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Addr.

$0018

$0019

$001A

$001B

$001C

$001D

$001E

$001F

Register Name

ESCI Data Register
(SCDR)
See page 212.

ESCI Baud Rate Register
(SCBR)
See page 212.

Keyboard Status and Control

Register (INTKBSCR)
See page 120.

Keyboard Interrupt Enable
Register (INTKBIER)
See page 121.

Timebase Module Control
Register (TBCR)
See page 262.

IRQ Status and Control
Register (INTSCR)
See page 114.

Configuration Register 2
(CONFIG2)™"
See page 92.

Configuration Register 1
(CONFIG1)™
See page 93.

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

Input/Output (I/0) Section

Bit 7 6 5 4 3 2 1 Bit 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 T0
Unaffected by reset
LINT LINR SCP1 SCPO R SCR2 SCR1 SCRO
0 0 0 0 0 0 0 0
0 0 0 0 KEYF 0
IMASKK | MODEK
ACKK
0 0 0 0 0 0 0 0
KBIE7 KBIE6 KBIES KBIE4 KBIE3 KBIE2 KBIE KBIEO
0 0 0 0 0 0 0 0
TBIF 0
TBR2 TBR1 TBRO TBIE TBON R
TACK
0 0 0 0 0 0 0 0
0 0 0 0 IRQF 0
IMASK | MODE
ACK
0 0 0 0 0 0 0 0
0 MSCAN- | TMBCLK- | OSCENIN-
MCLKSEL | MCLK1 | MCLKO en(d SEL sTop | SCIBDSRC
0 0 0 0 0 0 0 1
COPRS | LVISTOP | LVIRSTD | LVIPWRD |LVISOR3("| SSREC | STOP COPD
0 0 0 0 0 0 0 0

1. One-time writable register after each reset, except MSCANEN and LVI5OR3 bits. MSCANEN andLVI50RS bits are only
reset via POR (power-on reset).

$0020

$0021

$0022

$0023

TIM1 Status and Control
Register (T1SC)
See page 271.

TIM1 Counter
Register High (TICNTH)
See page 273.

TIM1 Counter
Register Low (T1CNTL)
See page 273.

TIM1 Counter Modulo
Register High (TTIMODH)
See page 273.

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

TOF 0 0
TOIE TSTOP PS2 PS1 PS0
0 TRST
0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 Bit 8
0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
I:I = Unimplemented R = Reserved U = Unaffected
Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 9)
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FLASH-1 Memory (FLASH-1)

Algorithm for programming
a row (64 bytes) of FLASH memory SET PGMBIT

Y

2 READ THE FLASH BLOCK
PROTECT REGISTER

v

3 WRITE ANY DATA TO ANY FLASH
ADDRESS WITHIN THE ROW
ADDRESS RANGE DESIRED

Y

4 WAIT FOR A TIME, tyys

Y

SET HVEN BIT

Y

6 WAIT FOR A TIME, tpgs

Y

WRITE DATA TO THE FLASH
ADDRESS TO BE PROGRAMMED

Y

8 WAIT FOR A TIME, tprog

COMPLETED
PROGRAMMING
THIS ROW?

YES

A

Y
10 CLEAR PGM BIT

Y

WAIT FOR A TIME, tyyy

Y

NOTES: 12 CLEAR HVEN BIT
The time between each FLASH address change (step 7 to step 7) or
the time between the last FLASH address programmed to clearing +
PGM bit (step 7 to step10) must not exceed the maximum 13 WAIT FOR A TIME, tcy

programming time, tprog, Maximum.

Y

END OF PROGRAMMING >

This row program algorithm assumes the row/s to be
programmed are initially erased. (

Figure 2-6. FLASH-1 Programming Algorithm Flowchart
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Chapter 3
Analog-to-Digital Converter (ADC)

3.1 Introduction

This section describes the 10-bit analog-to-digital converter (ADC).

3.2 Features

Features of the ADC module include:
e 24 channels with multiplexed input
* Linear successive approximation with monotonicity
* 10-bit resolution
* Single or continuous conversion
* Conversion complete flag or conversion complete interrupt
e Selectable ADC clock
e Left orright justified result
* Left justified sign data mode

3.3 Functional Description

The ADC provides 24 pins for sampling external sources at pins PTG7/AD23-PTGO0/AD16,
PTA7/KBD7/AD15-PTA0/KBD0/AD8, and PTB7/AD7-PTB0/ADO. An analog multiplexer allows the
single ADC converter to select one of 24 ADC channels as ADC voltage in (Vapin)- Vapin iS converted by
the successive approximation register-based analog-to-digital converter. When the conversion is
completed, ADC places the result in the ADC data register and sets a flag or generates an interrupt. See
Figure 3-2.

3.3.1 ADC Port I/O Pins

PTG7/AD23-PTG0/AD16, PTA7/KBD7/AD15-PTA0/KBD0/ADS, and PTB7/AD7—-PTBO0/ADO are
general-purpose I/O (input/output) pins that share with the ADC channels. The channel select bits define
which ADC channel/port pin will be used as the input signal. The ADC overrides the port I/O logic by
forcing that pin as input to the ADC. The remaining ADC channels/port pins are controlled by the port I/O
logic and can be used as general-purpose 1/0. Writes to the port register or data direction register (DDR)
will not have any affect on the port pin that is selected by the ADC. A read of a port pin in use by the ADC
will return a 0.
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CGM Registers

MUL7-MULO — Multiplier Select Bits
These read/write bits control the low byte of the modulo feedback divider that selects the VCO
frequency multiplier, N. (See 4.3.3 PLL Circuits and 4.3.6 Programming the PLL.) MUL7—MULO cannot
be written when the PLLON bit in the PCTL is set. A value of $0000 in the multiplier select registers
configures the modulo feedback divider the same as a value of $0001. Reset initializes the register to
$40 for a default multiply value of 64.

NOTE
The multiplier select bits have built-in protection such that they cannot be
written when the PLL is on (PLLON = 1).

4.5.5 PLL VCO Range Select Register

The PLL VCO range select register (PMRS) contains the programming information required for the
hardware configuration of the VCO.

Address:  $003A

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wi VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRSO0
rite:
Reset: 0 1 0 0 0 0 0 0

Figure 4-8. PLL VCO Range Select Register (PMRS)

NOTE
Verify that the value of the PMRS register is appropriate for the given
reference and VCO clock frequencies before enabling the PLL. See 4.3.6
Programming the PLL for detailed instructions on selecting the proper value
for these control bits.

VRS7-VRS0 — VCO Range Select Bits
These read/write bits control the hardware center-of-range linear multiplier L which, in conjunction with
E (See 4.3.3 PLL Circuits, 4.3.6 Programming the PLL, and 4.5.1 PLL Control Register.), controls the
hardware center-of-range frequency, fyrs. VRS7-VRSO0 cannot be written when the PLLON bit in the
PCTL is set. (See 4.3.7 Special Programming Exceptions.) A value of $00 in the VCO range select
register disables the PLL and clears the BCS bit in the PLL control register (PCTL). (See 4.3.8 Base
Clock Selector Circuit and 4.3.7 Special Programming Exceptions.). Reset initializes the register to $40
for a default range multiply value of 64.

NOTE
The VCO range select bits have built-in protection such that they cannot be
written when the PLL is on (PLLON = 1) and such that the VCO clock
cannot be selected as the source of the base clock (BCS = 1) if the VCO
range select bits are all clear.
The PLL VCO range select register must be programmed correctly.
Incorrect programming can result in failure of the PLL to achieve lock.
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Chapter 5
Configuration Register (CONFIG)

5.1 Introduction

This section describes the configuration registers, CONFIG1 and CONFIG2. The configuration registers
enable or disable these options:

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

COP timeout period (262,128 or 8176 CGMXCLK cycles)

STOP instruction

Computer operating properly module (COP)

Low-voltage inhibit (LVI) module control and voltage trip point selection

Enable/disable the oscillator (OSC) during stop mode

Enable/disable an extra divide by 128 prescaler in timebase module

Enable for scalable controller area network (MSCAN)

Selectable clockout (MCLK) feature with divide by 1, 2, and 4 of the bus or crystal frequency
Timebase clock select

5.2 Functional Description

The configuration registers are used in the initialization of various options. The configuration registers can
be written once after each reset. All of the configuration register bits are cleared during reset. Since the
various options affect the operation of the microcontroller unit (MCU), it is recommended that these
registers be written immediately after reset. The configuration registers are located at $001E and $001F
and may be read at anytime.

NOTE
On a FLASH device, the options except MSCANEN and LVI50OR3 are
one-time writable by the user after each reset. These bits are one-time
writable by the user only after each POR (power-on reset). The CONFIG
registers are not in the FLASH memory but are special registers containing
one-time writable latches after each reset. Upon a reset, the CONFIG
registers default to predetermined settings as shown in Figure 5-1 and
Figure 5-2.
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Configuration Register (CONFIG)

LVI5SOR3 — LVI 5-V or 3-V Operating Mode Bit
LVI50OR3 selects the voltage operating mode of the LVI module (see Chapter 11 Low-Voltage Inhibit
(LVI)). The voltage mode selected for the LVI should match the operating Vpp (see Chapter 21
Electrical Specifications) for the LVI’s voltage trip points for each of the modes.
1 = LVI operates in 5-V mode
0 = LVI operates in 3-V mode

NOTE

The LVI50RS3 bit is cleared by a power-on reset (POR) only. Other resets
will leave this bit unaffected.

SSREC — Short Stop Recovery Bit

SSREC enables the CPU to exit stop mode with a delay of 32 CGMXCLK cycles instead of a
4096-CGMXCLK cycle delay.

1 = Stop mode recovery after 32 CGMXCLK cycles
0 = Stop mode recovery after 4096 CGMXCLK cycles

NOTE
Exiting stop mode by any reset will result in the long stop recovery.

The short stop recovery delay can be enabled when using a crystal or resonator and the
OSCENINSTORP bit is set. The short stop recovery delay can be enabled when an external oscillator
is used, regardless of the OSCENINSTOP setting.

The short stop recovery delay must be disabled when the OSCENINSTOP bit is clear and a crystal or
resonator is used.

STOP — STOP Instruction Enable Bit
STOP enables the STOP instruction.
1 = STOP instruction enabled
0 = STOP instruction treated as illegal opcode

COPD — COP Disable Bit

COPD disables the COP module. See Chapter 6 Computer Operating Properly (COP) Module.
1 = COP module disabled
0 = COP module enabled

MC68HC908GZ60 » MC68HC908GZ48 « MC68HC908GZ32 Data Sheet, Rev. 6

94 Freescale Semiconductor



CPU Registers

7.3.3 Stack Pointer

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

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

Bit Bit

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

Read:
Write:
Reset: 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

Figure 7-4. Stack Pointer (SP)

NOTE
The location of the stack is arbitrary and may be relocated anywhere in
random-access memory (RAM). Moving the SP out of page 0 ($0000 to
$00FF) frees direct address (page 0) space. For correct operation, the
stack pointer must point only to RAM locations.

7.3.4 Program Counter

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

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

During reset, the program counter is loaded with the reset vector address located at $FFFE and $SFFFF.
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:
Reset: Loaded with vector from $FFFE and $FFFF

Figure 7-5. Program Counter (PC)
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Central Processor Unit (CPU)

7.7 Instruction Set Summary

Table 7-1 provides a summary of the M68HCO08 instruction set.

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

Effect @ o T m
°
S,?c‘,‘r';e Operation Description on CCR g g S g %
T O o o >
HTINjZ|C <= o O |O
ADC #opr IMM A9 i 2
ADC opr DIR B9 |dd 3
ADC opr EXT C9 |hhil |4
ADC opr,X : IX2 D9 ff |4
ADG gzﬁx Add with Carry A« (A) + (M) + (C) AR EARA R s Es % |3
ADC X IX F9 2
ADC opr,SP SP1 9EE9 |ff 4
ADC opr,SP SP2 9ED9 |eeff | 5
ADD #opr IMM AB |ii 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) T-(t]t]|2 X1 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=|-{IMM A7 i 2
AIX #opr Add Immediate Value (Signed) to H:X H:X « (H:X) + (16 « M) === (-|IMM AF i 2
AND #opr IMM A4 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) == - IxT Ea |if 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
Gl [T T[] 1= -|-
ASL oprX (Same as LSL) [ITTTTTT =0 I ixq 68 |ff 4
ASL X b7 bo IX 78 3
ASL opr,SP SP1 9E68 | ff 5
ASR opr DIR 37 |dd 4
ASRA —_— INH 47 1
ASRX thmetic Shif Ri S RRRRRRY INH | 57 1
ASR oprX Arithmetic Shift Right 1= &7 i 4
ASR opr, X b7 b0 IX 77 3
ASR opr,SP SP1 9E67 |ff 5
BCC rel Branch if Carry Bit Clear PC« (PC)+2+rel?(C)=0 -|-|-|-|-|REL 24 |rr 3
DIR (b0)| 11 |(dd 4
DIR (b1)| 13 |dd 4
DIR (b2)| 15 |dd 4
- DIR (b3)| 17 |dd 4
BCLR n, opr Clear Bitnin M Mn « 0 =171~ |~ |DIR (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 —-|-]-|-|-|REL 27 |rmr 3
Branch if Greater Than or Equal To _ N .
BGE opr (Signed Operands) PC« (PC)+2+rel?(NDV)=0 REL 90 (rr 3
Branch if Greater Than (Signed
BGT opr e (Sig PC« (PC)+2+rel? @) I (N® V)=0|—|-|-|-|-|-|REL 92 |r |3
BHCC rel Branch if Half Carry Bit Clear PC« (PC)+2+rel? (H) =0 -|-|-|-|-|REL 28 |rr 3
BHCS rel Branch if Half Carry Bit Set PC« (PC)+2+rel? (H)=1 -|-|-|-|-|REL 29 |rr 3
BHI rel Branch if Higher PC« (PC)+2+rel?(C)1(2)=0 -|-|-|-|-|REL 22 |rr 3
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Central Processor Unit (CPU)

Table 7-1. Instruction Set Summary (Sheet 5 of 6)

Effect @ o T B
°
Sg:rr:le Operation Description on CCR g g S g S
T O o o >
HI1IN/Z <= (®) O |O
PULA Pull A from Stack SP « (SP + 1); Pull (A) —--1-1- INH 86 2
PULH Pull H from Stack SP « (SP + 1); Pull (H) —|=1T=1-1=|INH 8A 2
PULX Pull X from Stack SP « (SP + 1); Pull (X) —--1-1- INH 88 2
ROL opr DIR 39 |(dd 4
ROLA INH 49 1
ROLX <~ [TTITI T~ INH | 59 1
ROL oprX Rotate Left through Carry -t X a0 | 4
ROL ,X b7 b0 IX 79 3
ROL opr,SP SP1 9E69 | ff 5
ROR opr DIR 36 |dd 4
RORA .J INH 46 1
RORX | e EEEEEREE INH | 56 1
ROR opr,X Rotate Right through Carry --11|? X1 66 |ff 4
ROR ,X b7 bo IX 76 3
ROR opr,SP SP1 9E66 | ff 5
RSP Reset Stack Pointer SP « $FF === INH 9C 1
SP « (SP) + 1; Pull (CCR)
SP « (SP) + 1; Pull (A)
RTI Return from Interrupt SP « (SP) + 1; Pull (X) Tttt INH 80 7
SP « (SP) + 1; Pull (PCH)
SP « (SP) + 1; Pull (PCL)
RTS Return from Subroutine g'; : g'; M 1 }I;Ldllll ((';%T; —|=1=|=|=|INH 81 4
SBC #opr IMM A2 Jii 2
SBC opr DIR B2 |dd 3
SBC opr EXT C2 |hhil | 4
8 gg;))é Subtract with Carry A< (A) = (M) = (C) Sl |2 Dz |eeft |4
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- INH 929 1
SEI Set Interrupt Mask |« 1 —|1|-|- 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) —|—-{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:X in M (M:M + 1) « (H:X) —|-lt]t][-|DIR 35 |dd 4
Enable Interrupts, Stop Processing, . . _ R
STOP Refer to MCU Documentation | < 0; Stop Processing 0 INH 8E 1
STX opr DIR BF |dd 3
STX opr EXT CF |hhil | 4
STX opr,X IX2 DF |eeff | 4
STX oprX Store X in M M « (X) —|=lt]s]|-|Ix1 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 i 2
SUB opr DIR BO |dd 3
SUB opr EXT CO (hhil |4
SUB opr,X IX2 DO |eeff | 4
SUB oprX Subtract A« (A) - (M) -=11|? X1 E0 |ff 3
SUB X IX FO 2
SUB opr,SP SP1 9EEO | ff 4
SUB opr,SP SP2 9EDO |eeff | 5
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External Interrupt (IRQ)

A~ RESET ‘l—Y\
| ACK I
. TO CPU FOR
o f— 15 J{/ - S s
@ DECODER
§ Vbp
<<
-
2 INTERNAL v,
= PULLUP >y I IRQF
i DEVICE o=
=
Z D" "a
[ RQ
SYNCHRONIZER
R o>+ aliDE
N —
IMASK ’o

HIGH TO MODE
»| VOLTAGE » SELECT
DETECT LOGIC

Figure 8-1. IRQ Module Block Diagram

When an interrupt pin is both falling-edge and low-level triggered (MODE = 1), the interrupt remains set
until both of these events occur:

* Vector fetch or software clear
* Return of the interrupt pin to a high level
The vector fetch or software clear may occur before or after the interrupt pin returns to a high level. As

long as the pin is low, the interrupt request remains pending. A reset will clear the latch and the MODE
control bit, thereby clearing the interrupt even if the pin stays low.

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

NOTE
The interrupt mask (1) in the condition code register (CCR) masks all
interrupt requests, including external interrupt requests.

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
|RQ Status and Control Read: 0 0 0 0 lRQF 0 IMASK MODE
$001D Register (INTSCR)  Write: ACK
Seepage 114. poget ¢ 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 8-2. IRQ I/O Register Summary
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Low-Power Modes

An interrupt signal on an edge-triggered pin can be acknowledged immediately after enabling the pin. An
interrupt signal on an edge- and level-triggered interrupt pin must be acknowledged after a delay that
depends on the external load.

Another way to avoid a false interrupt:

1. Configure the keyboard pins as outputs by setting the appropriate DDRA bits in data direction
register A.

2. Write 1s (or 0s) to the appropriate port A data register bits.

3. Enable the KBI pins and polarity by setting the appropriate KBIEXx bits in the keyboard interrupt
enable register and the KBIPx bits in the keyboard interrupt polarity register.

9.5 Low-Power Modes

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

9.5.1 Wait Mode

The keyboard module remains active in wait mode. Clearing the IMASKK bit in the keyboard status and
control register enables keyboard interrupt requests to bring the MCU out of wait mode.

9.5.2 Stop Mode

The keyboard module remains active in stop mode. Clearing the IMASKK bit in the keyboard status and
control register enables keyboard interrupt requests to bring the MCU out of stop mode.

9.6 Keyboard Module During Break Interrupts

The system integration module (SIM) controls whether the keyboard interrupt latch can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state.

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

To protect the latch during the break state, write a 0 to the BCFE bit. With BCFE at O (its default state),
writing to the keyboard acknowledge bit (ACKK) in the keyboard status and control register during the
break state has no effect. See 9.7.1 Keyboard Status and Control Register.

9.7 1/0 Registers

These registers control and monitor operation of the keyboard module:
* Keyboard status and control register INTKBSCR)
* Keyboard interrupt enable register (INTKBIER)
e Keyboard interrupt polarity register (INTKBIPR)
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MSCANO08 Controller (MSCANO08)

12.11 Memory Map

The MSCANO8 occupies 128 bytes in the CPU08 memory space. The absolute mapping is

implementation dependent with the base address being a multiple of 128.

150

$0500
$0508
$0509
$050D
$050E
$050F
$0510
$0517
$0518
$053F
$0540
$054F
$0550
$055F
$0560
$056F
$0570
$057F

CONTROL REGISTERS
9BYTES

RESERVED
5BYTES

ERROR COUNTERS
2BYTES

IDENTIFIER FILTER
8 BYTES

RESERVED
40 BYTES

RECEIVE BUFFER

TRANSMIT BUFFER 0

TRANSMIT BUFFER 1

TRANSMIT BUFFER 2

Figure 12-10. MSCANO08 Memory Map
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Input/Output (I/0) Ports

Table 13-1. Port Control Register Bits Summary (Continued)

Port | Bit DDR Module Control Module Control Pin

0 | DDRDO PTD0/SS/MCLK
1 DDRD1 PTD1/MISO
2 | DDRD2 SPl SPE PTD2/MOSI
3 | DDRDS3 PTD3/SPSCK

b 4 | DDRD4 ELSOB:ELSOA o PTD4/T1CHO
5 | DDRD5 TiM1 ELS1B:ELS1A PTD5/T1CH1
6 | DDRD6 ELSOB:ELSOA PTD6/T2CHO
7 | DDRD7 TiM2 ELS1B:ELS1A PTD7/T2CH1
0 | DDREO PTEO/TxD
1 DDREH1 scl ENSCI PTE1/RxD
2 | DDRE2 PTE2

® 5 [ oores o PTE3
4 | DDRE4 PTE4
5 | DDRE5 PTE5
0 | DDRFO PTFO
1 DDRF1 PTFA1
2 DDRF2 PTF2
3 | DDRF3 PTF3

F 4 | DDRF4 ELS2B:ELS2A o PTF4/T2CH2
5 DDRF5 ELS3B:ELS3A PTF5/T2CH3
6 DDRF6 TIM2 ELS4B:ELS4A PTF6/T2CH4
7 | DDRF7 ELS5B:ELS5A PTF7/T2CH5
0 | DDRGO PTGO0/AD16
1 DDRGH1 PTG1/AD17
2 | DDRG2 PTG2/AD18

a 3 | DDRG3 ADC ADCH[23:16] . PTGS3/AD19
4 | DDRG4 PTG4/AD20
5 | DDRG5 PTG5/AD21
6 | DDRG®6 PTG6/AD22
7 | DDRG7 PTG7/AD23
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Enhanced Serial Communications Interface (ESCI) Module

14.8.2 ESCI Control Register 2

ESCI control register 2 (SCC2):

e Enables these CPU interrupt requests:
— SCTE bit to generate transmitter CPU interrupt requests
— TC bit to generate transmitter CPU interrupt requests
— SCREF bit to generate receiver CPU interrupt requests
— IDLE bit to generate receiver CPU interrupt requests

e Enables the transmitter

* Enables the receiver

* Enables ESCI wakeup

e Transmits ESCI break characters

Address: $0014

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. SCTIE TCIE SCRIE ILIE TE RE RWU SBK
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 14-11. ESCI Control Register 2 (SCC2)

SCTIE — ESCI Transmit Interrupt Enable Bit
This read/write bit enables the SCTE bit to generate ESCI transmitter CPU interrupt requests. Setting
the SCTIE bit in SCC2 enables the SCTE bit to generate CPU interrupt requests. Reset clears the
SCTIE bit.
1 = SCTE enabled to generate CPU interrupt
0 = SCTE not enabled to generate CPU interrupt

TCIE — Transmission Complete Interrupt Enable Bit
This read/write bit enables the TC bit to generate ESCI transmitter CPU interrupt requests. Reset
clears the TCIE bit.
1 = TC enabled to generate CPU interrupt requests
0 = TC not enabled to generate CPU interrupt requests

SCRIE — ESCI Receive Interrupt Enable Bit
This read/write bit enables the SCRF bit to generate ESCI receiver CPU interrupt requests. Setting the
SCRIE bit in SCC2 enables the SCRF bit to generate CPU interrupt requests. Reset clears the
SCRIE bit.

1 = SCRF enabled to generate CPU interrupt
0 = SCRF not enabled to generate CPU interrupt

ILIE — Idle Line Interrupt Enable Bit
This read/write bit enables the IDLE bit to generate ESCI receiver CPU interrupt requests. Reset clears
the ILIE bit.
1 = IDLE enabled to generate CPU interrupt requests
0 = IDLE not enabled to generate CPU interrupt requests
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System Integration Module (SIM)

15.2 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 15-3. This clock
originates from either an external oscillator or from the on-chip PLL.

0SC2 |= OSCILLATOR (OSC)

CGMXCLK
0SC1

/

> TO TBM,TIM1,TIM2, ADC, MSCAN

\d
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SIM

SIMOSCEN
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OSCENINSTOP
FROM

CONFIG CGMRCLK >i SIM COUNTER | 12
¢ |_» TOREST
| ' CGMOUT I OF CHIP

: > ., | | BUScLOocK IT23
PHASE-LOCKED LOOP (PLL) : CENERATORS g

———— > TOMSCAN

Figure 15-3. System Clock Signals

15.2.1 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.

15.2.2 Clock Startup from POR or LVI Reset

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

15.2.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt or reset, the SIM allows CGMXCLK to clock the SIM counter.
The CPU and peripheral clocks do not become active until after the stop delay timeout. This timeout is
selectable as 4096 or 32 CGMXCLK cycles. See 15.6.2 Stop 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.
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Transmission Formats

pin of the master must be high or must be reconfigured as general-purpose 1/O not affecting the SPI. (See
16.6.2 Mode Fault Error.) When CPHA = 1, the master begins driving its MOSI pin on the first SPSCK
edge. Therefore, the slave uses the first SPSCK edge as a start transmission signal. The SS pin can
remain low between transmissions. This format may be preferable in systems having only one master and
only one slave driving the MISO data line.

SPSCK CYCLE #
FOR REFERENCE 1 2 8 4 5 6 7 8

SPSCK; CPOL=0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

FroM MASQS! TIXTIINY vse_)(BiTe J BiTs J BIT4 J BIT3 J B2 J BIT1 J_LSB

crou sMISO (TN wss ) Be Y Bis Y B4 Y B7s Y mme [ Bri 8
|

sroswe ||| L LTI

CAPTURE STROBE f f f f f f f f

Figure 16-7. Transmission Format (CPHA = 1)

When CPHA = 1 for a slave, the first edge of the SPSCK indicates the beginning of the transmission. This
causes the SPI to leave its idle state and begin driving the MISO pin with the MSB of its data. Once the
transmission begins, no new data is allowed into the shift register from the transmit data register.
Therefore, the SPI data register of the slave must be loaded with transmit data before the first edge of
SPSCK. Any data written after the first edge is stored in the transmit data register and transferred to the
shift reqgister after the current transmission.

16.4.4 Transmission Initiation Latency

When the SPI is configured as a master (SPMSTR = 1), writing to the SPDR starts a transmission. CPHA
has no effect on the delay to the start of the transmission, but it does affect the initial state of the SPSCK
signal. When CPHA = 0, the SPSCK signal remains inactive for the first half of the first SPSCK cycle.
When CPHA = 1, the first SPSCK cycle begins with an edge on the SPSCK line from its inactive to its
active level. The SPI clock rate (selected by SPR1:SPRO) affects the delay from the write to SPDR and
the start of the SPI transmission. (See Figure 16-8.) The internal SPI clock in the master is a free-running
derivative of the internal MCU clock. To conserve power, it is enabled only when both the SPE and
SPMSTR bits are set. Since the SPI clock is free-running, it is uncertain where the write to the SPDR
occurs relative to the slower SPSCK. This uncertainty causes the variation in the initiation delay shown
in Figure 16-8. This delay is no longer than a single SPI bit time. That is, the maximum delay is two MCU
bus cycles for DIV2, eight MCU bus cycles for DIV8, 32 MCU bus cycles for DIV32, and 128 MCU bus
cycles for DIV128.
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Timer Interface Module (TIM1)

Addr. Register Name Bit7 6 5 4 3 2 1 Bit0
TIM1 Status and Control Read: TOF TOIE TSTOP 0 0 PS2 PS1 PSO
$0020 Register (T1SC) ~ Write: 0 TRST
Seepage271. pocer 0 1 0 0 0 0 0
TIM1 Gounter Register High  7ead: | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0021 (TACNTH)  Write:
Seepage273. pocet 0 0 0 0 0 0 0 0
TIM Gounter Register Low 72|  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
$0022 (TACNTL)  Write:
Seepage273. pocet 0 0 0 0 0 0 0 0
c ) Read:
TIM1 Counter Modulo Register Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0023 High (TIMODH) ~ Write:
Seepage 273. pocat. 1 1 1 1 1 1 1 1
c ) Read:
TIM1 Counter Modulo Register Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
$0024 Low (TIMODL) ~ Write:
See page 273. .
Reset: 1 1 1 1 1 1 1 1
Read:| CHOF
TIM1 Channel 0 Status and ™ CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO | CHOMAX
$0025 Control Register (T1SC0) ~ Write: 0
Seepage27d. pocet 0 0 0 0 0 0 0 0
c . ) Read:
TIM1 Channel 0 Register High ™| gjt5 | Bit14 | Bit13 | Bit12 | Bit11 Bit 10 Bit9 Bit8
$0026 (TICHOH)  Write:
See page 277. Reset: Indeterminate after reset
TIM1 Channel 0 RegisterLow  1e2% | o - - - : - - :
annel O Register Low Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0027 (TACHOL)  Write:
See page 277. Reset: Indeterminate after reset
Read:| CHiF 0
TIM1 Channel 1 Status and ™ CHIIE MS1A | ELS1B | ELSIA | TOVi | CHIMAX
$0028 Control Register (T1SC1) ~ Write: 0
Seepage27d. pocet 0 0 0 0 0 0 0 0
TIM1 Channel 1 Register High 1220 | & - : - - - - :
annel 1 Register nig Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
$0029 (TACH1H)  Write:
See page 277. Reset: Indeterminate after reset
TIM1 Channel 1 Register Low 1884 | - - - - - - -
Y Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$002A (TACHIL)  Write:
See page 277. Reset: Indeterminate after reset

I:I = Unimplemented

Figure 18-3. TIM1 I/0 Register Summary
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Timer Interface Module (TIM2)

Writing to the TIM2 channel 5 registers enables the TIM2 channel 5 registers to synchronously control the
output after the TIM2 overflows. At each subsequent overflow, the TIM2 channel registers (4 or 5) that
control the output are the ones written to last. T2SC4 controls and monitors the buffered output compare
function, and TIM2 channel 5 status and control register (T2SC5) is unused. While the MS4B bit is set,
the channel 5 pin, T2CH5, is available as a general-purpose 1/O pin.

NOTE
In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should track
the currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as generating
unbuffered output compares.

19.3.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare channel, the TIM2 can generate a PWM
signal. The value in the TIM2 counter modulo registers determines the period of the PWM signal. The
channel pin toggles when the counter reaches the value in the TIM2 counter modulo registers. The time
between overflows is the period of the PWM signal.

As Figure 19-4 shows, the output compare value in the TIM2 channel registers determines the pulse width
of the PWM signal. The time between overflow and output compare is the pulse width. Program the TIM2
to clear the channel pin on output compare if the polarity of the PWM pulse is 1 (ELSxA = 0). Program the
TIM2 to set the pin if the polarity of the PWM pulse is 0 (ELSxA = 1).

OVERFLOW OVERFLOW OVERFLOW
—»a+—— PERIOD > >t
POLARITY = 1
ELsxa=0) TCHx | I I l_
PULSE
~ WDTH
POLARITY =0 J{ y
(ELSxA=1) TCHx
} } }
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 19-4. PWM Period and Pulse Width

The value in the TIM2 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 TIM2 counter modulo registers produces a PWM period of 256 times the internal bus
clock period if the prescaler select value is 000 (see 19.8.1 TIM2 Status and Control Register).

The value in the TIM2 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 TIM2 channel registers
produces a duty cycle of 128/256 or 50%.
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Development Support

CONDITIONS
FROM Table 20-1

DEBUGGING
AND FLASH
PROGRAMMING
(IF FLASH
IS ENABLED)

.

306

POR RESET

PTAO=1,
PTA1 =0, RESET
VECTOR BLANK?

YES

PTAO = 1, PTA1 =0,
PTBO =1, AND
PTB1=0?

YES

A

FORCED
MONITOR MODE

NORMAL
USER MODE

NORMAL
MONITOR MODE

INVALID
USER MODE

YES

HOST SENDS
8 SECURITY BYTES

/

IS RESET
POR?

NO

YES

YES

ARE ALL
SECURITY BYTES
CORRECT?

ENABLE FLASH

MONITOR MODE ENTRY

|4

DISABLE FLASH

|

EXECUTE
MONITOR CODE

Y

DOES RESET
OCCUR?

NO

Figure 20-9. Simplified Monitor Mode Entry Flowchart
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Monitor Module (MON)

20.3.1.1 Normal Monitor Mode

If Vg7 is applied to IRQ and PTB4 is low upon monitor mode entry, the bus frequency is a divide-by-two
of the input clock. If PTB4 is high with Vg7 applied to IRQ upon monitor mode entry, the bus frequency
will be a divide-by-four of the input clock. Holding the PTB4 pin low when entering monitor mode causes
a bypass of a divide-by-two stage at the oscillator only if Vg7 is applied to IRQ. In this event, the
CGMOUT frequency is equal to the CGMXCLK frequency, and the OSC1 input directly generates internal
bus clocks. In this case, the OSC1 signal must have a 50% duty cycle at maximum bus frequency.

When monitor mode was entered with Vg7 on IRQ, the computer operating properly (COP) is disabled
as long as Vygt is applied to either IRQ or RST.

This condition states that as long as Vgt is maintained on the IRQ pin after entering monitor mode, or if
V1g7 is applied to RST after the initial reset to get into monitor mode (when Vg1 was applied to IRQ),
then the COP will be disabled. In the latter situation, after Vg is applied to the RST pin, Vgt can be
removed from the IRQ pin in the interest of freeing the IRQ for normal functionality in monitor mode.

20.3.1.2 Forced Monitor Mode

If entering monitor mode without high voltage on IRQ, then all port B pin requirements and conditions,
including the PTB4 frequency divisor selection, are not in effect. This is to reduce circuit requirements
when performing in-circuit programming.

NOTE
If the reset vector is blank and monitor mode is entered, the chip will see an
additional reset cycle after the initial power-on reset (POR). Once the reset
vector has been programmed, the traditional method of applying a voltage,
Vrst, to IRQ must be used to enter monitor mode.

An external oscillator of 8 MHz is required for a baud rate of 7200, as the internal bus frequency is
automatically set to the external frequency divided by four.

When the forced monitor mode is entered the COP is always disabled regardless of the state of IRQ or
RST.
20.3.1.3 Monitor Vectors

In monitor mode, the MCU uses different vectors for reset, SWI (software interrupt), and break interrupt
than those for user mode. 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.

Table 20-2 summarizes the differences between user mode and monitor mode.

Table 20-2. Mode Differences

Functions
Modes Reset Reset Break Break swi swi
Vector High | Vector Low | Vector High | Vector Low | Vector High | Vector Low
User $FFFE $FFFF $FFFC $FFFD $FFFC $FFFD
Monitor $FEFE $FEFF $FEFC $FEFD $FEFC $FEFD
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