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FLASH Memory (FLASH)

2.6.3 FLASH Mass Erase Operation

Use the following procedure to erase the entire FLASH memory to read as a 1:

1.

NOo ook~ ®h

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.
NOTE
Mass erase is disabled whenever any block is protected (FLBPR does not
equal $FF).
Wait for a time, tNVHL'
Clear the HVEN bit.
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.

2.6.4 FLASH Program Operation

Programming of the FLASH memory is done on a row basis. A row consists of 32 consecutive bytes
starting from addresses $XX00, $XX20, $XX40, $XX60, $XX80, $XXA0, $XXCO, or $XXEO. Use the
following step-by-step procedure to program a row of FLASH memory

Figure 2-4 shows a flowchart of the programming algorithm.

oMb

NOTE
Do not program any byte in the FLASH more than once after a successful
erase operation. Reprogramming bits to a byte which is already
programmed is not allowed without first erasing the page in which the byte
resides or mass erasing the entire FLASH memory. Programming without
first erasing may disturb data stored in the FLASH.

Set the PGM bit. This configures the memory for program operation and enables the latching of
address and data for programming.

Read the FLASH block protect register.

Write any data to any FLASH location within the address range desired.

Wait for a time, tyys.

Set the HVEN bit.

1. When in monitor mode, with security sequence failed (see 17.3.2 Security), write to the FLASH block protect register in-
stead of any FLASH address.
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Analog-to-Digital Converter (ADC10) Module
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Figure 3-1. Block Diagram Highlighting ADC10 Block and Pins
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Low-Power Modes

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

4.5.1 Wait Mode

The AWU module remains inactive in wait mode.

4.5.2 Stop Mode

When the AWU module is enabled (AWUIE = 1 in the keyboard interrupt enable register) it is activated
automatically upon entering 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. The AWU counters start
from O each time stop mode is entered.

4.6 Registers

The AWU shares registers with the keyboard interrupt (KBI) module, the port A I/O module and
configuration register 2. The following I/O registers control and monitor operation of the AWU:
* Port A data register (PTA)
* Keyboard interrupt status and control register (KBSCR)
* Keyboard interrupt enable register (KBIER)
* Configuration register 1 (CONFIG1)
* Configuration register 2 (CONFIG2)

4.6.1 Port A I/O Register

The port A data register (PTA) contains a data latch for the state of the AWU interrupt request, in addition
to the data latches for port A.

Bit7 6 5 4 3 2 1 Bit 0
Read: 0 AWUL PTA2
) PTA5 PTA4 PTA3 PTA1 PTAO
Write:
Reset: 0 0 Unaffected by reset

I:l = Unimplemented

Figure 4-2. Port A Data Register (PTA)

AWUL — Auto Wakeup Latch
This is a read-only bit which has the value of the auto wakeup interrupt request latch. The wakeup
request signal is generated internally. There is no PTA6 port or any of the associated bits such as
PTAG6 data direction or pullup bits.
1 = Auto wakeup interrupt request is pending
0 = Auto wakeup interrupt request is not pending

NOTE
PTA5-PTAO bits are not used in conjuction with the auto wakeup feature.
To see a description of these bits, see 12.2.1 Port A Data Register.

MC68HC908QB8 Data Sheet, Rev. 3
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Auto Wakeup Module (AWU)

4.6.2 Keyboard Status and Control Register

The keyboard status and control register (KBSCR):
* Flags keyboard/auto wakeup interrupt requests
* Acknowledges keyboard/auto wakeup interrupt requests
* Masks keyboard/auto wakeup interrupt requests

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 KEYF 0
IMASKK | MODEK
Write: ACKK
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 4-3. Keyboard Status and Control Register (KBSCR)

Bits 7-4 — Not used
These read-only bits always read as 0s.

KEYF — Keyboard Flag Bit
This read-only bit is set when a keyboard interrupt is pending on port A or auto wakeup. Reset clears
the KEYF bit.
1 = Keyboard/auto wakeup interrupt pending
0 = No keyboard/auto wakeup interrupt pending

ACKK — Keyboard Acknowledge Bit
Writing a 1 to this write-only bit clears the keyboard/auto wakeup interrupt request on port A and auto
wakeup logic. ACKK always reads as 0. Reset clears ACKK.

IMASKK— Keyboard Interrupt Mask Bit
Writing a 1 to this read/write bit prevents the output of the keyboard interrupt mask from generating
interrupt requests on port A or auto wakeup. Reset clears the IMASKK bit.
1 = Keyboard/auto wakeup interrupt requests masked
0 = Keyboard/auto wakeup interrupt requests not masked

NOTE
MODEK is not used in conjuction with the auto wakeup feature. To see a
description of this bit, see 9.8.1 Keyboard Status and Control Register
(KBSCR).

4.6.3 Keyboard Interrupt Enable Register

The keyboard interrupt enable register (KBIER) enables or disables the auto wakeup to operate as a
keyboard/auto wakeup interrupt input.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
) AWUIE KBIE5 KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
Write:
Reset: 0 0 0 0 0 0 0 0

l:l = Unimplemented

Figure 4-4. Keyboard Interrupt Enable Register (KBIER)
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Auto Wakeup Module (AWU)

COPRS (In Stop Mode) — Auto Wakeup Period Selection Bit, depends on OSCSTOPEN in
CONFIG2 and bus clock source (BUSCLKX2).

1 = Auto wakeup short cycle = 512 x (INTRCOSC or BUSCLKX2)

0 = Auto wakeup long cycle = 16,384 x (INTRCOSC or BUSCLKX2)

SSREC — Short Stop Recovery Bit
SSREC enables the CPU to exit stop mode with a delay of 32 BUSCLKX4 cycles instead of a 4096
BUSCLKX4 cycle delay.
1 = Stop mode recovery after 32 BUSCLKX4 cycles
0 = Stop mode recovery after 4096 BUSCLKX4 cycles

NOTE
LVISTOP, LVIRST, LVIPWRD, LVITRIP and COPD bits are not used in
conjuction with the auto wakeup feature. To see a description of these bits,
see Chapter 5 Configuration Register (CONFIG)

MC68HC908QB8 Data Sheet, Rev. 3
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Central Processor Unit (CPU)

7.3.5 Condition Code Register

The 8-bit condition code register contains the interrupt mask and five flags that indicate the results of the
instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code register.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
) v 1 1 H | N Z C
Write:
Reset: X 1 1 X 1 X X X

X = Indeterminate

Figure 7-6. 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.
1 = Interrupts disabled
0 = Interrupts enabled

NOTE
To maintain M6805 Family 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

MC68HC908QB8 Data Sheet, Rev. 3
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Chapter 10
Low-Voltage Inhibit (LVI)

10.1 Introduction

The low-voltage inhibit (LVI) module is provided as a system protection mechanism to prevent the MCU
from operating below a certain operating supply voltage level. The module has several configuration
options to allow functionality to be tailored to different system level demands.

The configuration registers (see Chapter 5 Configuration Register (CONFIG)) contain control bits for this
module.

10.2 Features

Features of the LVI module include:
e Programmable LVI reset
* Selectable LVI trip voltage
* Programmable stop mode operation

10.3 Functional Description

Figure 10-1 shows the structure of the LVI module. LVISTOP, LVIPWRD, LVITRIP, and LVIRSTD are
user selectable options found in the configuration register.

Voo
— STOP INSTRUCTION
)O—C o I LVISTOP |

4 FROM CONFIGURATION REGISTER
‘ FROM CONFIGURATION REGISTER

FROM CONFIGURATION REGISTER '
y T

LOWVp | O'F Voo > Vs _>—> LVI RESET
DETECTOR —

TIF Vpp < Vrreer
Y

| LvVIouUT |

A
LVITRIP

FROM CONFIGURATION REGISTER

Figure 10-1. LVI Module Block Diagram
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Chapter 11
Oscillator Module (OSC)

11.1 Introduction

The oscillator (OSC) module is used to provide a stable clock source for the MCU system and bus.

The OSC shares its pins with general-purpose input/output (1/O) port pins. See Figure 11-1 for port
location of these shared pins. The OSC2EN bit is located in the port A pull enable register (PTAPUEN)
on this MCU. See Chapter 12 Input/Output Ports (PORTS) for information on PTAPUEN register.

11.2 Features

The bus clock frequency is one fourth of any of these clock source options:

1.

Internal oscillator: An internally generated, fixed frequency clock, trimmable to = 0.4%. There are
three choices for the internal oscillator,12.8 MHz, 8 MHz, or 4 MHz. The 4-MHz internal oscillator
is the default option out of reset.

External oscillator: An external clock that can be driven directly into OSCA1.

External RC: A built-in oscillator module (RC oscillator) that requires an external R connection only.
The capacitor is internal to the chip.

External crystal: A built-in XTAL oscillator that requires an external crystal or ceramic-resonator.
There are three crystal frequency ranges supported, 8-32 MHz, 1-8 MHz, and 32—-100 kHz.

11.3 Functional Description

The oscillator contains these major subsystems:

Internal oscillator circuit

Internal or external clock switch control
External clock circuit

External crystal circuit

External RC clock circuit

MC68HC908QB8 Data Sheet, Rev. 3
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Enhanced Serial Communications Interface (ESCI) Module

13.3.3.3 Data Sampling

The receiver samples the RxD pin at the RT clock rate. The RT clock is an internal signal with a frequency
16 times the baud rate. To adjust for baud rate mismatch, the RT clock is resynchronized at these times
(see Figure 13-6):

* After every start bit

e After the receiver detects a data bit change from 1 to 0 (after the majority of data bit samples at

RT8, RT9, and RT10 returns a valid 1 and the majority of the next RT8, RT9, and RT10 samples
returns a valid 0)

To locate the start bit, data recovery logic does an asynchronous search for a 0 preceded by three 1s.
When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

|«—————— STARTBIT ——————»<«— LSB —
RxD ——

PrAE b b Rt

START B START BIT DATA
SAMPLES QUALIFICATION VERIFICATION SAMPLING

ARy
ecook JUU LU UL U UL

RTCLOCK = = m = = = — — -~ OO~ 2N 2R
P e e T e e i M
STATE 0C C OC C C OC (C OC OC (C OC C OC OC (C C

EEEEEEEE

OO CC@oCfCcCccio
TR Y YvYAYY
RESET

Figure 13-6. Receiver Data Sampling

RT1
RT2
RT3
RT4

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT7.
Table 13-1 summarizes the results of the start bit verification samples.

Table 13-1. Start Bit Verification

RT3, RT5, and RT7 Samples | Start Bit Verification | Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit verification is not successful, the RT clock is reset and a new search for a start bit begins.

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 13-2 summarizes the results of the data bit samples.
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ESCI Arbiter
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Figure 13-20. Bit Time Measurement with ACLK
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Figure 13-21. Bit Time Measurement with ACLK = 1, Scenario A
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Figure 13-22. Bit Time Measurement with ACLK = 1, Scenario B
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Enhanced Serial Communications Interface (ESCI) Module

13.9.4 Arbitration Mode

If AM[1:0] is set to 10, the arbiter module operates in arbitration mode. On every rising edge of SCI_TxD
(output of the transmit shift register, see Figure 13-2), the counter is started. When the counter reaches
$38 (ACLK = 0) or $08 (ACLK = 1), RxD is statically sensed. If in this case, RxD is sensed low (for
example, another bus is driving the bus dominant) ALOST is set. As long as ALOST is set, the TxD pin is
forced to 1, resulting in a seized transmission.

If SCI_TxD senses 0 without having sensed a 0 before on RxD, the counter will be reset, arbitration
operation will be restarted after the next rising edge of SCI_TxD.
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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:

* 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.

MC68HC908QB8 Data Sheet, Rev. 3
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Serial Peripheral Interface (SPI) Module

misomosl BYTE 1 )( BYTE 2 )( BYTE 3 |
MASTERSS  / \
T \ )\ =
SLAVE 5§ I
CPHA =1

Figure 15-12. CPHA/SS Timing

When an SPI is configured as a slave, the SS pin is always configured as an input. It cannot be used as
a general-purpose /O regardless of the state of the MODFEN control bit. However, the MODFEN bit can
still prevent the state of SS from creating a MODF error. See 15.8.2 SP| Status and Control Register.

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

When an SPI is configured as a master, the SS input can be used in conjunction with the MODF flag to
prevent multiple masters from driving MOSI and SPSCK. (See 15.3.6.2 Mode Fault Error.) For the state
of the SS pin to set the MODF flag, the MODFEN bit in the SPSCK register must be set. If the MODFEN
bit is 0 for an SPI master, the SS pin can be used as a general-purpose I/O under the control of the data
direction register of the shared I/O port. When MODFEN is 1, it is an input-only pin to the SPI regardless
of the state of the data direction register of the shared 1/O port.

User software can read the state of the SS pin by configuring the appropriate pin as an input and reading
the port data register. See Table 15-2.

Table 15-2. SPI Configuration

SPE SPMSTR MODFEN SPI Configuration Function of SS Pin
General-purpose I/O;
(1) el
0 X X Not enabled SS ignored by SPI
1 0 X Slave Input-only to SPI
. General-purpose I/O;
1 1 0 Master without MODF SS ignored by SPI
1 1 1 Master with MODF Input-only to SPI

1. X =Don’t care

15.8 Registers

The following registers allow the user to control and monitor SPI operation:
e SPI control register (SPCR)
* SPI status and control register (SPSCR)
e SPI data register (SPDR)

MC68HC908QB8 Data Sheet, Rev. 3
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Registers

15.8.1 SPI Control Register

The SPI control register:
e Enables SPI module interrupt requests
* Configures the SPI module as master or slave
e Selects serial clock polarity and phase
e Configures the SPSCK, MOSI, and MISO pins as open-drain outputs
* Enables the SPI module

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit SPRIE R SPMSTR CPOL CPHA SPWOM SPE SPTIE
rite:
Reset: 0 0 1 0 1 0 0 0

IIl = Reserved

Figure 15-13. SPI Control Register (SPCR)

SPRIE — SPI Receiver Interrupt Enable Bit
This read/write bit enables interrupt requests generated by the SPRF bit. The SPRF bit is set when a
byte transfers from the shift register to the receive data register.
1 = SPREF interrupt requests enabled
0 = SPRF interrupt requests disabled

SPMSTR — SPI Master Bit
This read/write bit selects master mode operation or slave mode operation.
1 = Master mode
0 = Slave mode

CPOL — Clock Polarity Bit
This read/write bit determines the logic state of the SPSCK pin between transmissions. (See
Figure 15-4 and Figure 15-6.) To transmit data between SPI modules, the SPI modules must have
identical CPOL values.

CPHA — Clock Phase Bit
This read/write bit controls the timing relationship between the serial clock and SPI data. (See
Figure 15-4 and Figure 15-6.) To transmit data between SPI modules, the SPI modules must have
identical CPHA values. When CPHA = 0, the SS pin of the slave SPI module must be high between
bytes. (See Figure 15-12.)

SPWOM — SPI Wired-OR Mode Bit
This read/write bit configures pins SPSCK, MOSI, and MISO so that these pins become open-drain
outputs.
1 = Wired-OR SPSCK, MOSI, and MISO pins
0 = Normal push-pull SPSCK, MOSI, and MISO pins

SPE — SPI Enable
This read/write bit enables the SPI module. Clearing SPE causes a partial reset of the SPI. (See 15.3.5
Resetting the SPI.)
1 = SPI module enabled
0 = SPI module disabled
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PR 4

Registers

In output compare mode (MSxB:MSxA = 0:0), writing to the high byte of the TIM channel x registers
(TCHxH) inhibits output compares until the low byte (TCHXxL) is written.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
) Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after reset
Figure 16-14. TIM Channel x Register High (TCHxH)
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: Indeterminate after reset

Figure 16-15. TIM Channel x Register Low (TCHxL)

MC68HC908QB8 Data Sheet, Rev. 3

Freescale Semiconductor

189



18.16 Timer Interface Module Characteristics

Timer Interface Module Characteristics

Characteristic Symbol Min Max Unit
Timer input capture pulse width(") try, b 2 — teye
Timer input capture period tr Note(® — teye
Timer input clock pulse width(") trew treH teyc +5 — ns

1. Values are based on characterization results, not tested in production.
2. The minimum period is the number of cycles it takes to execute the interrupt service routine plus 1 tgyc.

A

trirL

g ——]
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RISING EDGE

A

Y

trirL
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trL ——

A

trirL

try —

trL 4’{

INPUT CAPTURE
BOTH EDGES

trcH —|

TCLK

troL—

Figure 18-13. Timer Input Timing
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