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General Description

These port pins also have selectable pullups when configured for input mode. The pullups are disengaged
when configured for output mode. The pullups are selectable on an individual port bit basis.

1.5.12 Port E I/O Pins (PTE5-PTE2, PTE1/RxD, and PTEO/TxD)

PTE5—-PTEO are general-purpose, bidirectional I/O port pins. PTE1 and PTEO can also be programmed
to be enhanced serial communications interface (ESCI) pins. PTE5—PTE2 are only available on the
48-pin LQFP package. See Chapter 15 Enhanced Serial Communications Interface (ESCI) Module and
Chapter 13 Input/Output (I/0O) Ports.

1.6 Unused Pin Termination

Input pins and I/O port pins that are not used in the application must be terminated. This prevents excess
current caused by floating inputs, and enhances immunity during noise or transient events. Termination
methods include:

1. Configuring unused pins as outputs and driving high or low;
2. Configuring unused pins as inputs and enabling internal pull-ups;
3. Configuring unused pins as inputs and using external pull-up or pull-down resistors.

Never connect unused pins directly to Vpp or Vgg.

Since some general-purpose I/O pins are not available on all packages, these pins must be terminated
as well. Either method 1 or 2 above are appropriate.
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FLASH Memory (FLASH)

The address ranges for the user memory and vectors are:
e $CO000-$FDFF; user memory
e $FEO08; FLASH control register
e $FF7E; FLASH block protect register
e S$FFD4-$FFFF; these locations are reserved for user-defined interrupt and reset vectors

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

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

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

Address:  $FE08

Bit7 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.
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Analog-to-Digital Converter (ADC)

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 2 Unused
1 1 1 0 0
1 1 1 0 1 VReFH
1 1 1 1 0 VREFL
1 1 1 1 1 ADC power off

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

The following conditions apply when in manual mode:

ACQ is a writable control bit that controls the mode of the filter. Before turning on the PLL in manual
mode, the ACQ bit must be clear.

Before entering tracking mode (ACQ = 1), software must wait a given time, tacq (See 4.8
Acquisition/Lock Time Specifications.), after turning on the PLL by setting PLLON in the PLL
control register (PCTL).

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

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

4.3.6 Programming the PLL

Use the following procedure to program the PLL. For reference, the variables used and their meaning are
shown in Table 4-1.

Table 4-1. Variable Definitions

Variable Definition
fBusDES Desired bus clock frequency
fycLKDES Desired VCO clock frequency
froLk Chosen reference crystal frequency
fvcLk Calculated VCO clock frequency
faus Calculated bus clock frequency
fnom Nominal VCO center frequency
fvRrs Programmed VCO center frequency
NOTE

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

Choose the desired bus frequency, fgyspes-

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

fycLkpes = 4 X fBusDES

Choose a practical PLL (crystal) reference frequency, frc k- Typically, the reference crystal is 1-8
MHz.

Frequency errors to the PLL are corrected at a rate of fgg k-

For stability and lock time reduction, this rate must be as fast as possible. The VCO frequency must
be an integer multiple of this rate. The relationship between the VCO frequency, fyc k, and the
reference frequency, fro k. is:

fvcrk = (N) (froLk)

N, the range multiplier, must be an integer.
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CGM Registers

VPR1 and VPR0O — VCO Power-of-Two Range Select Bits
These read/write bits control the VCO’s hardware power-of-two range multiplier E that, in conjunction
with L controls the hardware center-of-range frequency, fyrs. VPR1:VPRO cannot be written when the
PLLON bit is set. Reset clears these bits. (See 4.3.3 PLL Circuits, 4.3.6 Programming the PLL, and
4.5.5 PLL VCO Range Select Register.)

Table 4-4. VPR1 and VPRO Programming

VPR1 and VPRO E Vgﬁ’n’;‘e’"{,ﬁ.’ﬁ;’.w
00 0 !
01 1 2
10 2 4

1. Do not program E to a value of 3.

NOTE
Verify that the value of the VPR1 and VPRO bits in the PCTL register are
appropriate for the given reference and VCO clock frequencies before
enabling the PLL. See 4.3.6 Programming the PLL for detailed instructions
on selecting the proper value for these control bits.

4.5.2 PLL Bandwidth Control Register
The PLL bandwidth control register (PBWC):
e Selects automatic or manual (software-controlled) bandwidth control mode
* Indicates when the PLL is locked
* In automatic bandwidth control mode, indicates when the PLL is in acquisition or tracking mode
* In manual operation, forces the PLL into acquisition or tracking mode

Address:  $0037

Bit 7 6 5 4 3 2 1 Bit 0
Read: LOCK __ 0 0 0 0
. AUTO ACQ R
Write:
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented |I| = Reserved

Figure 4-5. PLL Bandwidth Control Register (PBWC)

AUTO — Automatic Bandwidth Control Bit
This read/write bit selects automatic or manual bandwidth control. When initializing the PLL for manual
operation (AUTO = 0), clear the ACQ bit before turning on the PLL. Reset clears the AUTO bit.
1 = Automatic bandwidth control
0 = Manual bandwidth control
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CGM Registers

4.5.4 PLL Multiplier Select Register Low

The PLL multiplier select register low (PMSL) contains the programming information for the low byte of
the modulo feedback divider.

Address:  $0038

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. MUL7 MUL6 MUL5 MUL4 MUL3 MUL2 MULA1 MULO
Write:
Reset: 0 1 0 0 0 0 0 0

Figure 4-7. PLL Multiplier Select Register Low (PMSL)

NOTE
For applications using 1-8 MHz reference frequencies this register must be
reprogrammed before enabling the PLL. The reset value of this register will
cause applications using 1-8 MHz reference frequencies to become
unstable if the PLL is enabled without programming an appropriate value.
The programmed value must not allow the VCO clock to exceed 32 MHz.
See 4.3.6 Programming the PLL for detailed instructions on choosing the
proper value for PMSL.
MUL7-MULO — Multiplier Select Bits
These read/write bits control the low byte of the modulo feedback divider that selects the VCO
frequency multiplier, N. (See 4.3.3 PLL Circuits and 4.3.6 Programming the PLL.) MUL7-MULO cannot
be written when the PLLON bit in the PCTL is set. A value of $0000 in the multiplier select registers
configures the modulo feedback divider the same as a value of $0001. Reset initializes the register to
$40 for a default multiply value of 64.
NOTE
The multiplier select bits have built-in protection such that they cannot be
written when the PLL is on (PLLON = 1).

4.5.5 PLL VCO Range Select Register

NOTE
PMRS may be called PVRS on other HCO8 derivatives.

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

Address:  $003A

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRS0
rite:
Reset: 0 1 0 0 0 0 0 0

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

10.3 Break Module (BRK)

10.3.1 Wait Mode

If enabled, the break (BRK) module is active in wait mode. In the break routine, the user can subtract one
from the return address on the stack if the SBSW bit in the break status register is set.

10.3.2 Stop Mode

The break module is inactive in stop mode. The STOP instruction does not affect break module register
states.

10.4 Central Processor Unit (CPU)

10.4.1 Wait Mode

The WAIT instruction:
* Clears the interrupt mask (I bit) in the condition code register, enabling interrupts. After exit from
wait mode by interrupt, the | bit remains clear. After exit by reset, the | bit is set.
e Disables the CPU clock

10.4.2 Stop Mode

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

After exiting stop mode, the CPU clock begins running after the oscillator stabilization delay.

10.5 Clock Generator Module (CGM)

10.5.1 Wait Mode

The clock generator module (CGM) remains active in wait mode. Before entering wait mode, software can
disengage and turn off the PLL by clearing the BCS and PLLON bits in the PLL control register (PCTL).
Less power-sensitive applications can disengage the PLL without turning it off. Applications that require
the PLL to wake the MCU from wait mode also can deselect the PLL output without turning off the PLL.

10.5.2 Stop Mode

If the OSCSTOPEN bit in the CONFIG register is cleared (default), then the STOP instruction disables
the CGM (oscillator and phase-locked loop) and holds low all CGM outputs (CGMXCLK, CGMOUT, and
CGMINT).

If the OSCSTOPEN bit in the CONFIG register is set, then the phase locked loop is shut off, but the
oscillator will continue to operate in stop mode.
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Message Storage

MSCANO08 CPUO08 | BUS
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Figure 12-3. User Model for Message Buffer Organization

12.4.3 Transmit Structures

The MSCANO8 has a triple transmit buffer scheme to allow multiple messages to be set up in advance
and to achieve an optimized real-time performance. The three buffers are arranged as shown in
Figure 12-3.

All three buffers have a 13-byte data structure similar to the outline of the receive buffers (see 12.12
Programmer’s Model of Message Storage). An additional transmit buffer priority register (TBPR) contains
an 8-bit “local priority” field (PRIO) (see 12.12.5 Transmit Buffer Priority Registers).

MC68HC908GZ16 « MC68HC908GZ8 Data Sheet, Rev. 4

Freescale Semiconductor 125



Interrupts

12.6 Interrupts

The MSCANO8 supports four interrupt vectors mapped onto eleven different interrupt sources, any of
which can be individually masked. For details, see 12.13.5 MSCANO8 Receiver Flag Register (CRFLG)
through 12.13.8 MSCANO08 Transmitter Control Register.
1. Transmit Interrupt. At least one of the three transmit buffers is empty (not scheduled) and can be
loaded to schedule a message for transmission. The TXE flags of the empty message buffers are

set.

2. Receive Interrupt. A message has been received successfully and loaded into the foreground
receive buffer. This interrupt will be emitted immediately after receiving the EOF symbol. The RXF
flag is set.

3. Wakeup Interrupt. An activity on the CAN bus occurred during MSCANOS internal sleep mode or
power-down mode (provided SLPAK = WUPIE = 1).

4. Error Interrupt. An overrun, error, or warning condition occurred. The receiver flag register
(CRFLG) will indicate one of the following conditions:

Overrun: An overrun condition as described in 12.4.2 Receive Structures, has occurred.
Receiver Warning: The receive error counter has reached the CPU warning limit of 96.
Transmitter Warning: The transmit error counter has reached the CPU warning limit of 96.
Receiver Error Passive: The receive error counter has exceeded the error passive limit of 127
and MSCANO8 has gone to error passive state.

Transmitter Error Passive: The transmit error counter has exceeded the error passive limit of
127 and MSCANO8 has gone to error passive state.

Bus Off. The transmit error counter has exceeded 255 and MSCANO8 has gone to bus off state.

12.6.1 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in either the MSCANO8 receiver flag
register (CRFLG) or the MSCANO8 transmitter flag register (CTFLG). Interrupts are pending as long as
one of the corresponding flags is set. The flags in the above registers must be reset within the interrupt
handler in order to handshake the interrupt. The flags are reset through writing a ‘1’ to the corresponding
bit position. A flag cannot be cleared if the respective condition still prevails.

NOTE
Bit manipulation instructions (BSET) shall not be used to clear interrupt
flags.

12.6.2 Interrupt Vectors

The MSCANOS8 supports four interrupt vectors as shown in Table 12-1. The vector addresses and the
relative interrupt priority are dependent on the chip integration and to be defined.
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Port B

Address:  $0005
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRBH1 DDRBO0
fite:
Reset: 0 0 0 0 0 0 0 0

Figure 13-7. Data Direction Register B (DDRB)

DDRB7-DDRBO0 — Data Direction Register B Bits
These read/write bits control port B data direction. Reset clears DDRB7-DDRBO, configuring all port
B pins as inputs.
1 = Corresponding port B pin configured as output
0 = Corresponding port B pin configured as input

NOTE
Avoid glitches on port B pins by writing to the port B data register before
changing data direction register B bits from 0 to 1.

Figure 13-8 shows the port B I/O logic.

2"\ READ DDRB ($0005)
WRITE DDRB ($0005)
9 " DDRBX
2 RESET — ‘
<C
=
3 WRITE PTB ($0001)
= > PTBx *» p—> PTBx
o
NN )
'é 3
READ PTB ($0001) }/\
N ‘

Figure 13-8. Port B I/O Circuit

When bit DDRBXx is a logic 1, reading address $0001 reads the PTBx data latch. When bit DDRBx is a
logic 0, reading address $0001 reads the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 13-3 summarizes the operation of the port B pins.

Table 13-3. Port B Pin Functions

Accesses to DDRB

Accesses to PTB

DDRB PTB I/ Pin
Bit Bit Mode Read/Write Read Write
0 x(1) Input, Hi-Z® DDRB7-DDRBO Pin PTB7-PTBO®)
1 X Output DDRB7-DDRBO PTB7-PTBO PTB7-PTBO

1. X =Don’t care

2. Hi-Z = High impedance
3. Writing affects data register, but does not affect input.

Freescale Semiconductor
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Exception Control

16.5.1.2 SWI Instruction

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

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

16.5.1.3 Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources. Table 16-3 summarizes the
interrupt sources and the interrupt status register flags that they set. The interrupt status registers can be
useful for debugging.

Table 16-3. Interrupt Sources

Priority Interrupt Source Interrupt Status Register Flag
Highest Reset —
A SWI instruction —
IRQ pin 1
CGM clock monitor 12
TIM1 channel 0 13
TIM1 channel 1 14
TIM1 overflow 15
TIM2 channel 0 16
TIM2 channel 1 17
TIM2 overflow 18
SPI receiver full 19
SPI ransmitter empty 110
SCl receive error 111
SCl receive 12
SCI transmit 113
Keyboard 114
ADC conversion complete 115
Timebase module 116
MSCANO08 wakeup 117
MSCANO8 error 118
v MSCANOS receive 119
Lowest MSCANO8 transmit 120
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Functional Description

17.4 Functional Description

Figure 17-2 summarizes the SPI I/O registers and Figure 17-3 shows the structure of the SPI module.

The SPI module allows full-duplex, synchronous, serial communication between the MCU and peripheral
devices, including other MCUs. Software can poll the SPI status flags or SPI operation can be interrupt
driven.

If a port bit is configured for input, then an internal pullup device may be enabled for that port bit. See
13.5.3 Port C Input Pullup Enable Register.

The following paragraphs describe the operation of the SPI module.

Addr. Register Name Bit7 6 5 4 3 2 1 Bit0
: Read:
SPI Control Register ™ gppje R SPMSTR | CPOL | CPHA | SPWOM | SPE SPTIE
$0010 (SPCR) Write:
Seepage 247. Reget: 0 0 1 0 1 0 0 0
Pl Status and Control Re28| SPRE [ [ OVRF [ mooF | sPtE | [ SPRO
$0011 Register (SPSCR)  Write:
Seepage 249. pecet g 0 0 0 1 0 0 0
SPI Data Register Feact| A7 R6 R5 R4 R3 R2 Ri RO
$0012 (SPDR) Write:| 17 T6 T5 T4 T3 T2 T1 70
See page 250. Raget. Unaffected by reset

IIl = Reserved I:l = Unimplemented

Figure 17-2. SPI I/0O Register Summary

17.4.1 Master Mode

The SPI operates in master mode when the SPI master bit, SPMSTR, is set.

NOTE
Configure the SPI modules as master or slave before enabling them.
Enable the master SPI before enabling the slave SPI. Disable the slave SPI
before disabling the master SPI. See 17.13.1 SPI Control Register.

Only a master SPI module can initiate transmissions. Software begins the transmission from a master SPI
module by writing to the transmit data register. If the shift register is empty, the byte immediately transfers
to the shift register, setting the SPI transmitter empty bit, SPTE. The byte begins shifting out on the MOSI
pin under the control of the serial clock. See Figure 17-4.

The SPR1 and SPRO bits control the baud rate generator and determine the speed of the shift register.
(See 17.13.2 SPI Status and Control Register.) Through the SPSCK pin, the baud rate generator of the
master also controls the shift register of the slave peripheral.

As the byte shifts out on the MOSI pin of the master, another byte shifts in from the slave on the master’s
MISO pin. The transmission ends when the receiver full bit, SPRF, becomes set. At the same time that
SPRF becomes set, the byte from the slave transfers to the receive data register. In normal operation,
SPRF signals the end of a transmission. Software clears SPRF by reading the SPI status and control
register with SPRF set and then reading the SPI data register. Writing to the SPI data register clears the
SPTE bit.
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Error Conditions

In this case, an overflow can be missed easily. Since no more SPRF interrupts can be generated until this
OVREF is serviced, it is not obvious that bytes are being lost as more transmissions are completed. To
prevent this, either enable the OVRF interrupt or do another read of the SPSCR following the read of the
SPDR. This ensures that the OVRF was not set before the SPRF was cleared and that future
transmissions can set the SPRF bit. Figure 17-11 illustrates this process. Generally, to avoid this second
SPSCR read, enable the OVRF to the CPU by setting the ERRIE bit.

17.7.2 Mode Fault Error

Setting the SPMSTR bit 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 preventﬂDI pin contention and damage to the MCU, a mode fault error occurs if:
* 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.

BYTE 1 BYTE 2 BYTE 3 BYTE 4

SPI RECEIVE ¢® #@ ¢® #@

COMPLETE

OVRF / \
B O e e e @

READ
SPoR @ & e /@
(1) BYTE 1 SETS SPRF BIT. (8) CPU READS BYTE 2 IN SPDR,
CLEARING SPRF BIT.
(2) CPUREADS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. (9) CPU READS SPSCR AGAIN
(3) CPU READS BYTE 1 IN SPDR, TO CHECK OVRF BIT.
CLEARING SPRF BIT. (10) CPU READS BYTE 2 SPDR,
(4) CPUREADS SPSCR AGAIN CLEARING OVRF BIT.
TO CHECK OVRF BIT. (11) BYTE 4 SETS SPRF BIT.
@ BYTE 2 SETS SPRF BIT. @ CPU READS SPSCR.
(6) CPUREADS SPSCR WITH SPRF BIT SET :
" AND OVRF BIT CLEAR, @® P Y TE 1IN SPDR,
(7) BYTE 3 SETS OVRF BIT. BYTE 31S LOST. (19 CPU READS SPSCR AGAIN
TO CHECK OVRF BIT.

Figure 17-11. Clearing SPRF When OVREF Interrupt Is Not Enabled
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Chapter 19
Timer Interface Module (TIM)

19.1 Introduction

This section describes the timer interface (TIM) module. The TIM is a two-channel timer that provides a
timing reference with input capture, output compare, and pulse-width-modulation functions. Figure 19-1

is a block diagram of the TIM.

This particular MCU has two timer interface modules which are denoted as TIM1 and TIM2.

E:”;E(:Fi’\é%LK —|  PRESCALER
4? A
TSTOP
TRST >
\
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| ps2 | pst | pso |

IYY

1
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Y
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\

A

CHOF
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[
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Figure 19-1. TIM Block Diagram
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Figure 19-2. Block Diagram Highlighting TIM Block and Pins
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I/0 Registers

19.9.1 TIM Status and Control Register

The TIM status and control register (TSC):
e Enables TIM overflow interrupts
* Flags TIM overflows
e Stops the TIM counter
* Resets the TIM counter
* Prescales the TIM counter clock

Address: T1SC, $0020 and T2SC, $002B

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
Wite: 0 TOIE TSTOP TRST PS2 PS1 PS0
Reset: 0 0 1 0 0 0 0 0

|:| = Unimplemented

Figure 19-5. TIM Status and Control Register (TSC)

TOF — TIM Overflow Flag Bit
This read/write flag is set when the TIM counter reaches the modulo value programmed in the TIM
counter modulo registers. Clear TOF by reading the TIM status and control register when TOF is set
and then writing a logic 0 to TOF. If another TIM overflow occurs before the clearing sequence is
complete, then writing logic 0 to TOF has no effect. Therefore, a TOF interrupt request cannot be lost
due to inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic 1 to TOF has no effect.
1 = TIM counter has reached modulo value
0 = TIM counter has not reached modulo value

TOIE — TIM Overflow Interrupt Enable Bit
This read/write bit enables TIM overflow interrupts when the TOF bit becomes set. Reset clears the
TOIE bit.
1 = TIM overflow interrupts enabled
0 = TIM overflow interrupts disabled

TSTOP — TIM Stop Bit
This read/write bit stops the TIM counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the TIM counter until software clears the TSTOP bit.
1 = TIM counter stopped
0 = TIM counter active

NOTE
Do not set the TSTORP bit before entering wait mode if the TIM is required
to exit wait mode.

TRST — TIM Reset Bit
Setting this write-only bit resets the TIM counter and the TIM prescaler. Setting TRST has no effect on
any other registers. Counting resumes from $0000. TRST is cleared automatically after the TIM
counter is reset and always reads as logic 0. Reset clears the TRST bit.
1 = Prescaler and TIM counter cleared
0 = No effect

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIM counter at
a value of $0000.
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Electrical Specifications
Characteristic“) Symbol Min Typ(z) Max Unit

Monitor mode entry voltage Vst Vpp+2.5 — Vpp + 4.0 Vv

Low-voltage inhibit, trip falling voltage V1RiPF 3.90 4.25 4.50 \

Low-voltage inhibit, trip rising voltage V1RIPR 4.20 4.35 4.60 \

Low-voltage inhibit reset/recover hysteresis

Y : Viys =V Y Vhys — 100 — mvV
(V1riPE + VHys = VTRIPR)

POR rearm voltage('?) Vpor 0 — 100 mv

POR reset voltage('®) VPORRST 0 700 800 mV

POR rise time ramp rate('%) Rpor 0.035 — — V/ms

1. Vpp = 5.0 Vdc + 10%, Vgg = 0 Vdc, Tp = Ta (min) to T (max), unless otherwise noted

2. Typical values reflect average measurements at midpoint of voltage range, 25°C only.

3. Run (operating) Ipp measured using external square wave clock source (fogc = 32 MHz). All inputs 0.2 V from rail. No dc
loads. Less than 100 pF on all outputs. C_ = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly
affects run Ipp. Measured with all modules enabled.

4. Wait Ipp measured using external square wave clock source (fogc = 32 MHz). All inputs 0.2 V from rail. No dc loads. Less
than 100 pF on all outputs. C_ = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly affects wait
Ipp. Measured with CGM and LVI enabled.

5. Stop Ipp is measured with OSC1 = Vgg. All inputs 0.2 V from rail. No dc loads. Less than 100 pF on all outputs. All ports
configured as inputs. Typical values at midpoint of voltage range, 25°C only.

6. Stop Ipp with TBM enabled is measured using an external square wave clock source (fogc = 8 MHz). All inputs 0.2 V from
rail. No dc loads. Less than 100 pF on all outputs. All inputs configured as inputs.

7. This parameter is characterized and not tested on each device.

8. All functional non-supply pins are internally clamped to Vgg and Vpp.

9. Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,
calculate resistance values for positive and negative clamp voltages, then use the larger of the two values.

10. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current
conditions. If positive injection current (V;, > Vpp) is greater than Ipp, the injection current may flow out of Vpp and could
result in external power supply going out of regulation. Ensure external Vpp load will shunt current greater than maximum
injection current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock
is present, or if clock rate is very low (which would reduce overall power consumption).

11. Pullups and pulldowns are disabled. Port B leakage is specified in 21.10 5.0-Volt ADC Characteristics.

12. Maximum is highest voltage that POR is guaranteed.

13. Maximum is highest voltage that POR is possible.

14. If minimum Vpp is not reached before the internal POR reset is released, RST must be driven low externally until minimum
Vpp is reached.
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3.3-Volt SPI Characteristics

SS —
INPUT SS PIN OF MASTER HELD HIGH

SPSCK OUTPUT
cPoL=0 _NOTE N\

AN
S T -

MISO (
INPUT

- s

Ut N\ MASTER MSB OUT BITS 6-1 : MASTER LSB OUT (

Note: This first clock edge is generated internally, but is not seen at the SPSCK pin.

a) SPI Master Timing (CPHA = 0)

SS —
INPUT SS PIN OF MASTER HELD HIGH

SPSCK OUTPUT e 1\

CPOL=0 / @) N\ / NoTe

SPSCK OUTPUT
CPOL = 1 \" @ 'H @ UN_\ \\ NOTE
~<(6)»
MISO
‘4— A1) o | -
MOS| N
OUTPUT \F MASTER MSB OUT BITS 6-1 N MASTERLSBOUT /'

Note: This last clock edge is generated internally, but is not seen at the SPSCK pin.

b) SPI Master Timing (CPHA = 1)

Figure 21-2. SPI Master Timing
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Timer Interface Module Characteristics

21.14 Timer Interface Module Characteristics

Characteristic Symbol Min Max Unit
Timer input capture pulse width try, b 2 — teye
Timer Input capture period Tl Note(? — tove
1. The minimum period is the number of cycles it takes to execute the interrupt service routine plus 1 tcyc.
- trrL >
by — ’4*
INPUT CAPTURE
RISING EDGE
- trrL >
L — -
INPUT CAPTURE
FALLING EDGE
- trTL
tTH —> }(‘ tTL 4’{ —
INPUT CAPTURE
BOTH EDGES
Figure 21-4. Input Capture Timing
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$0000

$003F
$0040

$043F
$0440

$O4FF
$0500

$057F
$0580

$1BFF
$1C00

$1D95
$1D96

$DFFF
$E000

$FDFF
$FE00
$FEOT
$FE02

I/0 REGISTERS
64 BYTES

RAM
1024 BYTES

UNIMPLEMENTED
192 BYTES

MSCAN08 CONTROL AND MESSAGE BUFFER
128 BYTES

UNIMPLEMENTED
5760 BYTES

FLASH PROGRAMMING ROUTINES ROM
406 BYTES

UNIMPLEMENTED
49,770 BYTES

FLASH MEMORY
7680 BYTES

SIM BREAK STATUS REGISTER (SBSR)

SIM RESET STATUS REGISTER (SRSR)

RESERVED

$FEO3
$FE04
$FEO05
$FE06
$FEO7
$FE08
$FE09
$FEOA
$FEOB
$FEOC
$FEOD
2
$FEOF
$FE10
2
$FE1F
$FE20
2
$FF7D
$FF7E
$FF7F
2
$FFD3
$FFD4
2
$FFFF()

SIM BREAK FLAG CONTROL REGISTER (SBFCR)

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)

UNIMPLEMENTED
3BYTES

UNIMPLEMENTED
16 BYTES
RESERVED FOR COMPATIBILITY WITH MONITOR CODE
FOR A-FAMILY PART

MONITOR ROM
350 BYTES

FLASH BLOCK PROTECT REGISTER (FLBPR)

UNIMPLEMENTED
85 BYTES

FLASH VECTORS
44 BYTES

1. $FFF6—$FFFD used for eight security bytes

Figure A-2. Memory Map
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