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Figure 2-1. Memory Map
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$%f0 DIRECT PAGE REGISTERS
$003F 64 BYTES
$0$40 RAM
S0ooF 512 BYTES
$%¥0 REGISTERS
Soo4F 16 BYTES
$0i50 UNIMPLEMENTED
$27FF 9648 BYTES
$§?O AUXILIARY ROM
SR 1F 544 BYTES
$2¢20 UNIMPLEMENTED
$2R7D 1374 BYTES
$2E7E AUXILIARY ROM
$oRFF 130 BYTES
$3$00 UNIMPLEMENTED
SBOFF 36,352 BYTES
$BE0O
. FLASH MEMORY
o 16,384 BYTES
$F500 MISCELLANEOUS REGISTERS
SFE1F 32 BYTES
$F520 MONITOR ROM
$FFTD 350 BYTES
$FE7E UNIMPLEMENTED
SFRAF 50 BYTES
$FEBO FLASH
$FFBD 14 BYTES
$FFBE
1 MISCELLANEOUS REGISTERS
$FFCA
$FEC2 FLASH
$FROF 14 BYTES
$FEDO USER VECTORS
SFRFF 48 BYTES
MC68HC908QC16 Memory Map
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Direct Page Registers

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
TIM1 Channel 3 Fead:| . - - : : : - -
) ) ) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
$0034  Register High (TICH3H)  Write:
See page 204.  Reget. Indeterminate after reset
Read:
~ TIM1 Chamnel 3 ™™ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
$0035 Register Low (TICH3L) ~ Write:
See page 204. Reset: Indeterminate after reset
: Read: ECGST
Oscillator Status and ™) 6g00pT1 | 0SCOPTO | ICFST ICFS0O | ECFS1t | ECFSO | ECGON
$0036  Control Register (OSCSC) ~ Write:
Seepage 104. pReser 0 0 0 0 0 0 0 0
$0037 Reserved

Oscillator Trim Register  Read:

50008 (OSCTRIM) Write: TRIM7 TRIM6 TRIM5 TRIM4 TRIM3 TRIM2 TRIM1 TRIMO
See page 105.
Reset: 1 0 0 0 0 0 0 0
$0039
d Reserved
$003B

Read:| COCO
ADC10 Status and Control "™ AIEN ADCO | ADCH4 | ADCH3 | ADCH2 | ADCH1 | ADCHO
$003C Register (ADSCR) ~ Write:

Seepage 54.  Raget: 0 0 0 ] ] ] ] ]

ADC10 Data Register High  nead:| 0 0 0 0 0 0 AD9 AD8
$003D (ADRH) Write:| R R R R R R R R
Seepage 56. Reser 0 . ; . 5 - - -

ADC10 Data Register Low  Read:|  AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
$003E (ADRL) Write:| R R R R R R R R
See page 56. Reset: 0 0 0 0 0 0 0 0

. Read:
ADC10 Clock Register ™| apypc | ADIV1 ADIVO | ADICLK | MODE1 | MODEO | ADLSMP | ADACKEN
$003F (ADCLK) ~ Write:

Seepage56. poger 0 0 0 0 0 0 0 0
TIM2 Status and Control Read: TOF TOIE TSTOP 0 0 PS2 PS1 PSO
$0240 Register (T2SC) ~ Write: 0 TRST
Seepage213. peser g 0 1 0 0 0 0 0
TIM2 Counter Register ~ Read: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
HIgh  \rite:
$0241 (T2CNTH) '
See page 214. Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented |I|= Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 8)
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Addr.
$024F

$FE0O

$FEO1

$FEO02

$FEO3

$FE04

$FEO05

$FE06

$FEQ7

$FE08

$FE09

$FEOA

$FEOB

Register Name
Reserved

Break Status Register
(BSR)
See page 223.

SIM Reset Status Register
(SRSR)
See page 167.

Break Auxiliary Register
(BRKAR)
See page 223.

Break Flag Control Register
(BFCR)
See page 223.

Interrupt Status Register 1
(INT1)
See page 163.

Interrupt Status Register 2
(INT2)
See page 163.

Interrupt Status Register 3
(INT3)
See page 163.

Reserved

FLASH Control Register
(FLCR)
See page 36.

Break Address High
Register (BRKH)
See page 222.

Break Address low
Register (BRKL)
See page 222.

Break Status and Control
Register (BRKSCR)
See page 223.

Read:
Write:
Reset:
Read:
Write:

POR:
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:

Direct Page Registers

Bit7 6 5 4 3 2 1 Bit 0
SBSW
R R R R R R R
0
0
POR PIN CoP ILOP ILAD MODRST LvI 0
1 0 0 0 0 0 0 0
0 0 0 0 0 0 0
BDCOP
0 0 0 0 0 0 0 0
BCFE R R R R R R R
0
IF6 IF5 IF4 IF3 IF2 IF1
R R R R R R R R
0 0 0 0
IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7
R R R R R R R R
0 0 0 0 0 0 0
IF22 IF21 IF20 IF19 IF18 IF17 IF16 IF15
R R R R R R R R
0 0 0 0 0 0
0 0 0 0
HVEN MASS ERASE PGM
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 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 0 0
BRKE BRKA
0 0 0 0 0 0 0 0

D = Unimplemented

E = Reserved

U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 7 of 8)
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FLASH Memory (FLASH)

PGM — Program Control Bit
This read/write bit configures the memory for program operation. PGM is interlocked with the ERASE
bit such that both bits cannot be equal to 1 or set to 1 at the same time.
1 = Program operation selected
0 = Program operation unselected

2.6.2 FLASH Page Erase Operation

Use the following procedure to erase a page of FLASH memory. A page consists of 64 consecutive bytes
starting from addresses $XX00, $XX40, $XX80, or $XXCO. The 48-byte user interrupt vectors area also
forms a page. Any FLASH memory page can be erased alone.

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

Read the FLASH block protect register.

Write any data to any FLASH location within the address range of the block to be erased.
Wait for a time, tnys.

Set the HVEN bit.

Wait for a time, tg gge-

Clear the ERASE bit.

Wait for a time, tyyp-

Clear the HVEN bit.

After time, tgcy, the memory can be accessed in read mode again.

—
COX®NDO RN

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 as shown, other unrelated operations may
occur between the steps.

NOTE
A page erase of the vector page will erase the internal oscillator trim value
at $FFCO.

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5
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V¥ ¢
i

Memory

2.6.3 FLASH Mass Erase Operation

Use the following procedure to erase the entire FLASH memory to read as a 1:
1. Set both the ERASE bit and the MASS bit in the FLASH control register.
Read the FLASH block protect register.
Write any data to any FLASH address(") within the FLASH memory address range.
Wait for a time, ths.
Set the HVEN bit.
Wait for a time, tygrase-
Clear the ERASE and MASS bits.

NOo ok~ ®DND

NOTE
Mass erase is disabled whenever any block is protected (FLBPR does not
equal $FF).
8. Wait for a time, tyyHL-
9. Clear the HVEN bit.
10. After time, tgcy, the memory can be accessed in read mode again.

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 as shown, other unrelated operations may
occur between the steps.

CAUTION
A mass erase will erase the internal oscillator trim value at $FFCO.

1. When in monitor mode, with security sequence failed (see 18.3.2 Security), write to the FLASH block protect register in-
stead of any FLASH address.
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FLASH Memory (FLASH)

2.6.5 FLASH Protection

Due to the ability of the on-board charge pump to erase and program the FLASH memory in the target
application, provision is made to protect blocks of memory from unintentional erase or program
operations due to system malfunction. This protection is done by use of a FLASH block protect 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 to the bottom of the FLASH
memory ($FFFF). When the memory is protected, the HVEN bit cannot be set in either ERASE or
PROGRAM operations.

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

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

When bits within the FLBPR are programmed, they lock a block of memory. The address ranges are
shown in 2.6.6 FLASH Block Protect Register. Once the FLBPR is programmed with a value other than
$FF, any erase or program of the FLBPR or the protected block of FLASH memory is prohibited. Mass
erase is disabled whenever any block is protected (FLBPR does not equal $FF). The FLBPR itself can
be erased or programmed only with an external voltage, V1gT, present on the IRQ pin. This voltage also
allows entry from reset into the monitor mode.

2.6.6 FLASH Block Protect Register

The FLASH block protect register 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 address of the protected range within the FLASH memory.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO
Write:
Reset: Unaffected by reset. Initial value from factory is 1.

Write to this register is by a programming sequence to the FLASH memory.
Figure 2-5. FLASH Block Protect Register (FLBPR)

BPR[7:0] — FLASH Protection Register Bits [7:0]
These eight bits in FLBPR represent bits [13:6] of a 16-bit memory address. Bits [15:14] are 1s and
bits [5:0] are Os.
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, or $XXCO0 within the
FLASH memory. See Figure 2-6 and Table 2-2.
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Chapter 6
Central Processor Unit (CPU)

6.1 Introduction

The M68HC08 CPU (central processor unit) is an enhanced and fully object-code-compatible version of
the M68HCO05 CPU. The CPUO8 Reference Manual (document order number CPUO8BRM/AD) contains a
description of the CPU instruction set, addressing modes, and architecture.

6.2 Features

Features of the CPU include:
* Object code fully upward-compatible with M68HCO05 Family
* 16-bit stack pointer with stack manipulation instructions
* 16-bit index register with x-register manipulation instructions
e 8-MHz CPU internal bus frequency
e 64-Kbyte program/data memory space
* 16 addressing modes
* Memory-to-memory data moves without using accumulator
e 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

6.3 CPU Registers

Figure 6-1 shows the five CPU registers. CPU registers are not part of the memory map.
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Oscillator Mode (OSC)

PTAO/T1CHO/ADO/KBIO <e—3]
PTA1/T1CH1/AD1/KBI1 ~<e—>] @ CLOCK
7 GENERATOR
PTA2TRQKBI2TICLK —| | < @
<
PTAY/RST/KBI3 <—>| = | 8
PTA4/0SC2/AD2/KBI4 <€ @ KEYBOARD INTERRUPT
MODULE
PTAS/OSC1/AD3/KBI5 <3
(———N  MesHcos CPU Q:V“
N 4
PTBO/SPSCK/AD4 <—>] @ SINGLE INTERRUPT
PTB1/MOSIT2CH1/AD5 <—>] MODULE
PTB2/MISO/T2CHO/ADE ~—>
PTB3/SS/T2CLK/AD7 <—>=| o | 2 BREAK
=l a
PTB4/RXD/T2CHO/ADS <—»| & | S Q:"> VODULE
PTBS/TXDIT2CH1/AD9 ~<€—>
PTB6/TICH2 ~—>]
PTB7/TICH3 <> @ PERIODIC WAKEUP
MODULE
PTCO <—>] < N
PTC1 <> .. | o @ V @ LOW-VOLTAGE
2| @ INHIBIT
PTC2 - | O
PTC3 —> MC68HC908QC16 4-CHANNEL 16-BIT
16,384 BYTES @ TIMER MODULE
PTDO <«—> MC68HC908QC8
E%; : 8192 BYTES 2-CHANNEL 16-BIT
- " MC68HC908QC4 TIMER MODULE
PTD3 - o | & 4096 BYTES
PTD4 <> 2 | §
PTD5 <—»] USER FLASH o
PTD6 <—>] ® MODULE
PTD7 <—>]
@ 10-CHANNEL
MC68HC908QC16 10-BIT ADC
512 BYTES
MC68HC908QC8 ENHANCED SERIAL
384 BYTES @ @ COMMUNICATIONS
INTERFACE MODULE
MC68HC908QC4 CEMODU
384 BYTES
SERIAL PERIPHERAL
USERRAN @ INTERFACE
Q:{} MONITOR ROM
«— Vpp
POWER SUPPLY e
l«— Vss

All port pins can be configured with internal pullup
PTC not available on 16-pin devices (see note in 11.1 Introduction)
PTD not available on 16-pin or 20-pin devices (see note in 11.1 Introduction)

Figure 10-1. Block Diagram Highlighting OSC Block and Pins
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Input/Output Ports (PORTS)

Table 11-2. Port B Pin Functions

PTBPUE DDRB PTB /0O Pin Accesses to DDRB Accesses to PTB
Bit Bit Bit Mode Read/Write Read Write
1 0 XM Input, Vpp'® DDRB7-DDRBO Pin PTB7-PTBO®
0 0 X Input, Hi-z®) DDRB7-DDRBO0 Pin PTB7-PTB0O®)
X 1 X Output DDRB7-DDRBO0 PTB7-PTBO PTB7-PTBO
1. X =don’t care
2. 1/O pin pulled to Vpp by internal pullup.
3. Writing affects data register, but does not affect input.
4. Hi-Z = high impedance

11.5 Port C

Port C is an 4-bit general purpose port. PTC3 is an input only port pin, while PTC2—-PTCO can be
configured for either input or output. Each port C pin can be configured to have an internal pullup when
used as an input pin.

NOTE
PTC3 has a high voltage detector to enable entry into special modes. Do
not exceed the Vpp level on this pin in normal operation.

11.5.1 Port C Data Register
The port C data register (PTC) contains a data latch for each of the port C pins.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 PTC3
) PTC2 PTCA1 PTCO
Write:
Reset: Unaffected by reset

I:I = Unimplemented

Figure 11-9. Port C Data Register (PTC)

PTC[2:0] — Port C Data Bits
These read/write bits are software programmable. Data direction of each port C pin is under the control
of the corresponding bit in data direction register C. Reset has no effect on port C data.

PTC3 — Port C Data Bit
This read-only bit reads the state of the PTC3 pin.

MC68HC908QC16 » MC68HC908QC8 « MC68HC908QC4 Data Sheet, Rev. 5
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Port C

11.5.2 Data Direction Register C

Data direction register C (DDRC) determines whether each port C pin is an input or an output. Writing a 1
to a DDRC bit enables the output buffer for the corresponding port C pin; a 0 disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0
) DDRC2 DDRC1 DDRCO
Write:
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 11-10. Data Direction Register C (DDRC)

DDRC[2:0] — Data Direction Register C Bits
These read/write bits control port C data direction. Reset clears DDRC[2:0], configuring all port C pins
as inputs.
1 = Corresponding port C pin configured as output
0 = Corresponding port C pin configured as input

NOTE
Avoid glitches on port C pins by writing to the port C data register before
changing data direction register C bits from 0 to 1. Figure 11-11 shows the
port C I/O logic.

2"\ READ DDRC ($0006) T

PTCPUEx—] [:

DDRCx
RESET —»] |::| PULLUP

WRITE DDRC ($0006)

WRITE PTC ($0002)

> PTCx ® —> PTCx

READ PTC ($0002) )’]
AN

< INTERNAL DATA BUS
A

Figure 11-11. Port C I/O Circuit

NOTE
Figure 11-11 does not apply to PTCS3.

When DDRCx is a 1, reading address $0002 reads the PTCx data latch. When DDRCx is a 0, reading
address $0002 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit.
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Enhanced Serial Communications Interface (ESCI) Module

13.7.2 ESCI Receive Data (RxD)

The RxD pinis the serial data input to the ESCI receiver. When the ESCI is enabled, the RxD pin becomes
an input.

13.8 Registers

The following registers control and monitor operation of the ESCI:
e ESCI control register 1, SCCA1
» ESCI control register 2, SCC2
* ESCI control register 3, SCC3
e ESCI status register 1, SCS1
» ESCI status register 2, SCS2
» ESCI data register, SCDR
e ESCI baud rate register, SCBR
» ESCI prescaler register, SCPSC
e ESCI arbiter control register, SCIACTL
» ESCI arbiter data register, SCIADAT

13.8.1 ESCI Control Register 1

ESCI control register 1 (SCCH1):
e Enables loop mode operation
e Enables the ESCI
e Controls output polarity
* Controls character length
e Controls ESCI wakeup method
* Controls idle character detection
e Enables parity function
e Controls parity type

Bit 7 6 5 4 3 2 1 Bit 0
Read:
) LOOPS ENSCI TXINV M WAKE ILTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 13-9. ESCI Control Register 1 (SCC1)

LOOPS — Loop Mode Select Bit
This read/write bit enables loop mode operation. In loop mode the RxD pin is disconnected from the
ESCI, and the transmitter output goes into the receiver input. Both the transmitter and the receiver
must be enabled to use loop mode.
1 = Loop mode enabled
0 = Normal operation enabled
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Registers

Table 13-5. ESCI LIN Control Bits

LINT LINR M Functionality
0 0 X Normal ESCI functionality
0 1 0 11-bit break detect enabled for LIN receiver
0 1 1 12-bit break detect enabled for LIN receiver
1 0 0 13-bit generation enabled for LIN transmitter
1 0 1 14-bit generation enabled for LIN transmitter
1 1 0 11-bit break detect/13-bit generation enabled for LIN
1 1 1 12-bit break detect/14-bit generation enabled for LIN

SCP1 and SCP0 — ESCI Baud Rate Register Prescaler Bits
These read/write bits select the baud rate register prescaler divisor as shown in Table 13-6.

Table 13-6. ESCI Baud Rate Prescaling

SCP[1:0] Proscaler Diisor (3PD)
00 1
01 3
10 4
11 13

SCR2-SCR0 — ESCI Baud Rate Select Bits
These read/write bits select the ESCI baud rate divisor as shown in Table 13-7. Reset clears
SCR2-SCRO0.

Table 13-7. ESCI Baud Rate Selection

SCR[2:1:0] Baud Rate Divisor (BD)
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

13.8.8 ESCI Prescaler Register

The ESCI prescaler register (SCPSC) together with the ESCI baud rate register selects the baud rate for
both the receiver and the transmitter.

NOTE
There are two prescalers available to adjust the baud rate — one in the
ESCI baud rate register and one in the ESCI prescaler register.
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Serial Peripheral Interface (SPI) Module

input (SS) is low, so that only the selected slave drives to the master. The SS pin of the master is not
shown but is assumed to be inactive. The SS pin of the master must be high or must be reconfigured as
general-purpose 1/O not affecting the SPI. (See 15.3.6.2 Mode Fault Error.) When CPHA = 0, the first
SPSCK edge is the MSB capture strobe. Therefore, the slave must begin driving its data before the first
SPSCK edge, and a falling edge on the SS pin is used to start the slave data transmission. The slave’s
SS pin must be toggled back to high and then low again between each byte transmitted as shown in
Figure 15-5.

When CPHA = 0 for a slave, the falling edge of SS indicates the beginning of the transmission. This
causes the SPI to leave its idle state and begin driving the MISO pin with the MSB of its data. After 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 falling edge of
SS. Any data written after the falling edge is stored in the transmit data register and transferred to the shift
register after the current transmission.

SPSCK CYCLE #
FOR REFERENCE 1 2 3 4 5 6 ! 8
SPSCK: CPOL =0 o\ Y A A R Y A Y
O
SPSCK: CPOL =1
o ]

EroM MamoS! TN msB Y BiTe ) BiTs Y BIT4 ¥ BIT3 ) BIT2 Y BIT1 ) LSB
S O I O A A

MSO s Y mie { BiTs | B4 ) s | B2 Y A1 ) Lss
|

FROM SLAVE
ssroswe | LIV TTIITTTTTT F

CAPTURE STROBE A A A A A A A A
Figure 15-4. Transmission Format (CPHA = 0)

MISOMOSI BYTE 1 X BYTE 2 X BYTE3

MASTER SS

SLAVE SS
CPHA=0

SLAVE SS
CPHA =1

A /\

AJI\LJ
1A

Figure 15-5. CPHA/SS Timing

15.3.3.3 Transmission Format When CPHA = 1

Figure 15-6 shows an SPI transmission in which CPHA = 1. The figure should not be used as a
replacement for data sheet parametric information. Two waveforms are shown for SPSCK: one for
CPOL = 0 and another for CPOL = 1. The diagram may be interpreted as a master or slave timing
diagram because the serial clock (SPSCK), master in/slave out (MISO), and master out/slave in (MOSI)
pins are directly connected between the master and the slave. The MISO signal is the output from the
slave, and the MOSI signal is the output from the master. The SS line is the slave select input to the slave.
The slave SPI drives its MISO output only when its slave select input (SS) is low, so that only the selected
slave drives to the master. The SS pin of the master is not shown but is assumed to be inactive. The SS
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Serial Peripheral Interface (SPI) Module

15.3.6.2 Mode Fault Error

Setting SPMSTR selects master mode and configures the SPSCK and MOSI pins as outputs and the
MISO pin as an input. Clearing SPMSTR selects slave mode and configures the SPSCK and MOSI pins
as inputs and the MISO pin as an output. The mode fault bit, MODF, becomes set any time the state of
the slave select pin, SS, is inconsistent with the mode selected by SPMSTR.

To prevent SPI pin contention and damage to the MCU, a mode fault error occurs if:
e The SS pin of a slave SPI goes high during a transmission
e The SS pin of a master SPI goes low at any time

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

MODF generates a receiver/error interrupt request if the error interrupt enable bit (ERRIE) is also set. The
SPRF, MODF, and OVRF interrupts share the same interrupt vector. (See Figure 15-11.) Itis not possible
to enable MODF or OVRF individually to generate a receiver/error interrupt request. However, leaving
MODFEN low prevents MODF from being set.

In a master SPI with the mode fault enable bit (MODFEN) set, the mode fault flag (MODF) is set if SS
goes low. A mode fault in a master SPI causes the following events to occur:

* If ERRIE =1, the SPI generates an SPI receiver/error interrupt request.

e The SPE bit is cleared.

* The SPTE bit is set.

e The SPI state counter is cleared.

* The data direction register of the shared 1/O port regains control of port drivers.

NOTE
To prevent bus contention with another master SPI after a mode fault error,
clear all SPI bits of the data direction register of the shared I/O port before
enabling the SPI.

When configured as a slave (SPMSTR = 0), the MODF flag is set if SS goes high during a transmission.
When CPHA = 0, a transmission begins when SS goes low and ends after the incoming SPSCK goes to
its idle level following the shift of the eighth data bit. When CPHA = 1, the transmission begins when the
SPSCK leaves its idle level and SS is already low. The transmission continues until the SPSCK returns
to its idle level following the shift of the last data bit. See 15.3.3 Transmission Formats.

NOTE
Setting the MODF flag does not clear the SPMSTR bit. SPMSTR has no
function when SPE = 0. Reading SPMSTR when MODF = 1 shows the
difference between a MODF occurring when the SPI is a master and when
it is a slave.

When CPHA = 0, a MODF occurs if a slave is selected (SS is low) and later
unselected (SS is high) even if no SPSCK is sent to that slave. This
happens because SS low indicates the start of the transmission (MISO
driven out with the value of MSB) for CPHA = 0. When CPHA = 1, a slave
can be selected and then later unselected with no transmission occurring.
Therefore, MODF does not occur because a transmission was never
begun.
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Serial Peripheral Interface (SPI) Module

The error interrupt enable bit (ERRIE) enables both the MODF and OVRF bits to generate a receiver/error
interrupt request.

The mode fault enable bit (MODFEN) can prevent the MODF flag from being set so that only the OVRF
bit is enabled by the ERRIE bit to generate receiver/error interrupt requests.

The following sources in the SPI status and control register can generate interrupt requests:

e SPlreceiver full bit (SPRF) — SPRF becomes set every time a byte transfers from the shift register
to the receive data register. If the SPI receiver interrupt enable bit, SPRIE, is also set, SPRF
generates an SPI receiver/error interrupt request.

e SPI transmitter empty bit (SPTE) — SPTE becomes set every time a byte transfers from the
transmit data register to the shift register. If the SPI transmit interrupt enable bit, SPTIE, is also set,
SPTE generates an SPTE interrupt request.

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

15.5.1 Wait Mode

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

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

To exit wait mode when an overflow condition occurs, enable the OVRF bit to generate interrupt requests
by setting the error interrupt enable bit (ERRIE). See 15.4 Interrupts.

15.5.2 Stop Mode

The SPI module is inactive after the execution of a STOP instruction. The STOP instruction does not
affect register conditions. SPI operation resumes after an external interrupt. If stop mode is exited by
reset, any transfer in progress is aborted, and the SPI is reset.

15.6 SPI During Break Interrupts

The system integration module (SIM) controls whether status bits in other modules can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. 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 0 to BCFE. With BCFE cleared (its default state),
software can read and write registers during the break state without affecting status bits. Some status bits
have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is cleared. After the break, doing
the second step clears the status bit.
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Registers

SPTE — SPI Transmitter Empty Bit
This clearable, read-only flag is set each time the transmit data register transfers a byte into the shift
register. SPTE generates an SPTE interrupt request if the SPTIE bit in the SPI control register is also
set.

NOTE
Do not write to the SPI data register unless SPTE is high.

During an SPTE interrupt, user software can clear SPTE by writing to the transmit data register.
1 = Transmit data register empty
0 = Transmit data register not empty

MODFEN — Mode Fault Enable Bit
This read/write bit, when set, allows the MODF flag to be set. If the MODF flag is set, clearing
MODFEN does not clear the MODF flag. If the SPI is enabled as a master and the MODFEN bit is 0,
then the SS pin is available as a general-purpose I/O.

If the MODFEN bit is 1, then this pin is not available as a general-purpose I/O. When the SPl is enabled
as a slave, the SS pin is not available as a general-purpose I/O regardless of the value of MODFEN.
See 15.7.4 SS (Slave Select).

If the MODFEN bit is 0, the level of the SS pin does not affect the operation of an enabled SPI
configured as a master. For an enabled SPI configured as a slave, having MODFEN low only prevents
the MODF flag from being set. It does not affect any other part of SPI operation. See 15.3.6.2 Mode
Fault Error.

SPR1 and SPR0O — SPI Baud Rate Select Bits
In master mode, these read/write bits select one of four baud rates as shown in Table 15-3. SPR1 and
SPRO have no effect in slave mode.

Table 15-3. SPI Master Baud Rate Selection

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

Use this formula to calculate the SPI baud rate:
BUSCLK

Baud rate =
Y BD
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Functional Description

function, and TIM1 channel 1 status and control register (T1SC1) is unused. While the MSOB bit is set,
the channel 1 pin, TICH1, is available as a general-purpose 1/O pin.

Channels 2 and 3 can be linked to form a buffered PWM channel whose output appears on the T1ICH2
pin. The TIM1 channel registers of the linked pair alternately control the output.

Setting the MS2B bit in TIM1 channel 2 status and control register (T1SC2) links channel 2 and channel 3.
The TIM1 channel 2 registers initially control the pulse width on the T1CH2 pin. Writing to the TIM1
channel 3 registers enables the TIM1 channel 3 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM1 channel registers (2 or 3) that
control the pulse width are the ones written to last. T1SC2 controls and monitors the buffered PWM
function, and TIM1 channel 3 status and control register (T1SC3) is unused. While the MS2B bit is set,
the channel 3 pin, T1ICH3, is available as a general-purpose 1/O pin.

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.

16.3.4.3 PWM Initialization

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

1. Inthe TIM1 status and control register (T1SC):
a. Stop the counter by setting the TIM1 stop bit, TSTOP.

b. Reset the counter and prescaler by setting the TIM1 reset bit, TRST.

2. Inthe TIM1 counter modulo registers (TTIMODH:T1MODL), write the value for the required PWM
period.

In the TIM1 channel x registers (T1CHxH:T1CHxL), write the value for the required pulse width.
4. In TIM1 channel x status and control register (T1SCx):

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 16-2.

b. Write 1 to the toggle-on-overflow bit, TOVx.

c. Write 1:0 (polarity 1 — to clear output on compare) or 1:1 (polarity 0 — 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 16-2.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare can also
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

5. Inthe TIM1 status control register (T1SC), clear the TIM1 stop bit, TSTOP.

w
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Registers

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
CHOIE MS0B MSO0A ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 16-9. TIM1 Channel 0 Status and Control Register (T1SCO0)

Bit 7 6 5 4 3 2 1 Bit 0
Read: CH1F 0
CH1IE MS1A ELS1B ELS1A TOV1 CH1MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 16-10. TIM1 Channel 1 Status and Control Register (T1SC1)

Bit 7 6 5 4 3 2 1 Bit 0
Read: CH2F
Wit 0 CH2IE MS2B MS2A ELS2B ELS2A TOV2 CH2MAX
rite:

Reset: 0 0 0 0 0 0 0 0

Figure 16-11. TIM1 Channel 2 Status and Control Register (T1SC2)

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH3F 0
CHSIE MS3A ELS3B ELS3A TOV3 CH3MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 16-12. TIM1 Channel 3 Status and Control Register (T1SC3)

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
counter registers matches the value in the TIM1 channel x registers.

Clear CHxF by reading the T1SCx register with CHxF set and then writing a 0 to CHxF. If another
interrupt request occurs before the clearing sequence is complete, then writing 0 to CHxF has no
effect. Therefore, an interrupt request cannot be lost due to inadvertent clearing of CHxF.

Writing a 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

CHXxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIM1 interrupt service requests on channel x.
1 = Channel x interrupt requests enabled
0 = Channel x interrupt requests disabled
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Monitor Module (MON)

If monitor mode was entered with Vgt on IRQ, then the COP is disabled as long as Vg is applied to
IRQ.

18.3.1.2 Forced Monitor Mode

If entering monitor mode without high voltage on IRQ, then startup port pin requirements and conditions,
(PTA1/PTA4) 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.

If monitor mode was entered as a result of the reset vector being blank, the COP is always disabled
regardless of the state of IRQ.

If the voltage applied to the IRQ is less than Vg7, the MCU will come out of reset in user mode. Internal
circuitry monitors the reset vector fetches and will assert an internal reset if it detects that the reset vectors
are erased ($FF). When the MCU comes out of reset, it is forced into monitor mode without requiring high
voltage on the IRQ pin. Once out of reset, the monitor code is initially executing with the internal clock at
its default frequency.

If IRQ is held high, all pins will default to regular input port functions except for PTA0 and PTA5 which will
operate as a serial communication port and OSC1 input respectively (refer to Figure 18-11). That will
allow the clock to be driven from an external source through OSC1 pin.

If IRQ is held low, all pins will default to regular input port function except for PTAO which will operate as
serial communication port. Refer to Figure 18-12.

Regardless of the state of the IRQ pin, it will not function as a port input pin in monitor mode. Bit 2 of the
Port A data register will always read 0. The BIH and BIL instructions will behave as if the IRQ pin is
enabled, regardless of the settings in the configuration register. See Chapter 4 Configuration Registers
(CONFIG1 and CONFIG2).

The 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.
18.3.1.3 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.

NOTE
Exiting monitor mode after it has been initiated by having a blank reset
vector requires a power-on reset (POR). Pulling RST (when RST pin
available) low will not exit monitor mode in this situation.

Table 18-2 summarizes the differences between user mode and monitor mode regarding vectors.
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NOTES:
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DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.

DATUMS A AND B TO BE DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS
EXIT THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR GATE BURRS. MOLD
FLASH, PROTRUSION OR GATE BURRS SHALL NOT EXCEED 0.15 MM PER SIDE. THIS
DIMENSION IS DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS EXIT
THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE INTER—LEAD FLASH OR PROTRUSIONS. INTER—LEAD
FLASH AND PROTRUSIONS SHALL NOT EXCEED 0.25 MM PER SIDE. THIS DIMENSION IS
DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS EXIT THE PLASTIC BODY.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 0.62 mm.
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