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Memory

Data registers are shown in Figure 2-2. Table 2-1 is a list of vector locations.

$0000
¥

$003F

$0040
N

$043F

$0440
N

SO4FF

$0500
J
$057F

$0580
N
$1BFF

$1C00
J
$1D95
$1D96
¥
$BFFF
$C000
J
$FDFF
$FE0O
$FEO1
$FE02
$FEO03
$FE04
$FE05
$FE06
$FEQ7
$FE08
$FE09
$FEOA
$FEOB
$FEOC
$FEOD
J
$FEOF

I/0 REGISTERS
64 BYTES

RAM
1024 BYTES

RESERVED
128 BYTES

FLASH PROGRAMMING ROUTINES ROM
406 BYTES

FLASH MEMORY
15,872 BYTES

BREAK STATUS REGISTER (BSR)

SIM RESET STATUS REGISTER (SRSR)

BREAK AUXILIARY REGISTER (BRKAR)

BREAK FLAG CONTROL REGISTER (BFCR)

INTERRUPT STATUS REGISTER 1 (INT1)

(
INTERRUPT STATUS REGISTER 2 (INT2)
INTERRUPT STATUS REGISTER 3 (INT3)

RESERVED

FLASH CONTROL REGISTER (FLCR)

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)

BREAK STATUS AND CONTROL REGISTER (BRKSCR)

LVI STATUS REGISTER (LVISR)

Figure 2-1. Memory Map
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Addr.

$0029

$002A

$002B

$002C

$002D

$002E

$002F

$0030

$0031

$0032

$0033

$0034

Register Name

Timer 1 Channel 1
Register High (TICH1H)
See page 236.

Timer 1 Channel 1
Register Low (T1CH1L)
See page 236.

Timer 2 Status and Control
Register (T2SC)
See page 231.

Timer 2 Counter
Register High (T2CNTH)
See page 232.

Timer 2 Counter
Register Low (T2CNTL)
See page 232.

Timer 2 Counter Modulo
Register High (T2MODH)
See page 233.

Timer 2 Counter Modulo
Register Low (T2MODL)
See page 233.

Timer 2 Channel 0 Status and
Control Register (T2SCO)
See page 233.

Timer 2 Channel 0
Register High (T2CHOH)
See page 236.

Timer 2 Channel 0
Register Low (T2CHOL)
See page 236.

Timer 2 Channel 1 Status and
Control Register (T2SC1)
See page 234.

Timer 2 Channel 1
Register High (T2CH1H)
See page 236.

Freescale Semiconductor

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

Input/Output (I/0) Section

Bit7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset

TOF 0 0
TOIE TSTOP PS2 PS1 PS0
0 TRST
0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0
1 1 1 1 1 1 1 1
CHOF
5 CHOIE MS0B MSOA ELSOB ELSOA TOVO CHOMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
CHI1F 0
0 CH1IE MS1A ELS1B ELS1A TOVA CH1MAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
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Indeterminate after reset

lil = Reserved

U = Unaffected
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FLASH Memory (FLASH)

Programming tools are available from Freescale Semiconductor. Contact your local representative for
more information.

NOTE
A security feature prevents viewing of the FLASH contents.(")

2.6.1.1 FLASH Control Register
The FLASH control register (FLCR) controls FLASH program and erase operations.

Address:  $FE08

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
. HVEN MASS ERASE PGM
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 2-3. FLASH Control Register (FLCR)

HVEN — High-Voltage Enable Bit
This read/write bit enables the charge pump to drive high voltages for program and erase operations
in the array. HVEN can only be set if either PGM = 1 or ERASE = 1 and the proper sequence for
program or erase is followed.
1 = High voltage enabled to array and charge pump on
0 = High voltage disabled to array and charge pump off

MASS — Mass Erase Control Bit
Setting this read/write bit configures the 16-Kbyte FLASH array for mass erase operation.
1 = MASS erase operation selected
0 = PAGE erase operation selected

ERASE — Erase Control Bit
This read/write bit configures the memory for erase operation. ERASE is interlocked with the PGM bit

such that both bits cannot be equal to 1 or set to 1 at the same time.
1 = Erase operation selected
0 = Erase operation unselected

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

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

MC68HC908GR16 Data Sheet, Rev. 5.0
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Memory

2.6.1.5 FLASH Block 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 for protecting a block of memory from unintentional erase or program
operations due to system malfunction. This protection is done by using 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 at the bottom of the FLASH
memory ($FFFF). When the memory is protected, the HVEN bit cannot be set in either ERASE or
PROGRAM operations.

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 program 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, address ranges as shown in
2.6.1.6 FLASH Block Protect Register. Once the FLBPR is programmed with a value other than $FF or
$FE, 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 presence of a Vg1
on the IRQ pin will bypass the block protection so that all of the memory included in the block protect
register is open for program and erase operations.

NOTE
The FLASH block protect register is not protected with special hardware or
software. Therefore, if this page is not protected by FLBPR the register is
erased by either a page or mass erase operation.

2.6.1.6 FLASH Block Protect Register

The FLASH block protect register (FLBPR) is implemented as a byte within the FLASH memory, and
therefore can only be written during a programming sequence of the FLASH memory. The value in this
register determines the starting location of the protected range within the FLASH memory.

Address:  $FF7E

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

The resultant 16-bit address is used for specifying the start address of the FLASH memory for block
protection. The FLASH is protected from this start address to the end of FLASH memory, at $FFFF.
With this mechanism, the protect start address can be $XX00, $XX40, $XX80, and $XXCO0 (64 bytes
page boundaries) within the FLASH memory.

MC68HC908GR16 Data Sheet, Rev. 5.0
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FLASH Memory (FLASH)

16-BIT MEMORY ADDRESS

START ADDRESS OF FLASH e
e oot L1 [ 1] _FLBPRVALUE_ 1Jofofofoo]o]

Figure 2-6. FLASH Block Protect Start Address

Table 2-2. Examples of Protect Address Ranges

BPR[7:0] Addresses of Protect Range
$00 The entire FLASH memory is protected.
$01 (0000 0001) $C040 (1100 0000 0100 0000) — $FFFF
$02 (0000 0010) $C080 (1100 0000 1000 0000) — $FFFF
$03 (0000 0011) $COCO (1100 0000 1100 0000) — $FFFF
$04 (0000 0100) $C100 (1100 0001 0000 0000) — $FFFF
and so on...
$FC (1111 1100) $FF00 (1111 1111 0000 0000) — FFFF

$FF40 (1111 1111 0100 0000) — $FFFF
FLBPR and vectors are protected

$FF80 (1111 1111 1000 0000) — FFFF
Vectors are protected

$FD (1111 1101)

$FE (1111 1110)

$FF The entire FLASH memory is not protected.

2.6.2 Wait Mode

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

The WAIT instruction should not be executed while performing a program or erase operation on the
FLASH, otherwise the operation will discontinue, and the FLASH will be on standby mode.

2.6.3 Stop Mode

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

The STOP instruction should not be executed while performing a program or erase operation on the
FLASH, otherwise the operation will discontinue, and the FLASH will be on standby mode

NOTE
Standby mode is the power saving mode of the FLASH module in which all
internal control signals to the FLASH are inactive and the current
consumption of the FLASH is at a minimum.

MC68HC908GR16 Data Sheet, Rev. 5.0
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Analog-to-Digital Converter (ADC)

AIEN — ADC Interrupt Enable Bit
When this bit is set, an interrupt is generated at the end of an ADC conversion. The interrupt signal is
cleared when the data register is read or the status/control register is written. Reset clears the AIEN bit.
1 = ADC interrupt enabled
0 = ADC interrupt disabled

ADCO — ADC Continuous Conversion Bit
When set, the ADC will convert samples continuously and update the ADR register at the end of each
conversion. Only one conversion is completed between writes to the ADSCR when this bit is cleared.
Reset clears the ADCO bit.
1 = Continuous ADC conversion
0 = One ADC conversion

ADCH4-ADCHO — ADC Channel Select Bits
ADCH4-ADCHO form a 5-bit field which is used to select one of 16 ADC channels. Only eight
channels, AD7—-ADO, are available on this MCU. The channels are detailed in Table 3-1. Care should
be taken when using a port pin as both an analog and digital input simultaneously to prevent switching
noise from corrupting the analog signal. See Table 3-1.

The ADC subsystem is turned off when the channel select bits are all set to 1. This feature allows for
reduced power consumption for the MCU when the ADC is not being used.

NOTE
Recovery from the disabled state requires one conversion cycle to stabilize.

The voltage levels supplied from internal reference nodes, as specified in Table 3-1, are used to verify the
operation of the ADC converter both in production test and for user applications.

Table 3-1. Mux Channel Select(!)

ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select
0 0 0 0 0 PTBO/ADO
0 0 0 0 1 PTB1/AD1
0 0 0 1 0 PTB2/AD2
0 0 0 1 1 PTB3/AD3
0 0 1 0 0 PTB4/AD4
0 0 1 0 1 PTB5/AD5
0 0 1 1 0 PTB6/AD6
0 0 1 1 1 PTB7/AD7
0 1 0 0 0
\ \2 2 \ \2 Unused
1 1 1 0 0
1 1 1 0 1 VREFH
1 1 1 1 0 VRerL
1 1 1 1 1 ADC power off

1. If any unused channels are selected, the resulting ADC conversion will be unknown or
reserved.

MC68HC908GR16 Data Sheet, Rev. 5.0

54 Freescale Semiconductor



Functional Description

A RESET ‘L‘\
| ACK I
o TO CPU FOR
= —N Tor J—L/ > NETRUCTIONS
@ | DECODER
o
Q Voo
<<
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2 INTERNAL Voo _-
= PULLUP v L IRQF
i DEVICE
E 5 O
= IRQ
o SYNCHRONIZER [T
4L IRQ p CK | REQUEST
IMASK ’o

G -1

HIGH TO MODE
»| VOLTAGE » SELECT
DETECT LOGIC

Figure 8-2. 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:

e Vector fetch or software clear

* Return of the interrupt pin to 1

The vector fetch or software clear may occur before or after the interrupt pin returns to 1. 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 mask 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 Bit0
IRQ Status and Control 1€ad: 0 0 0 0 IRQF 0 IMASK MODE
$001D Register (INTSCR)  Write: ACK
Seepage 103. pege g 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 8-3. IRQ I/O Register Summary

MC68HC908GR16 Data Sheet, Rev. 5.0
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Keyboard Interrupt Module (KBI)

ACKK — Keyboard Acknowledge Bit
Writing a 1 to this write-only bit clears the keyboard interrupt request. 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. Reset clears the IMASKK bit.
1 = Keyboard interrupt requests masked
0 = Keyboard interrupt requests not masked

MODEK — Keyboard Triggering Sensitivity Bit
This read/write bit controls the triggering sensitivity of the keyboard interrupt pins. Reset clears
MODEK.
1 = Keyboard interrupt requests on falling edges and low levels
0 = Keyboard interrupt requests on falling edges only

9.7.2 Keyboard Interrupt Enable Register

The keyboard interrupt enable register enables or disables each port A pin to operate as a keyboard
interrupt pin.

Address: $001B

Bit7 6 5 4 3 2 1 Bit 0
Read:
. KBIE7 KBIEG KBIE5 KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-5. Keyboard Interrupt Enable Register (INTKBIER)

KBIE7-KBIEO — Keyboard Interrupt Enable Bits
Each of these read/write bits enables the corresponding keyboard interrupt pin to latch interrupt
requests. Reset clears the keyboard interrupt enable register.
1 = PTAX pin enabled as keyboard interrupt pin
0 = PTAx pin not enabled as keyboard interrupt pin

MC68HC908GR16 Data Sheet, Rev. 5.0
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Resets and Interrupts

13.3.2.9 KBD0-KBD?7 Pins

A 0 on a keyboard interrupt pin latches an external interrupt request.

13.3.2.10 Analog-to-Digital Converter (ADC)

When the AIEN bit is set, the ADC module is capable of generating a CPU interrupt after each ADC
conversion. The COCO bit is not used as a conversion complete flag when interrupts are enabled.
13.3.2.11 Timebase Module (TBM)

The timebase module can interrupt the CPU on a regular basis with a rate defined by TBR2-TBR0. When
the timebase counter chain rolls over, the TBIF flag is set. If the TBIE bit is set, enabling the timebase
interrupt, the counter chain overflow will generate a CPU interrupt request.

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

13.3.3 Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources. Table 13-2 summarizes the
interrupt sources and the interrupt status register flags that they set. The interrupt status registers can be
useful for debugging.

Table 13-2. Interrupt Source Flags

Interrupt Interrupt Status
Source Register Flag

Reset —

SWI instruction —

IRQ pin IF1

CGM change of lock IF2

TIM1 channel 0 IF3
TIM1 channel 1 IF4
TIM1 overflow IF5
TIM2 channel 0 IF6
TIM2 channel 1 IF7
TIM2 overflow IF8
SPI receive IF9
SPI transmit IF10
SCl error IF11
SCl receive IF12
SCI transmit IF13
Keyboard IF14
ADC conversion complete IF15
Timebase IF16

MC68HC908GR16 Data Sheet, Rev. 5.0
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Enhanced Serial Communications Interface (ESCI) Module

SCTE — ESCI Transmitter Empty Bit
This clearable, read-only bit is set when the SCDR transfers a character to the transmit shift register.
SCTE can generate an ESCI transmitter CPU interrupt request. When the SCTIE bit in SCC2 is set,
SCTE generates an ESCI transmitter CPU interrupt request. In normal operation, clear the SCTE bit
by reading SCS1 with SCTE set and then writing to SCDR. Reset sets the SCTE bit.
1 = SCDR data transferred to transmit shift register
0 = SCDR data not transferred to transmit shift register

TC — Transmission Complete Bit

This read-only bit is set when the SCTE bit is set, and no data, preamble, or break character is being
transmitted. TC generates an ESCI transmitter CPU interrupt request if the TCIE bit in SCC2 is also
set. TC is cleared automatically when data, preamble, or break is queued and ready to be sent. There
may be up to 1.5 transmitter clocks of latency between queueing data, preamble, and break and the
transmission actually starting. Reset sets the TC bit.

1 = No transmission in progress

0 = Transmission in progress

SCRF — ESCI Receiver Full Bit
This clearable, read-only bit is set when the data in the receive shift register transfers to the ESCI data
register. SCRF can generate an ESCI receiver CPU interrupt request. When the SCRIE bit in SCC2 is
set the SCRF generates a CPU interrupt request. In normal operation, clear the SCRF bit by reading
SCS1 with SCRF set and then reading the SCDR. Reset clears SCRF.
1 = Received data available in SCDR
0 = Data not available in SCDR

IDLE — Receiver Idle Bit

This clearable, read-only bit is set when 10 or 11 consecutive 1s appear on the receiver input. IDLE
generates an ESCI receiver CPU interrupt request if the ILIE bit in SCC2 is also set. Clear the IDLE
bit by reading SCS1 with IDLE set and then reading the SCDR. After the receiver is enabled, it must
receive a valid character that sets the SCRF bit before an idle condition can set the IDLE bit. Also, after
the IDLE bit has been cleared, a valid character must again set the SCRF bit before an idle condition
can set the IDLE bit. Reset clears the IDLE bit.

1 = Receiver input idle

0 = Receiver input active (or idle since the IDLE bit was cleared)

OR — Receiver Overrun Bit

This clearable, read-only bit is set when software fails to read the SCDR before the receive shift
register receives the next character. The OR bit generates an ESCI error CPU interrupt request if the
ORIE bit in SCC3 is also set. The data in the shift register is lost, but the data already in the SCDR is
not affected. Clear the OR bit by reading SCS1 with OR set and then reading the SCDR. Reset clears
the OR bit.

1 = Receive shift register full and SCRF = 1

0 = No receiver overrun

Software latency may allow an overrun to occur between reads of SCS1 and SCDR in the flag-clearing
sequence. Figure 14-14 shows the normal flag-clearing sequence and an example of an overrun
caused by a delayed flag-clearing sequence. The delayed read of SCDR does not clear the OR bit
because OR was not set when SCS1 was read. Byte 2 caused the overrun and is lost. The next
flag-clearing sequence reads byte 3 in the SCDR instead of byte 2.
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Transmission Formats
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Figure 16-6. CPHA/SS Timing

16.5.3 Transmission Format When CPHA =1

Figure 16-7 shows an SPI transmission in which CPHA is 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 since 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 at 0, 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 I/O not affecting the SPI. (See
16.7.2 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.

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 register after the current transmission.

SPSCK CYCLE #
FOR REFERENCE L 2 3 4 5 6 ! 8

SPSCK; CPOL =0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

| | | | | | | |

ERoM MASIQS! XXX vse_) BiTe ) BITs ) BIT4 ) BITs ) B2 ) BIT1 ) LB

EroM o isR — (I e X BIT6 X BIT5 Y BIT4 Y BIT3 Y BIT2 X BIT1 §  LSB

I
%;TOSLAVE—\““““““““‘/‘_

CAPTURE STROBE T T T T T T T T

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

16.5.4 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
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Serial Peripheral Interface (SPI) Module
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Figure 16-12. SPI Interrupt Request Generation

16.9 Resetting the SPI

Any system reset completely resets the SPI. Partial resets occur whenever the SPI enable bit (SPE) is
low. Whenever SPE is low, the following occurs:

* The SPTE flag is set.

* Any transmission currently in progress is aborted.

* The shift register is cleared.

* The SPI state counter is cleared, making it ready for a new complete transmission.
* All the SPI port logic is defaulted back to being general-purpose /0.

These items are reset only by a system reset:
* All control bits in the SPCR register
e All control bits in the SPSCR register (MODFEN, ERRIE, SPR1, and SPRO0)
* The status flags SPRF, OVRF, and MODF

By not resetting the control bits when SPE is low, the user can clear SPE between transmissions without
having to set all control bits again when SPE is set back high for the next transmission.

By not resetting the SPRF, OVRF, and MODF flags, the user can still service these interrupts after the
SPI has been disabled. The user can disable the SPI by writing 0 to the SPE bit. The SPI can also be
disabled by a mode fault occurring in an SPI that was configured as a master with the MODFEN bit set.

16.10 Low-Power Modes
The WAIT and STOP instructions put the MCU in low power-consumption standby modes.
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Serial Peripheral Interface (SPI) Module

16.12.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmits serial data. In full duplex operation, the MISO pin
of the master SPI module is connected to the MISO pin of the slave SPI module. The master SPI
simultaneously receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is configured as a slave. The SPI is
configured as a slave when its SPMSTR bit is 0 and its SS pin is at 0. To support a multiple-slave system,
a 1 on the SS pin puts the MISO pin in a high-impedance state.

When enabled, the SPI controls data direction of the MISO pin regardless of the state of the data direction
register of the shared I/O port.

16.12.2 MOSI (Master Out/Slave In)

MQOSiI is one of the two SPI module pins that transmits serial data. In full-duplex operation, the MOSI pin
of the master SPI module is connected to the MOSI pin of the slave SPI module. The master SPI
simultaneously transmits data from its MOSI pin and receives data on its MISO pin.

When enabled, the SPI controls data direction of the MOSI pin regardless of the state of the data direction
register of the shared I/O port.

16.12.3 SPSCK (Serial Clock)

The serial clock synchronizes data transmission between master and slave devices. In a master MCU,
the SPSCK pin is the clock output. In a slave MCU, the SPSCK pin is the clock input. In full-duplex
operation, the master and slave MCUs exchange a byte of data in eight serial clock cycles.

When enabled, the SPI controls data direction of the SPSCK pin regardless of the state of the data
direction register of the shared I/O port.

16.12.4 SS (Slave Select)

The SS pin has various functions depending on the current state of the SPI. For an SPI configured as a
slave, the SS is used to select a slave. For CPHA = 0, the SS is used to define the start of a transmission.
(See 16.5 Transmission Formats.) Since it is used to indicate the start of a transmission, the SS must be
toggled high and low between each byte transmitted for the CPHA = 0 format. However, it can remain low
between transmissions for the CPHA = 1 format. See Figure 16-13.

misomos | BYTE 1 \ BYTE 2 \ BYTE 3 |
MASTER 55 -/ .
SLAVE =s_g — N N I
B r

Figure 16-13. 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 I/O regardless of the state of the MODFEN control bit. However, the MODFEN bit can
still prevent the state of the SS from creating a MODF error. See 16.13.2 SPI Status and Control Register.
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Chapter 17
Timebase Module (TBM)

17.1 Introduction

This section describes the timebase module (TBM). The TBM will generate periodic interrupts at user
selectable rates using a counter clocked by the external clock source. This TBM version uses 15 divider
stages, eight of which are user selectable. A configuration option bit to select an additional 128 divide of
the external clock source can be selected. See Chapter 5 Configuration Register (CONFIG)

17.2 Features

Features of the TBM module include:
* External clock or an additional divide-by-128 selected by configuration option bit as clock source
* Software configurable periodic interrupts with divide-by: 8, 16, 32, 64, 128, 2048, 8192, and 32768
taps of the selected clock source
* Configurable for operation during stop mode to allow periodic wakeup from stop

17.3 Functional Description

This module can generate a periodic interrupt by dividing the clock source supplied from the clock
generator module, CGMXCLK.

The counter is initialized to all 0s when TBON bit is cleared. The counter, shown in Figure 17-1, starts
counting when the TBON bit is set. When the counter overflows at the tap selected by TBR2-TBRO, the
TBIF bit gets set. If the TBIE bit is set, an interrupt request is sent to the CPU. The TBIF flag is cleared
by writing a 1 to the TACK bit. The first time the TBIF flag is set after enabling the timebase module, the
interrupt is generated at approximately half of the overflow period. Subsequent events occur at the exact
period.

The timebase module may remain active after execution of the STOP instruction if the crystal oscillator
has been enabled to operate during stop mode through the OSCENINSTOP bit in the configuration
register. The timebase module can be used in this mode to generate a periodic wakeup from stop mode.

17.4 Interrupts

The timebase module can periodically interrupt the CPU with a rate defined by the selected TBMCLK and
the select bits TBR2-TBRO0. When the timebase counter chain rolls over, the TBIF flag is set. If the TBIE
bit is set, enabling the timebase interrupt, the counter chain overflow will generate a CPU interrupt
request.

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

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on compare) to the edge/level
select bits, ELSxB:ELSxA. The output action on compare must force the output to the
complement of the pulse width level. See Table 18-3.

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 TIM status control register (TSC), clear the TIM stop bit, TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered PWM operation. The TIM channel
0 registers (TCHOH:TCHOL) initially control the buffered PWM output. TIM status control register O
(TSCRO) controls and monitors the PWM signal from the linked channels.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on TIM overflows. Subsequent output
compares try to force the output to a state it is already in and have no effect. The result is a 0% duty cycle
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the TOVx bit generates a 100% duty
cycle output. See 18.9.4 TIM Channel Status and Control Registers.

18.5 Interrupts

The following TIM sources can generate interrupt requests:

* TIM overflow flag (TOF) — The TOF bit is set when the TIM counter reaches the modulo value
programmed in the TIM counter modulo registers. The TIM overflow interrupt enable bit, TOIE,
enables TIM overflow CPU interrupt requests. TOF and TOIE are in the TIM status and control
register.

* TIM channel flags (CH1F:CHOF) — The CHXxF bit is set when an input capture or output compare
occurs on channel x. Channel x TIM CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHxIE. Channel x TIM CPU interrupt requests are enabled when CHXIE = 1.
CHxF and CHXIE are in the TIM channel x status and control register.

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

18.6.1 Wait Mode

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

If TIM functions are not required during wait mode, reduce power consumption by stopping the TIM before
executing the WAIT instruction.
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Timer Interface Module (TIM)

Address: T1SC1, $0028 and T2SC1, $0033

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
. CH1IE MS1A ELS1B ELS1A TOV1 CH1IMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 18-11. TIM Channel 1 Status and Control Register (TSC1)

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

When TIM CPU interrupt requests are enabled (CHXIE = 1), clear CHxF by reading TIM channel x
status and control 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.
Reset clears the CHxF bit. 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 TIM CPU interrupt service requests on channel x. Reset clears the CHxIE
bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TIM1
channel 0 and TIM2 channel 0 status and control registers.

Setting MSOB disables the channel 1 status and control register and reverts TCH1 to general-purpose
I/O.
Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:A = 00, this read/write bit selects either input capture operation or unbuffered output
compare/PWM operation. See Table 18-3.
1 = Unbuffered output compare/PWM operation
0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level of the TCHx pin. See Table 18-3.
Reset clears the MSxA bit.

1 = Initial output level low

0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set
the TSTOP and TRST bits in the TIM status and control register (TSC).
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