event. Because this value is stored in the input capture
register two bus cycles after the actual event occurs, user software can
respond to this event at a later time and determine the actual time of the
event. However, this must be done prior to another input capture on the
same pin; otherwise, the previous time value will be lost.

By recording the times for successive edges on an incoming signal,
software can determine the period and/or pulse width of the signal. To
measure a period, two successive edges of the same polarity are
captured. To measure a pulse width, two alternate polarity edges are
captured. Software should track the overflows at the 16-bit module
counter to extend its range.

Another use for the input capture function is to establish a time
reference. In this case, an input capture function is used in conjunction
with an output compare function. For example, to activate an output
signal a specified number of clock cycles after detecting an input event
(edge), use the input capture function to record the time at which the
edge occurred. A number corresponding to the desired delay is added to
this captured value and stored to an output compare register (see
11.10.5 TIMA Channel Registers). Because both input captures and
output compares are referenced to the same 16-bit modulo counter, the
delay can be controlled to the resolution of the counter independent of
software latencies.

NOTE: Reset does not affect the contents of the input capture channel register
(TACHXH-TACHXL).

11.4.3 Output Compare

With the output compare function, the TIMA can generate a periodic
pulse with a programmable polarity, duration, and frequency. When the
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counter reaches the value in the registers of an output compare channel,
the TIMA can set, clear, or toggle the channel pin. Output compares can
generate TIMA CPU interrupt requests.

11.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare
pulses as described in 11.4.3 Output Compare. The pulses are

unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIMA channel registers.

An unsynchronized write to the TIMA channel registers to change an
output compare value could cause incorrect operation for up to two
counter overflow periods. For example, writing a new value before the
counter reaches the old value but after the counter reaches the new
value prevents any compare during that counter overflow period. Also,
using a TIMA overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIMA may
pass the new value before it is written.

Use these methods to synchronize unbuffered changes in the output
compare value on channel x:

« When changing to a smaller value, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current output compare pulse. The interrupt routine has until
the end of the counter overflow period to write the new value.

* When changing to a larger output compare value, enable TIMA
overflow interrupts and write the new value in the TIMA overflow
interrupt routine. The TIMA overflow interrupt occurs at the end of
the current counter overflow period. Writing a larger value in an
output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same counter
overflow period.

11.4.3.2 Buffered Output Compare

Technical Data

Channels 0 and 1 can be linked to form a buffered output compare
channel whose output appears on the PTB3/TCHOA pin. The TIMA
channel registers of the linked pair alternately control the output.
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Setting the MSOB bit in TIMA channel 0 status and control register
(TASCDO) links channel 0 and channel 1. The output compare value in the
TIMA channel O registers initially controls the output on the
PTB3/TCHOA pin. Writing to the TIMA channel 1 registers enables the
TIMA channel 1 registers to synchronously control the output after the
TIMA overflows. At each subsequent overflow, the TIMA channel
registers (0 or 1) that control the output are the ones written to last. TSCO
controls and monitors the buffered output compare function, and TIMA
channel 1 status and control register (TASC1) is unused. While the
MSOB bit is set, the channel 1 pin, PTB4/TCH1A, is available as a
general-purpose input/output (I/O) pin.

NOTE: In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should
track the currently active channel to prevent writing a new value to the
active channel. Writing to the active channel registers is the same as
generating unbuffered output compares.

11.4.4 Pulse-Width Modulation (PWM)

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

As Figure 11-3 shows, the output compare value in the TIMA channel
registers determines the pulse width of the PWM signal. The time
between overflow and output compare is the pulse width. Program the
TIMA to clear the channel pin on output compare if the state of the PWM
pulse is logic 1. Program the TIMA to set the pin if the state of the PWM
pulse is logic 0.
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Figure 11-3. PWM Period and Pulse Width

The value in the TIMA counter modulo registers and the selected
prescaler output determines the frequency of the PWM output. The
frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$00FF (255) to the TIMA counter modulo registers produces a PWM
period of 256 times the internal bus clock period if the prescaler select
value is $000. See 11.10.1 TIMA Status and Control Register.

The value in the TIMA channel registers determines the pulse width of
the PWM output. The pulse width of an 8-bit PWM signal is variable in
256 increments. Writing $0080 (128) to the TIMA channel registers
produces a duty cycle of 128/256 or 50 percent.

11.4.4.1 Unbuffered PWM Signal Generation

Technical Data

Any output compare channel can generate unbuffered PWM pulses as
described in 11.4.4 Pulse-Width Modulation (PWM). The pulses are
unbuffered because changing the pulse width requires writing the new
pulse width value over the value currently in the TIMA channel registers.

An unsynchronized write to the TIMA channel registers to change a
pulse width value could cause incorrect operation for up to two PWM
periods. For example, writing a new value before the counter reaches
the old value but after the counter reaches the new value prevents any
compare during that PWM period. Also, using a TIMA overflow interrupt
routine to write a new, smaller pulse width value may cause the compare
to be missed. The TIMA may pass the new value before it is written to
the TIMA channel registers.
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Use these methods to synchronize unbuffered changes in the PWM
pulse width on channel x:

« When changing to a shorter pulse width, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the
PWM period to write the new value.

* When changing to a longer pulse width, enable TIMA overflow
interrupts and write the new value in the TIMA overflow interrupt
routine. The TIMA overflow interrupt occurs at the end of the
current PWM period. Writing a larger value in an output compare
interrupt routine (at the end of the current pulse) could cause two
output compares to occur in the same PWM period.

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable
0 percent duty cycle generation and removes the ability of the channel
to self-correct in the event of software error or noise. Toggling on output
compare also can cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

11.4.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose
output appears on the PTB3/TCHOA pin. The TIMA channel registers of
the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIMA channel 0 status and control register
(TASCO) links channel 0 and channel 1. The TIMA channel O registers
initially control the pulse width on the PTB3/TCHOA pin. Writing to the
TIMA channel 1 registers enables the TIMA channel 1 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMA channel registers (0 or
1) that control the pulse width are the ones written to last. TASCO
controls and monitors the buffered PWM function, and TIMA channel 1
status and control register (TASC1) is unused. While the MSOB bit is set,
the channel 1 pin, PTB4/TCH1A, is available as a general-purpose 1/0

pin.
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NOTE:

In buffered PWM signal generation, do not write new pulse width values
to the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as
generating unbuffered PWM signals.

11.4.4.3 PWM Initialization

NOTE:

Technical Data

To ensure correct operation when generating unbuffered or buffered
PWM signals, use this initialization procedure:
1. Inthe TIMA status and control register (TASC):

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

b. Reset the TIMA counter and prescaler by setting the TIMA
reset bit, TRST.

2. Inthe TIMA counter modulo registers (TAMODH-TAMODL), write
the value for the required PWM period.

3. Inthe TIMA channel x registers (TACHxH-TACHXL), write the
value for the required pulse width.

4. In TIMA channel x status and control register (TASCXx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or
1:0 (for buffered output compare or PWM signals) to the mode
select bits, MSxB—MSxA. See Table 11-2.

b. Write 1 to the toggle-on-overflow bit, TOVX.

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on
compare) to the edge/level select bits, ELSXB—ELSXA. The
output action on compare must force the output to the
complement of the pulse width level. See Table 11-2.

In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable

0 percent duty cycle generation and removes the ability of the channel
to self-correct in the event of software error or noise. Toggling on output
compare can also cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

5. Inthe TIMA status control register (TASC), clear the TIMA stop bit,
TSTOP.
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Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIMA channel O registers (TACHOH-TACHOL)
initially control the buffered PWM output. TIMA status control register O
(TASCO) controls and monitors the PWM signal from the linked
channels. MSOB takes priority over MSOA.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on
TIMA overflows. Subsequent output compares try to force the output to
a state it is already in and have no effect. The result is a O percent duty
cycle output.

Setting the channel x maximum duty cycle bit (CHXMAX) and setting the
TOVX bit generates a 100 percent duty cycle output. See 11.10.4 TIMA
Channel Status and Control Registers.

11.5 Interrupts

These TIMA sources can generate interrupt requests:

* TIMA overflow flag (TOF) — The TOF bit is set when the TIMA
counter reaches the modulo value programmed in the TIMA
counter modulo registers. The TIMA overflow interrupt enable bit,
TOIE, enables TIMA overflow CPU interrupt requests. TOF and
TOIE are in the TIMA status and control register.

* TIMA channel flags (CH1F—CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. Channel x
TIMA CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHXIE.

11.6 Wait Mode

The WAIT instruction puts the MCU in low-power standby mode.

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

If TIMA functions are not required during wait mode, reduce power
consumption by stopping the TIMA before executing the WAIT
instruction.

TIMA is inactive after execution of a STOP instruction. The STOP
instruction does not affect register conditions or the state of the TIMA
counter. TIMA operation resumes when the MCU exits stop mode after
an external interrupt.

11.8 TIMA During Break Interrupts

11.9 /O Signals

Technical Data

A break interrupt stops the TIMA counter and inhibits input captures.

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state. See 7.7.5 SIM Break Flag Control
Register.

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

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
status bits have a 2-step read/write clearing procedure. If software does
the first step on such a bit before the break, the bit cannot change during
the break state as long as BCFE is at logic 0. After the break, doing the
second step clears the status bit.

Port B shares three of its pins with the TIMA. PTB2/TCLKA is an external
clock input to the TIMA prescaler. The two TIMA channel I/O pins are
PTB3/TCHOA and PTB4/TCH1A.
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11.9.1 TIMA Clock Pin (PTB2/TCLKA)

PTB2/TCLKA is an external clock input that can be the clock source for
the TIMA counter instead of the prescaled internal bus clock. Select the
PTB2/TCLKA input by writing logic 1s to the three prescaler select bits,
PS[2:0] (see 11.10.1 TIMA Status and Control Register). The
minimum TCLK pulse width, TCLKLMIN or TCLKHMIN, is:

1 Lt
bus frequency SU

The maximum TCLK frequency is the least: 4 MHz or bus frequency + 2.

PTB2/TCLKA is available as a general-purpose I/O pin or ADC channel
when not used as the TIMA clock input. When the PTB2/TCLKA pin is
the TIMA clock input, it is an input regardless of the state of the DDRB2
bit in data direction register B.

11.9.2 TIMA Channel I/0O Pins (PTB3/TCHOA-PTB4/TCH1A)

Each channel I/O pin is programmable independently as an input
capture pin or an output compare pin. PTB3/TCHOA and PTB3/TCH1A
can be configured as buffered output compare or buffered PWM pins.

11.10 1/O Registers

These 1/O registers control and monitor TIMA operation:
* TIMA status and control register (TASC)
e TIMA control registers (TACNTH-TACNTL)
e TIMA counter modulo registers (TAMODH-TAMODL)
e TIMA channel status and control registers (TASCO and TASC1)

* TIMA channel registers (TACHOH-TACHOL and
TACH1H-TACHLIL)
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11.10.1 TIMA Status and Control Register

The TIMA status and control register:
* Enables TIMA overflow interrupts
* Flags TIMA overflows
» Stops the TIMA counter
* Resets the TIMA counter

» Prescales the TIMA counter clock

Address $000E

Bit 7 6 5 4 3 2 1 Bit 0
Read:| TOF 0 0
TOIE | TSTOP PS2 PS1 PSO
Write: 0 TRST R
Reset: 0 0 1 0 0 0 0 0
R = Reserved

Figure 11-4. TIMA Status and Control Register (TASC)

TOF — TIMA Overflow Flag Bit

This read/write flag is set when the TIMA counter reaches the modulo
value programmed in the TIMA counter modulo registers. Clear TOF
by reading the TIMA status and control register when TOF is set and
then writing a logic 0 to TOF. If another TIMA overflow occurs before
the clearing sequence is complete, then writing logic 0 to TOF has no
effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic
1 to TOF has no effect.

1 = TIMA counter has reached modulo value.

0 = TIMA counter has not reached modulo value.

TOIE — TIMA Overflow Interrupt Enable Bit

This read/write bit enables TIMA overflow interrupts when the TOF bit
becomes set. Reset clears the TOIE bit.

1 = TIMA overflow interrupts enabled

0 = TIMA overflow interrupts disabled
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TSTOP — TIMA Stop Bit

This read/write bit stops the TIMA counter. Counting resumes when
TSTOP is cleared. Reset sets the TSTOP bit, stopping the TIMA
counter until software clears the TSTOP bit.

1 = TIMA counter stopped

0 = TIMA counter active

NOTE: Do not setthe TSTOP bit before entering wait mode if the TIMA is
required to exit wait mode. Also, when the TSTOP bit is set and the timer
is configured for input capture operation, input captures are inhibited
until TSTOP is cleared.

TRST — TIMA Reset Bit

Setting this write-only bit resets the TIMA counter and the TIMA
prescaler. Setting TRST has no effect on any other registers.
Counting resumes from $0000. TRST is cleared automatically after
the TIMA counter is reset and always reads as logic 0. Reset clears

the TRST bit.
1 = Prescaler and TIMA counter cleared
0 = No effect

NOTE: Setting the TSTOP and TRST bits simultaneously stops the TIMA
counter at a value of $0000.
PS[2:0] — Prescaler Select Bits

These read/write bits select either the PTB2/TCLKA pin or one of the
seven prescaler outputs as the input to the TIMA counter as
Table 11-1 shows. Reset clears the PS[2:0] bits.

Table 11-1. Prescaler Selection

PS[2:0] TIMA Clock Source

000 Internal bus clock + 1

001 Internal bus clock + 2

010 Internal bus clock + 4

011 Internal bus clock + 8

100 Internal bus clock + 16

101 Internal bus clock + 32

110 Internal bus clock + 64

111 PTB2/TCLKA
MC68HC908MR8 — Rev 4.0 Technical Data
MOTOROLA Timer Interface A (TIMA) 215

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


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Freescale Semiconductor, Inc.

Timer Interface A (TIMA)

11.10.2 TIMA Counter Registers

The two read-only TIMA counter registers contain the high and low bytes
of the value in the TIMA counter. Reading the high byte (TACNTH)
latches the contents of the low byte (TACNTL) into a buffer. Subsequent
reads of TACNTH do not affect the latched TACNTL value until TACNTL
is read. Reset clears the TIMA counter registers. Setting the TIMA reset
bit (TRST) also clears the TIMA counter registers.

NOTE: If TACNTH is read during a break interrupt, be sure to unlatch TACNTL
by reading TACNTL before exiting the break interrupt. Otherwise,
TACNTL retains the value latched during the break.

Register Name and Ad- TACNTH — $000F
dress:

Bit 7 6 5 4 3 2 1 Bit O

Read:| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
Register Name and Ad- TACNTL — $0010
dress:
Bit 7 6 5 4 3 2 1 Bit 0

Read:| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 11-5. TIMA Counter Registers (TACNTH and TACNTL)
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11.10.3 TIMA Counter Modulo Registers

The read/write TIMA modulo registers contain the modulo value for the
TIMA counter. When the TIMA counter reaches the modulo value, the
overflow flag (TOF) becomes set, and the TIMA counter resumes
counting from $0000 at the next timer clock. Writing to the high byte
(TMODH) inhibits the TOF bit and overflow interrupts until the low byte
(TMODL) is written. Reset sets the TIMA counter modulo registers.

Register Name and Ad- TAMODH — $0011
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: 1 1 1 1 1 1 1 1
Register Name and Ad- TAMODL — $0012
dress:
Bit 7 6 5 4 3 2 1 Bit O
Read:
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 11-6. TIMA Counter Modulo Registers (TMODH and TMODL)

NOTE: Resetthe TIMA counter before writing to the TIMA counter modulo
registers.
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11.10.4 TIMA Channel Status and Control Registers

Each of the TIMA channel status and control registers:
e Flags input captures and output compares
« Enables input capture and output compare interrupts
e Selects input capture, output compare, or PWM operation
» Selects high, low, or toggling output on output compare

« Selects rising edge, falling edge, or any edge as the active input
capture trigger

e Selects output toggling on TIMA overflow
» Selects 0% and 100% PWM duty cycle

« Selects buffered or unbuffered output compare/PWM operation

Register Name and Ad- TASCO — $0013
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO CH?(MA
Write: 0
Reset: 0 0 0 0 0 0 0 0
Register Name and Ad- TASC1 — $0016
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
CH1IE MS1A | ELS1B | ELS1A | TOV1 CH>1(MA
Write: 0 R
Reset: 0 0 0 0 0 0 0 0
R = Reserved
Figure 11-7. TIMA Channel Status and Control Registers
(TASCO-TASC1)
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CHxF — Channel x Flag Bit

When channel x is an input capture channel, this read/write bit is set
when an active edge occurs on the channel x pin. When channel x is
an output compare channel, CHxF is set when the value in the TIMA
counter registers matches the value in the TIMA channel x registers.

When CHXIE = 1, clear CHxF by reading TIMA channel x status and
control register with CHxF set, and then writing a logic 0 to CHxF. If
another interrupt request occurs before the clearing sequence is
complete, then writing logic 0 to CHxF has no effect. Therefore, an
interrupt request cannot be lost due to inadvertent clearing of CHxF.

Reset clears the CHxF bit. Writing a logic 1 to CHxF has no effect.
1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x

CHXIE — Channel x Interrupt Enable Bit

This read/write bit enables TIMA CPU interrupts on channel x. Reset
clears the CHXIE bit.

1 = Channel x CPU interrupt requests enabled

0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation.
MSxB exists only in the TIMA channel 0. Setting MSOB disables the
channel 1 status and control register and reverts TCH1A to
general-purpose 1/O. Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A

When ELSxB:A # 00, this read/write bit selects either input capture
operation or unbuffered output compare/PWM operation. See
Table 11-2.

1 = Unbuffered output compare/PWM operation

0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level
of the TCHx pin once PWM, input capture, or output compare
operation is enabled. Reset clears the MSxA bit. See Table 11-2.

1 = Initial output level low

0 = Initial output level high

MC68HC908MR8 — Rev 4.0 Technical Data
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NOTE:

Before changing a channel function by writing to the MSxB or MSXxA bit,
set the TSTOP and TRST bits in the TIMA status and control register
(TASC).

ELSxB and ELSxA — Edge/Level Select Bits

When channel x is an input capture channel, these read/write bits
control the active edge-sensing logic on channel x.

When channel x is an output compare channel, ELSxB and ELSxA
control the channel x output behavior when an output compare
occurs.

When ELSxB and ELSXA are both clear, channel x is not connected
to port B, and pin PTBx/TCHXA is available as a general-purpose 1/0O
pin. However, channel x is at a state determined by these bits and
becomes transparent to the respective pin when PWM, input capture,
or output compare mode is enabled. Table 11-2 shows how ELSxA
and ELSxA work. Reset clears the ELSxB and ELSxA bits.

Table 11-2. Mode, Edge, and Level Selection

MSxB:MSxA | ELSxB:ELSxXA Mode Configuration
X0 00 Pin under port control:
Initialize timer
Output Output level high
X1 00 preset | pin under port control:
Initialize timer
Output level low
00 01 Capture on rising edge only
Input .
00 10 capture Capture on falling edge only
00 11 Capture on rising or falling edge
01 01 Toggle output on compare
Output
01 10 compare | Clear output on compare
or PWM
01 11 Set output on compare
1X 01 Buffered | Toggle output on compare
output
1X 10 compare Clear output on compare
or
1X 11 buffered | Set output on compare
PWM
Technical Data MC68HC908MR8 — Rev 4.0
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NOTE: Before enabling a TIMA channel register for input capture operation,
make sure that the PTBx/TACHX pin is stable for at least two bus clocks.

TOVx — Toggle-On-Overflow Bit

When channel x is an output compare channel, this read/write bit
controls the behavior of the channel x output when the TIMA counter
overflows. When channel x is an input capture channel, TOVx has no
effect. Reset clears the TOVx bit.

1 = Channel x pin toggles on TIMA counter overflow.

0 = Channel x pin does not toggle on TIMA counter overflow.

NOTE: When TOVXx is set, a TIMA counter overflow takes precedence over a
channel x output compare if both occur at the same time.

CHXMAX — Channel x Maximum Duty Cycle Bit

When the TOVx bit is at logic 1, setting the CHXMAX bit forces the
duty cycle of buffered and unbuffered PWM signals to 100 percent. As
Figure 11-8 shows, the CHXMAX bit takes effect in the cycle after it
is set or cleared. The output stays at the 100 percent duty cycle level
until the cycle after CHXMAX is cleared.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

<«—— PERIOD —»

\ \ Y Y Y
PTBX/TCHx
A T T A
OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

TOVx | |

Figure 11-8. CHxMAX Latency
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11.10.5 TIMA Channel Registers

These read/write registers contain the captured TIMA counter value of
the input capture function or the output compare value of the output
compare function. The state of the TIMA channel registers after reset is
unknown.

In input capture mode (MSxB—MSxA = 0:0), reading the high byte of the
TIMA channel x registers (TACHxH) inhibits input captures until the low
byte (TACHXL) is read.

In output compare mode (MSxB—MSXxA # 0:0), writing to the high byte of
the TIMA channel x registers (TACHxH) inhibits output compares until
the low byte (TACHXL) is written.

Register Name and Address: TACHOH — $0014
Bit 7 6 5 4 3 2 1 Bit 0
Read:
] Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after reset
Register Name and Address: TACHOL — $0015
Bit 7 6 5 4 3 2 1 Bit 0
Read:
] Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after reset
Register Name and Address: TACH1H — $0017
Bit 7 6 5 4 3 2 1 Bit 0
Read:
) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after reset
Register Name and Address: TACHI1L — $0018
Bit 7 6 5 4 3 2 1 Bit 0
Read:
) Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after reset

Figure 11-9. TIMA Channel Registers (TACHOH/L—-TACH1HI/L)
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12.2 Introduction

12.3 Features

Technical Data

This section describes the timer interface module (TIMB). The TIMB is a
2-channel timer that provides:

* Atiming reference with input capture
e Output compare

* Pulse width modulation (PWM) functions

Refer to Figure 12-1 for a block diagram of the TIMB and to Figure 12-2
for a summary of the registers.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOSRM/AD.

Features of the TIMB include:

* Two input capture/output compare channels
— Rising-edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action

» Buffered and unbuffered PWM signal generation

* Programmable TIMB clock with 7-frequency internal bus clock
prescaler selection

e Free-running or modulo up-count operation
» Toggle any channel pin on overflow

* TIMB counter stop and reset bits

MC68HC908MR8 — Rev 4.0
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Features

INTERNAL PRESCALER SELECT
BUS CLOCK—™]  PRESCALER j‘>
A
TSTOP J * * *
‘ PS2 ‘ PS1 ‘ PSO ‘
TRST >
—_— " |
_| lG-BITiCENTER |« = TOF INTERRUPT
TOE | LoGIc
16-BIT COMPARATOR >
TMODH:TMODL
CHANNEL 0 | ELsoB | ELSOA | oV
PTB5
$ 16-BIT COMPARATOR [ CHOMAX locle | PTBSTCHOB
TCHOH:TCHOL e ¢ NTERRUPT
N -
16-BIT LATCH -
md >§ o ] LOGIC
CHANNEL 1 | ELs1B | ELSIA | oVT
$ 16-BIT COMPARATOR = L\ CHIMAX [OBe  |—» PTBGTCHIB
TCHIH:TCHIL . @ CHIF . R
—N 16-BIT LATCH - LOGIg
CHIIE |7
Figure 12-1. TIMB Block Diagram
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read| 1op 0 0
TIMB Status/Control Regis- TOIE |TSTOP PS2 PS1 PSO
ter Write
$0051 (TBSC) 0 TRST R
See page 238.
Re-
. 0 0 1 0 0 0 0 0
set:
Read| g 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
TIMB Counter Register High Write
$0052 (TBCNTH) ] R R R R R R R R
See page 240.
Re- ¢ 0 0 0 0 0 0 0
set:
R = Reserved
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Register Name
Read
TIMB Counter Register Low

(TBCNTL)
See page 240.

Write

Re-
set:

Read

TIMB Counter Modulo Reg-
ister High Write
(TBMODH)

See page 241.
Re-

set:
Read

TIMB Counter Modulo Reg-
ister Low Write
(TBMODL)

See page 241.
Re-

set:
Read

TIMB Channel 0 Sta-
tus/Control Register Write

(TBSCO)

See page 242.

set:
Read

TIMB Channel 0 Register
High Write
(TBCHOH)

See page 246.
Re-

set:

Bit 7 6 5 4 3 2 1 Bit O
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R R R R R R R R
0 0 0 0 0 0 0 0
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit 10 Bit 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
1 1 1 1 1 1 1 1

CHOF
CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO CH?(MA
0
0 0 0 0 0 0 0 0
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit 10 Bit 9 Bit 8
Indeterminate after reset
R = Reserved

Figure 12-2. TIMB I/O Register Summary (Continued)
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read
TIMB Channel 0 Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
Low Write
$0058 (TBCHOL)
See page 246.
i Indeterminate after reset
set:
Read| ~1p 0
TIMB Channel 1 Sta- CHI1IE MS1A |ELS1B | ELS1A| TOV1 CH)l(MA
tus/Control Register Write
$0059 (TBSC1) 0 R
See page 246.
Re-
. 0 0 0 0 0 0 0 0
set:
Read
TIMB Channel 1 Register | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8
$005 High Write
A (TBCH1H)
See page 246. R
e Indeterminate after reset
set:
Read
TIMB Channel 1 Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
$005 Low Write
B (TBCH1L)
See page 246.
i Indeterminate after reset
set:
R = Reserved

Figure 12-2. TIMB I/O Register Summary (Continued)

12.4 Functional Description

Figure 12-1 shows the TIMB structure. The central component of the
TIMB is the 16-bit TIMB counter that can operate as a free-running
counter or a modulo up-counter. The TIMB counter provides the timing
reference for the input capture and output compare functions. The TIMB
counter modulo registers, TBMODH-TBMODL, control the modulo
value of the TIMB counter. Software can read the TIMB counter value at
any time without affecting the counting sequence.
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The two TIMB channels are programmable independently as input
capture or output compare channels.

12.4.1 TIMB Counter Prescaler

12.4.2 Input Capture

Technical Data

The TIMB clock source can be one of the seven prescaler outputs. The
prescaler generates seven clock rates from the internal bus clock. The
prescaler select bits, PS[2:0], in the TIMB status and control register
select the TIMB clock source.

An input capture function has three basic parts:
» Edge select logic
e Input capture latch

¢ 16-bit counter

Two 8-bit registers, which make up the 16-bit input capture register, are
used to latch the value of the free-running counter after the
corresponding input capture edge detector senses a defined transition.
The polarity of the active edge is programmable. The level transition
which triggers the counter transfer is defined by the corresponding input
edge bits (ELSxB and ELSxA in TBSCO through TBSC1 control registers
with x referring to the active channel number). When an active edge
occurs on the pin of an input capture channel, the TIMB latches the
contents of the TIMB counter into the TIMB channel registers,
TCHxH-TCHXL. Input captures can generate TIMB CPU interrupt
requests. Software can determine that an input capture event has
occurred by enabling input capture interrupts or by polling the status flag
bit.

The free-running counter contents are transferred to the TIMB channel
status and control register, TBCHxH-TBCHXL, (see 12.10.5 TIMB
Channel Registers) on each proper signal transition regardless of
whether the TIMB channel flag (CHOF—CH1F in TBSCO0-TBSC1
registers) is set or clear. When the status flag is set, a CPU interrupt is
generated if enabled. The value of the count latched or “captured” is the
time of the event. Because this value is stored in the input capture
register two bus cycles after the actual event occurs, user software can

MC68HC908MR8 — Rev 4.0
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respond to this event at a later time and determine the actual time of the
event. However, this must be done prior to another input capture on the
same pin; otherwise, the previous time value will be lost.

By recording the times for successive edges on an incoming signal,
software can determine the period and/or pulse width of the signal. To
measure a period, two successive edges of the same polarity are
captured. To measure a pulse width, two alternate polarity edges are
captured. Software should track the overflows at the 16-bit module
counter to extend its range.

Another use for the input capture function is to establish a time
reference. In this case, an input capture function is used in conjunction
with an output compare function. For example, to activate an output
signal a specified number of clock cycles after detecting an input event
(edge), use the input capture function to record the time at which the
edge occurred. A number corresponding to the desired delay is added to
this captured value and stored to an output compare register (see
12.10.5 TIMB Channel Registers). Because both input captures and
output compares are referenced to the same 16-bit modulo counter, the
delay can be controlled to the resolution of the counter independent of
software latencies.

NOTE: Reset does not affect the contents of the input capture channel register
(TBCHXH-TBCHXL).
MC68HC908MR8 — Rev 4.0 Technical Data
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12.4.3 Output Compare

With the output compare function, the TIMB can generate a periodic
pulse with a programmable polarity, duration, and frequency. When the
counter reaches the value in the registers of an output compare channel,
the TIMB can set, clear, or toggle the channel pin. Output compares can
generate TIMB CPU interrupt requests.

12.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare
pulses as described in 12.4.3 Output Compare. The pulses are

unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIMB channel registers.

An unsynchronized write to the TIMB channel registers to change an
output compare value could cause incorrect operation for up to two
counter overflow periods. For example, writing a new value before the
counter reaches the old value but after the counter reaches the new
value prevents any compare during that counter overflow period. Also,
using a TIMB overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIMB may
pass the new value before it is written.

Use these methods to synchronize unbuffered changes in the output
compare value on channel x:

« When changing to a smaller value, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current output compare pulse. The interrupt routine has until
the end of the counter overflow period to write the new value.

* When changing to a larger output compare value, enable TIMB
overflow interrupts and write the new value in the TIMB overflow
interrupt routine. The TIMB overflow interrupt occurs at the end of
the current counter overflow period. Writing a larger value in an
output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same counter
overflow period.
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12.4.3.2 Buffered Output Compare

NOTE:

Channels 0 and 1 can be linked to form a buffered output compare
channel whose output appears on the PTB5/TCHOB pin. The TIMB
channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIMB channel O status and control register
(TBSCO) links channel 0 and channel 1. The output compare value in the
TIMB channel 0O registers initially controls the output on the
PTB5/TCHOB pin. Writing to the TIMB channel 1 registers enables the
TIMB channel 1 registers to synchronously control the output after the
TIMB overflows. At each subsequent overflow, the TIMB channel
registers (0 or 1) that control the output are the ones written to last. TSCO
controls and monitors the buffered output compare function, and TIMB
channel 1 status and control register (TBSC1) is unused. While the
MSOB bit is set, the channel 1 pin, PTB6/TCH1B, is available as a
general-purpose input/output (1/0O) pin.

In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should
track the currently active channel to prevent writing a new value to the
active channel. Writing to the active channel registers is the same as
generating unbuffered output compares.

12.4.4 Pulse-Width Modulation (PWM)

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

As Figure 12-3 shows, the output compare value in the TIMB channel
registers determines the pulse width of the PWM signal. The time
between overflow and output compare is the pulse width. Program the
TIMB to clear the channel pin on output compare if the state of the PWM
pulse is logic 1. Program the TIMB to set the pin if the state of the PWM
pulse is logic O.
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Figure 12-3. PWM Period and Pulse Width

The value in the TIMB counter modulo registers and the selected
prescaler output determines the frequency of the PWM output. The
frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$00FF (255) to the TIMB counter modulo registers produces a PWM
period of 256 times the internal bus clock period if the prescaler select
value is $000 (see 12.10.1 TIMB Status and Control Register).

The value in the TIMB channel registers determines the pulse width of
the PWM output. The pulse width of an 8-bit PWM signal is variable in
256 increments. Writing $0080 (128) to the TIMB channel registers
produces a duty cycle of 128/256 or 50 percent.

12.4.4.1 Unbuffered PWM Signal Generation

Technical Data

Any output compare channel can generate unbuffered PWM pulses as
described in 12.4.4 Pulse-Width Modulation (PWM). The pulses are
unbuffered because changing the pulse width requires writing the new
pulse width value over the value currently in the TIMB channel registers.

An unsynchronized write to the TIMB channel registers to change a
pulse width value could cause incorrect operation for up to two PWM
periods. For example, writing a new value before the counter reaches
the old value but after the counter reaches the new value prevents any
compare during that PWM period. Also, using a TIMB overflow interrupt
routine to write a new, smaller pulse width value may cause the compare
to be missed. The TIMB may pass the new value before it is written to
the TIMB channel registers.
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Use these methods to synchronize unbuffered changes in the PWM
pulse width on channel x:

« When changing to a shorter pulse width, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the
PWM period to write the new value.

* When changing to a longer pulse width, enable TIMB overflow
interrupts and write the new value in the TIMB overflow interrupt
routine. The TIMB overflow interrupt occurs at the end of the
current PWM period. Writing a larger value in an output compare
interrupt routine (at the end of the current pulse) could cause two
output compares to occur in the same PWM period.

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable
0 percent duty cycle generation and removes the ability of the channel
to self-correct in the event of software error or noise. Toggling on output
compare also can cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

12.4.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose
output appears on the PTB5/TCHOB pin. The TIMB channel registers of
the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIMB channel 0 status and control register
(TBSCDO) links channel 0 and channel 1. The TIMB channel O registers
initially control the pulse width on the PTB5/TCHOB pin. Writing to the
TIMB channel 1 registers enables the TIMB channel 1 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMB channel registers (0 or
1) that control the pulse width are the ones written to last. TBSCO
controls and monitors the buffered PWM function, and TIMB channel 1
status and control register (TBSC1) is unused. While the MSOB bit is set,
the channel 1 pin, PTB6/TCH1B, is available as a general-purpose 1/0

pin.
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NOTE: Inbuffered PWM signal generation, do not write new pulse width values
to the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as
generating unbuffered PWM signals.

12.4.4.3 PWM Initialization

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

1. Inthe TIMB status and control register (TBSC):

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

b. Reset the TIMB counter and prescaler by setting the TIMB
reset bit, TRST.

2. Inthe TIMB counter modulo registers (TBMODH-TBMODL), write
the value for the required PWM period.

3. Inthe TIMB channel x registers (TBCHxH-TBCHXxL), write the
value for the required pulse width.

4. In TIMB channel x status and control register (TBSCXx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or
1:0 (for buffered output compare or PWM signals) to the mode
select bits, MSxB—MSxA. See Table 12-2.

b. Write 1 to the toggle-on-overflow bit, TOVX.

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on
compare) to the edge/level select bits, ELSXB—ELSxA. The
output action on compare must force the output to the
complement of the pulse width level. See Table 12-2.

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable
0 percent duty cycle generation and removes the ability of the channel
to self-correct in the event of software error or noise. Toggling on output
compare can also cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

5. Inthe TIMB status control register (TBSC), clear the TIMB stop bit,
TSTOP.
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Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIMB channel O registers (TBCHOH-TBCHOL)
initially control the buffered PWM output. TIMB status control register O
(TBSCO) controls and monitors the PWM signal from the linked
channels. MSOB takes priority over MSOA.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on
TIMB overflows. Subsequent output compares try to force the output to
a state it is already in and have no effect. The result is a 0 percent duty
cycle output.

Setting the channel x maximum duty cycle bit (CHXMAX) and setting the
TOVX bit generates a 100 percent duty cycle output. See 12.10.4 TIMB
Channel Status and Control Registers.

12.5 Interrupts

These TIMB sources can generate interrupt requests:

» TIMB overflow flag (TOF) — The TOF bit is set when the TIMB
counter reaches the modulo value programmed in the TIMB
counter modulo registers. The TIMB overflow interrupt enable bit,
TOIE, enables TIMB overflow CPU interrupt requests. TOF and
TOIE are in the TIMB status and control register.

* TIMB channel flags (CH1F—CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. Channel x
TIMB CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHXIE.

12.6 Wait Mode

The WAIT instruction puts the MCU in low-power standby mode.

The TIMB remains active after the execution of a WAIT instruction. In
wait mode, the TIMB registers are not accessible by the CPU. Any
enabled CPU interrupt request from the TIMB can bring the MCU out of
wait mode.
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If TIMB functions are not required during wait mode, reduce power
consumption by stopping the TIMB before executing the WAIT
instruction.

12.7 Stop Mode

TIMB is inactive after execution of a STOP instruction. The STOP
instruction does not affect register conditions or the state of the TIMB
counter.

TIMB operation resumes when the MCU exits stop mode after an
external interrupt.

12.8 TIMB During Break Interrupts

A break interrupt stops the TIMB counter and inhibits input captures.

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state. See 7.7.5 SIM Break Flag Control
Register.

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

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
status bits have a 2-step read/write clearing procedure. If software does
the first step on such a bit before the break, the bit cannot change during
the break state as long as BCFE is at logic 0. After the break, doing the
second step clears the status bit.
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12.9 TIMB Channel I/O Pins (PTB5/TCHOB-PTB6/TCH1B)

Port B shares two of its pins with the TIMB. The two TIMB channel I/O
pins are PTB5/TCHOB and PTB6/TCH1B.

Each channel I/O pin is programmable independently as an input
capture pin or an output compare pin. PTB5/TCHOB and PTB6/TCH1B
can be configured as buffered output compare or buffered PWM pins.

12.10 1/O Registers

These 1/0O registers control and monitor TIMB operation:

TIMB status and control register (TBSC)

TIMB control registers (TBCNTH-TBCNTL)

TIMB counter modulo registers (TBMODH-TBMODL)

TIMB channel status and control registers (TBSCO and TBSC1)

TIMB channel registers (TBCHOH-TBCHOL and
TBCH1H-TBCHI1L)

12.10.1 TIMB Status and Control Register

The TIMB status and control register:

MC68HC908MR8 — Rev 4.0

Enables TIMB overflow interrupts
Flags TIMB overflows

Stops the TIMB counter

Resets the TIMB counter

Prescales the TIMB counter clock
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Technical Data

NOTE:

Address $0051

Bit 7 6 5 4 3 2 1 Bit 0
Read:| TOF 0 0
TOIE | TSTOP pPS2 PS1 PSO
Write: 0 TRST R
Reset: 0 0 1 0 0 0 0 0
R = Reserved

Figure 12-4. TIMB Status and Control Register (TBSC)

TOF — TIMB Overflow Flag Bit

This read/write flag is set when the TIMB counter reaches the modulo
value programmed in the TIMB counter modulo registers. Clear TOF
by reading the TIMB status and control register when TOF is set and
then writing a logic 0 to TOF. If another TIMB overflow occurs before
the clearing sequence is complete, then writing logic 0 to TOF has no
effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic
1 to TOF has no effect.

1 = TIMB counter has reached modulo value.

0 = TIMB counter has not reached modulo value.

TOIE — TIMB Overflow Interrupt Enable Bit

This read/write bit enables TIMB overflow interrupts when the TOF bit
becomes set. Reset clears the TOIE bit.

1 = TIMB overflow interrupts enabled

0 = TIMB overflow interrupts disabled

TSTOP — TIMB Stop Bit

This read/write bit stops the TIMB counter. Counting resumes when
TSTOP is cleared. Reset sets the TSTOP bit, stopping the TIMB
counter until software clears the TSTOP bit.

1 = TIMB counter stopped

0 = TIMB counter active

Do not set the TSTOP bit before entering wait mode if the TIMB is
required to exit wait mode. Also, when the TSTOP bit is set and the timer
is configured for input capture operation, input captures are inhibited
until TSTOP is cleared.
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TRST — TIMB Reset Bit

Setting this write-only bit resets the TIMB counter and the TIMB
prescaler. Setting TRST has no effect on any other registers.
Counting resumes from $0000. TRST is cleared automatically after
the TIMB counter is reset and always reads as logic 0. Reset clears

the TRST bit.
1 = Prescaler and TIMB counter cleared
0 = No effect

NOTE: Setting the TSTOP and TRST bits simultaneously stops the TIMB
counter at a value of $0000.

PS[2:0] — Prescaler Select Bits

These read/write bits select one of the seven prescaler outputs as the
input to the TIMB counter as Table 12-1 shows. Reset clears the

PS[2:0] bits.
Table 12-1. Prescaler Selection
PS[2:0] TIMB Clock Source
000 Internal Bus Clock + 1
001 Internal Bus Clock + 2
010 Internal Bus Clock + 4
011 Internal Bus Clock + 8
100 Internal Bus Clock + 16
101 Internal Bus Clock + 32
110 Internal Bus Clock + 64
111 Invalid: do not use this value
MC68HC908MR8 — Rev 4.0 Technical Data
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12.10.2 TIMB Counter Registers

The two read-only TIMB counter registers contain the high and low bytes
of the value in the TIMB counter. Reading the high byte (TBCNTH)
latches the contents of the low byte (TBCNTL) into a buffer. Subsequent
reads of TBCNTH do not affect the latched TBCNTL value until TBCNTL
is read. Reset clears the TIMB counter registers. Setting the TIMB reset
bit (TRST) also clears the TIMB counter registers.

NOTE: If TBCNTH is read during a break interrupt, be sure to unlatch TBCNTL
by reading TBCNTL before exiting the break interrupt. Otherwise,
TBCNTL retains the value latched during the break.

Register Name and Ad- TBCNTH — $0052
dress:

Bit 7 6 5 4 3 2 1 Bit 0

Read:| Bit 15 Bit 14 | Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
Register Name and Ad- TBCNTL — $0053
dress:
Bit 7 6 5 4 3 2 1 Bit 0

Read:| Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 12-5. TIMB Counter Registers (TBCNTH and TBCNTL)
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12.10.3 TIMB Counter Modulo Registers

The read/write TIMB modulo registers contain the modulo value for the
TIMB counter. When the TIMB counter reaches the modulo value, the
overflow flag (TOF) becomes set, and the TIMB counter resumes
counting from $0000 at the next timer clock. Writing to the high byte
(TMODH) inhibits the TOF bit and overflow interrupts until the low byte
(TMODL) is written. Reset sets the TIMB counter modulo registers.

Register Name and Ad- TBMODH — $0054
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: 1 1 1 1 1 1 1 1
Register Name and Ad- TBMODL — $0055
dress:
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 12-6. TIMB Counter Modulo Registers (TMODH and TMODL)

NOTE: Resetthe TIMB counter before writing to the TIMB counter modulo
registers.
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12.10.4 TIMB Channel Status and Control Registers

Technical Data

Each of the TIMB channel status and control registers:
e Flags input captures and output compares
« Enables input capture and output compare interrupts
e Selects input capture, output compare, or PWM operation
» Selects high, low, or toggling output on output compare

« Selects rising edge, falling edge, or any edge as the active input
capture trigger

e Selects output toggling on TIMB overflow
» Selects 0% and 100%