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General Description

VRergL is the low reference supply for the ADC, and by default the Vggap/VRerL pin should be connected
to the same voltage potential as Vgg. See Chapter 3 Analog-to-Digital Converter (ADC).

1.5.8 Port A Input/Output (I/0) Pins (PTA7/KBD7/AD15-PTA0/KBDO/ADS)

PTA7—-PTAOQ are general-purpose, bidirectional I/O port pins. Any or all of the port A pins can be
programmed to serve as keyboard interrupt pins or used as analog-to-digital inputs. PTA7-PTA4 are only
available on the 48-pin LQFP and 64-pin QFP packages. See Chapter 13 Input/Output (1/0) Ports,
Chapter 9 Keyboard Interrupt Module (KBI), and Chapter 3 Analog-to-Digital Converter (ADC).

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.

1.5.9 Port B I/O Pins (PTB7/AD7-PTB0/ADO)

PTB7—-PTBO are general-purpose, bidirectional I/O port pins that can also be used for analog-to-digital
converter (ADC) inputs. PTB7—PTB6 are only available on the 48-pin LQFP and 64-pin QFP packages.
See Chapter 13 Input/Output (I/O) Ports and Chapter 3 Analog-to-Digital Converter (ADC).

1.5.10 Port C I/O Pins (PTC6—PTCO/CANty)
PTC6 and PTC5 are general-purpose, bidirectional 1/0 port pins.

PTC4-PTCO are general-purpose, bidirectional I/O port pins that contain higher current sink/source
capability. PTC6—PTC2 are only available on the 48-pin LQFP and 64-pin QFP packages. See Chapter
13 Input/Output (I/0O) Ports.

PTC1 and PTCO can be programmed to be MSCANO8 pins.

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.

1.5.11 Port D I/O Pins (PTD7/T2CH1-PTDO0/SS)

PTD7-PTDO are special-function, bidirectional I/0O port pins. PTD3-PTDO can be programmed to be
serial peripheral interface (SPI) pins, while PTD7-PTD4 can be individually programmed to be timer
interface module (TIM1 and TIM2) pins. PTDO can be used to output a clock, MCLK. PTD7 is only
available on the 48-pin LQFP and 64-pin QFP packages. See Chapter 18 Timer Interface Module (TIM1),
Chapter 19 Timer Interface Module (TIM2), Chapter 16 Serial Peripheral Interface (SPI) Module, Chapter
13 Input/Output (I/0O) Ports. and Chapter 5 Configuration Register (CONFIG).

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 PTEOQ/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—PTEZ2 are only available on the
48-pin LQFP and 64-pin QFP packages. See Chapter 14 Enhanced Serial Communications Interface
(ESCI) Module and Chapter 13 Input/Output (I/O) Ports.
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Clock Generator Module (CGM)

frequency, frc k- The circuit determines the mode of the PLL and the lock condition based on this
comparison.

4.3.4 Acquisition and Tracking Modes

The PLL filter is manually or automatically configurable into one of two operating modes:

* Acquisition mode — In acquisition mode, the filter can make large frequency corrections to the
VCO. This mode is used at PLL start up or when the PLL has suffered a severe noise hit and the
VCO frequency is far off the desired frequency. When in acquisition mode, the ACQ bit is clear in
the PLL bandwidth control register. (See 4.5.2 PLL Bandwidth Control Register.)

* Tracking mode — In tracking mode, the filter makes only small corrections to the frequency of the
VCO. PLL jitter is much lower in tracking mode, but the response to noise is also slower. The PLL
enters tracking mode when the VCO frequency is nearly correct, such as when the PLL is selected
as the base clock source. (See 4.3.8 Base Clock Selector Circuit.) The PLL is automatically in
tracking mode when not in acquisition mode or when the ACQ bit is set.

4.3.5 Manual and Automatic PLL Bandwidth Modes

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.
Automatic mode is recommended for most users.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLLK, is safe to use as the source for the base clock, CGMOUT. (See 4.5.2 PLL
Bandwidth Control Register.) If PLL interrupts are enabled, the software can wait for a PLL interrupt
request and then check the LOCK bit. If interrupts are disabled, software can poll the LOCK bit
continuously (for example, during PLL start up) or at periodic intervals. In either case, when the LOCK bit
is set, the VCO clock is safe to use as the source for the base clock. (See 4.3.8 Base Clock Selector
Circuit.) If the VCO is selected as the source for the base clock and the LOCK bit is clear, the PLL has
suffered a severe noise hit and the software must take appropriate action, depending on the application.
(See 4.6 Interrupts for information and precautions on using interrupts.)

The following conditions apply when the PLL is in automatic bandwidth control mode:

* The ACQ bit (See 4.5.2 PLL Bandwidth Control Register.) is a read-only indicator of the mode of
the filter. (See 4.3.4 Acquisition and Tracking Modes.)

* The ACQ bit is set when the VCO frequency is within a certain tolerance and is cleared when the
VCO frequency is out of a certain tolerance. (See 4.8 Acquisition/Lock Time Specifications for
more information.)

* The LOCK bit is a read-only indicator of the locked state of the PLL.

¢ The LOCK bit is set when the VCO frequency is within a certain tolerance and is cleared when the
VCO frequency is out of a certain tolerance. (See 4.8 Acquisition/Lock Time Specifications for
more information.)

* CPU interrupts can occur if enabled (PLLIE = 1) when the PLL’s lock condition changes, toggling
the LOCK bit. (See 4.5.1 PLL Control Register.)

The PLL also may operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systems typically operate well below

fBuSMAX-
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Acquisition/Lock Time Specifications

4.8 Acquisition/Lock Time Specifications

The acquisition and lock times of the PLL are, in many applications, the most critical PLL design
parameters. Proper design and use of the PLL ensures the highest stability and lowest acquisition/lock
times.

4.8.1 Acquisition/Lock Time Definitions

Typical control systems refer to the acquisition time or lock time as the reaction time, within specified
tolerances, of the system to a step input. In a PLL, the step input occurs when the PLL is turned on or
when it suffers a noise hit. The tolerance is usually specified as a percent of the step input or when the
output settles to the desired value plus or minus a percent of the frequency change. Therefore, the
reaction time is constant in this definition, regardless of the size of the step input. For example, consider
a system with a 5 percent acquisition time tolerance. If a command instructs the system to change from
0 Hz to 1 MHz, the acquisition time is the time taken for the frequency to reach 1 MHz £50 kHz. Fifty kHz
= 5% of the 1-MHz step input. If the system is operating at 1 MHz and suffers a —100-kHz noise hit, the
acquisition time is the time taken to return from 900 kHz to 1 MHz +5 kHz. Five kHz = 5% of the 100-kHz
step input.

Other systems refer to acquisition and lock times as the time the system takes to reduce the error between
the actual output and the desired output to within specified tolerances. Therefore, the acquisition or lock
time varies according to the original error in the output. Minor errors may not even be registered. Typical
PLL applications prefer to use this definition because the system requires the output frequency to be
within a certain tolerance of the desired frequency regardless of the size of the initial error.

4.8.2 Parametric Influences on Reaction Time

Acquisition and lock times are designed to be as short as possible while still providing the highest possible
stability. These reaction times are not constant, however. Many factors directly and indirectly affect the
acquisition time.

The most critical parameter which affects the reaction times of the PLL is the reference frequency, frg| k-
This frequency is the input to the phase detector and controls how often the PLL makes corrections. For
stability, the corrections must be small compared to the desired frequency, so several corrections are
required to reduce the frequency error. Therefore, the slower the reference the longer it takes to make
these corrections. This parameter is under user control via the choice of crystal frequency fyc k. (See
4.3.3 PLL Circuits and 4.3.6 Programming the PLL.)

Another critical parameter is the external filter network. The PLL modifies the voltage on the VCO by
adding or subtracting charge from capacitors in this network. Therefore, the rate at which the voltage
changes for a given frequency error (thus change in charge) is proportional to the capacitance. The size
of the capacitor also is related to the stability of the PLL. If the capacitor is too small, the PLL cannot make
small enough adjustments to the voltage and the system cannot lock. If the capacitor is too large, the PLL
may not be able to adjust the voltage in a reasonable time. (See 4.8.3 Choosing a Filter.)

Also important is the operating voltage potential applied to Vppa. The power supply potential alters the
characteristics of the PLL. A fixed value is best. Variable supplies, such as batteries, are acceptable if
they vary within a known range at very slow speeds. Noise on the power supply is not acceptable,
because it causes small frequency errors which continually change the acquisition time of the PLL.

Temperature and processing also can affect acquisition time because the electrical characteristics of the
PLL change. The part operates as specified as long as these influences stay within the specified limits.
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Timer Interface Module (TIM1 and TIM2)
10.12 Timer Interface Module (TIM1 and TIM2)

10.12.1 Wait Mode

The timer interface modules (TIM) remain active in wait mode. 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.
10.12.2 Stop Mode

The TIM is inactive in stop mode. The STOP instruction does not affect register states or the state of the
TIM counter. TIM operation resumes when the MCU exits stop mode after an external interrupt.

10.13 Timebase Module (TBM)

10.13.1 Wait Mode

The timebase module (TBM) remains active after execution of the WAIT instruction. In wait mode, the
timebase register is not accessible by the CPU.

If the timebase functions are not required during wait mode, reduce the power consumption by stopping
the timebase before enabling the WAIT instruction.
10.13.2 Stop Mode

The timebase module may remain active after execution of the STOP instruction if the oscillator has been
enabled to operate during stop mode through the OSCENINSTORP bit in the CONFIG2 register. The
timebase module can be used in this mode to generate a periodic wakeup from stop mode.

If the oscillator has not been enabled to operate in stop mode, the timebase module will not be active
during stop mode. In stop mode, the timebase register is not accessible by the CPU.

If the timebase functions are not required during stop mode, reduce the power consumption by stopping
the timebase before enabling the STOP instruction.

10.14 Scalable Controller Area Network Module (MSCAN)

10.14.1 Wait Mode

The scalable controller area network (MSCAN) module remains active after execution of the WAIT
instruction. In wait mode, the MSCANOS8 registers are not accessible by the CPU.

If the MSCANOS functions are not required during wait mode, reduce the power consumption by disabling
the MSCANO8 module before enabling the WAIT instruction.
10.14.2 Stop Mode

The MSCANO8 module is inactive in stop mode. The STOP instruction does not affect MSCANOS register
states.

Because the internal clock is inactive during stop mode, entering stop mode during an MSCANO08
transmission or reception results in invalid data.
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Low-Voltage Inhibit (LVI)

LVISTOP, LVIPWRD, LVI50R3, and LVIRSTD are in the configuration register (CONFIG1). See
Figure 5-2. Configuration Register 1 (CONFIG1) for details of the LVI's configuration bits. Once an LVI
reset occurs, the MCU remains in reset until Vpp rises above a voltage, V1r|pr, Which causes the MCU
to exit reset. See 15.3.2.5 Low-Voltage Inhibit (LVI) Reset for details of the interaction between the SIM
and the LVI. The output of the comparator controls the state of the LVIOUT flag in the LVI status register
(LVISR).

An LVI reset also drives the RST pin low to provide low-voltage protection to external peripheral devices.

Vop
L STOP INSTRUCTION
)O—C ( LVISTOP

QO FROM CONFIG1

‘ FROM CONFIG1
LVIRSTD
LVIPWRD

FROM CONFIG '

Y [

LOW Vpp Vpp > LVl =0 :>—> LVI RESET
DETECTOR

VDD < LVITrip =1
A Y

LVI5OR3 @

FROM CONFIG1
Figure 11-1. LVI Module Block Diagram

Addr. Register Name Bit7 6 5 4 3 2 1 Bit0
LVI Status Register Head:| LVIOUT 0 0 0 0 0 0 0
$FEOC (LVISR)  Write:
See page 133. Raget: 0 0 0 0 0 0 . .

|:| = Unimplemented

Figure 11-2. LVI I/O Register Summary

11.3.1 Polled LVI Operation

In applications that can operate at Vpp levels below the Vg pg level, software can monitor Vpp by polling
the LVIOUT bit. In the configuration register, the LVIPWRD bit must be 0 to enable the LVI module, and
the LVIRSTD bit must be 1 to disable LVI resets.

11.3.2 Forced Reset Operation

In applications that require Vpp to remain above the V1gpr level, enabling LVI resets allows the LVI
module to reset the MCU when Vpp falls below the Vg ipg level. In the configuration register, the
LVIPWRD and LVIRSTD bits must be cleared to enable the LVI module and to enable LVI resets.
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MSCANO08 Controller (MSCANO08)

To transmit a message, the CPUO08 has to identify an available transmit buffer which is indicated by a set
transmit buffer empty (TXE) flag in the MSCANO8 transmitter flag register (CTFLG) (see 12.13.7
MSCANO8 Transmitter Flag Register).

The CPUO0S8 then stores the identifier, the control bits and the data content into one of the transmit buffers.
Finally, the buffer has to be flagged ready for transmission by clearing the TXE flag.

The MSCANO08 then will schedule the message for transmission and will signal the successful
transmission of the buffer by setting the TXE flag. A transmit interrupt is generated(” when TXE is set and
can be used to drive the application software to re-load the buffer.

In case more than one buffer is scheduled for transmission when the CAN bus becomes available for
arbitration, the MSCANOS8 uses the local priority setting of the three buffers for prioritization. For this
purpose, every transmit buffer has an 8-bit local priority field (PRIO). The application software sets this
field when the message is set up. The local priority reflects the priority of this particular message relative
to the set of messages being emitted from this node. The lowest binary value of the PRIO field is defined
as the highest priority.

The internal scheduling process takes place whenever the MSCANO8 arbitrates for the bus. This is also
the case after the occurrence of a transmission error.

When a high priority message is scheduled by the application software, it may become necessary to abort
a lower priority message being set up in one of the three transmit buffers. As messages that are already
under transmission cannot be aborted, the user has to request the abort by setting the corresponding
abort request flag (ABTRQ) in the transmission control register (CTCR). The MSCANO8 will then grant
the request, if possible, by setting the corresponding abort request acknowledge (ABTAK) and the TXE
flag in order to release the buffer and by generating a transmit interrupt. The transmit interrupt handler
software can tell from the setting of the ABTAK flag whether the message was actually aborted
(ABTAK = 1) or sent (ABTAK = 0).

12.5 Identifier Acceptance Filter

The identifier acceptance registers (CIDARO—CIDARS3) define the acceptance patterns of the standard or
extended identifier (ID10-IDO0 or ID28-1D0). Any of these bits can be marked ‘don’t care’ in the identifier
mask registers (CIDMR0O-CIDMRS3).

A filter hit is indicated to the application on software by a set RXF (receive buffer full flag, see 12.13.5
MSCANO8 Receiver Flag Register (CRFLG)) and two bits in the identifier acceptance control register (see
12.13.9 MSCANO8 Identifier Acceptance Control Register). These identifier hit flags (IDHIT1 and IDHITO)
clearly identify the filter section that caused the acceptance. They simplify the application software’s task
to identify the cause of the receiver interrupt. In case that more than one hit occurs (two or more filters
match) the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different modes:

1. Single identifier acceptance filter, each to be applied to a) the full 29 bits of the extended identifier
and to the following bits of the CAN frame: RTR, IDE, SRR or b) the 11 bits of the standard identifier
plus the RTR and IDE bits of CAN 2.0A/B messages. This mode implements a single filter for a full
length CAN 2.0B compliant extended identifier. Figure 12-4 shows how the 32-bit filter bank
(CIDARO-3, CIDMRO0-3) produces a filter 0 hit.

1. The transmit interrupt will occur only if not masked. A polling scheme can be applied on TXE also.
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Programmer’s Model of Control Registers

12.13 Programmer’s Model of Control Registers

The programmer’s model has been laid out for maximum simplicity and efficiency. Figure 12-15 gives an

overview on the control register block of the MSCANO0S.

Addr.  Register Bit 7 6 5 4 3 2 1 Bit 0
Read: YNCH LPAK

$0500 CMCRO Weri: 0 0 0 SYNCH | ¢ e |3 SLPRQ | SFTRES
Read:[ 0 0 0 0 0

$0501 CMCRI 2 LOOPB | WUPM | CLKSRC
Write:
Read:

$0502 oBTRO | Suwi SIWO BRP5 BRP4 BRP3 BRP2 BRP BRPO
Read:

$0503 CBTRH V:’ri: SAMP | TSEG22 | TSEG2 | TSEG20 | TSEG13 | TSEGH2 | TSEG11 | TSEG10
Read:

$0504 CRFLG | WUPIF | RWRNF | TWRNF | RERRIF | TERRIF | BOFFIF | OVRF RXF
Read:

$0505 CRIER V\;arie WUPIE | RWRNIE | TWRNIE | RERRIE | TERRIE | BOFFIE | OVRE | RXFIE
Read: ABTAK2 | ABTAKI | ABTAK

$0506 cTrLG Head 0 0 0 TXE2 TXE1 TXEO
Write:
Read: 0 0

$0507 CTCR ABTRQ2 | ABTRQ! | ABTRQO TXEIE2 | TXEIE1 | TXEIEQ
Read:[ 0 0 IDHT2 | IDHMT1 | IDHITO

$0508 CIDAC oo IDAM2 | IDAM1 | IDAMO
Write:
Read:

$0509 Reserved 0 R R R R R R R R
Write:
Read:

$050E CRXERR V\frie RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR{ | RXERRO
Read:

$050F CTXERR V\;arie TXERR7 | TXERR6 | TXERRS | TXERR4 | TXERR3 | TXERR2 | TXERR! | TXERRO
Read:

$0510 obAR) (2| ACT AC6 AC5 AC4 AC3 AC2 AC ACO
Read:

$0511 obARt (| ACT AC6 AC5 AC4 AC3 AC2 ACH ACO
Read:

$0512 obaRz | 2| ACT AC6 ACS AC4 AC3 AC2 ACH ACO
Read:

$0513 oiDARs | 2| ACT AC6 AC5 AC4 AC3 AC2 AC ACO

|:| = Unimplemented |I| = Reserved

Figure 12-15. MSCANO8 Control Register Structure
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Port F

13.8 Port F

Port F is an 8-bit special-function port that shares four of its pins with the timer interface (TIM2) module.

13.8.1 Port F Data Register
The port F data register (PTF) contains a data latch for each of the eight port F pins.

Address:  $0440

Bit 7 6 5 4 3 2 1 Bit 0
Read:
) PTF7 PTF6 PTF5 PTF4 PTF3 PTF2 PTF1 PTFO
Write:
Reset: Unaffected by reset

Alternate Function:‘ T2CH5 \ T2CH4 \ T2CH3 \ T2CH2 \ \ \ \ \

l:' = Unimplemented

Figure 13-20. Port F Data Register (PTF)

PTF7-PTF0 — Port F Data Bits
These read/write bits are software-programmable. Data direction of each port F pin is under the control
of the corresponding bit in data direction register F. Reset has no effect on port F data.

T2CH5-T2CH2 — Timer 2 Channel I/O Bits
The PTF7/T2CH5-PTF4/T2CH2 pins are the TIM2 input capture/output compare pins. The edge/level
select bits, ELSxB:ELSxA, determine whether the PTF7/T2CH5-PTF4/T2CH2 pins are timer channel
I/O pins or general-purpose I/O pins. See Chapter 18 Timer Interface Module (TIM1) and Chapter 19
Timer Interface Module (TIM2).

13.8.2 Data Direction Register F

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

Address:  $0444

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wi DDRF7 DDRF6 DDRF5 DDRF4 DDRF3 DDRF2 DDRF1 DDRF0
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 13-21. Data Direction Register F (DDRF)

DDRF7-DDRF0 — Data Direction Register F Bits
These read/write bits control port F data direction. Reset clears DDRF7-DDRFO, configuring all port F
pins as inputs.
1 = Corresponding port F pin configured as output
0 = Corresponding port F pin configured as input

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

Figure 13-22 shows the port F I/O logic.
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Port G

PTG7-PTGO0 — Port G Data Bits
These read/write bits are software-programmable. Data direction of each port G pin is under the control
of the corresponding bit in data direction register G. Reset has no effect on port G data.

AD23-AD16 — Analog-to-Digital Input Bits
AD23-AD16 are pins used for the input channels to the analog-to-digital converter module. The
channel select bits in the ADC status and control register define which port G pin will be used as an
ADC input and overrides any control from the port I/O logic by forcing that pin as the input to the analog
circuitry.
NOTE

Care must be taken when reading port G while applying analog voltages to

AD23-AD16 pins. If the appropriate ADC channel is not enabled, excessive

current drain may occur if analog voltages are applied to the PTGx/ADx pin,

while PTG is read as a digital input during the CPU read cycle. Those ports

not selected as analog input channels are considered digital I/O ports.

13.9.2 Data Direction Register G

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

Address:  $0445

Bit 7 6 5 4 3 2 1 Bit0
Read:
Wit DDRG7 DDRG6 DDRG5 DDRG4 DDRG3 DDRG2 DDRG1 DDRGO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 13-24. Data Direction Register G (DDRG)

DDRG7-DDRGO0 — Data Direction Register G Bits
These read/write bits control port G data direction. Reset clears DDRG7-DDRGO], configuring all port
G pins as inputs.
1 = Corresponding port G pin configured as output
0 = Corresponding port G pin configured as input

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

Figure 13-25 shows the port G 1/O logic.

When bit DDRGx is a 1, reading address $0441 reads the PTGx data latch. When bit DDRGx is a 0,
reading address $0441 reads the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 13-8 summarizes the operation of the port G pins.
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Functional Description

To initiate an ESCI transmission:
1. Enable the ESCI by writing a 1 to the enable ESCI bit (ENSCI) in ESCI control register 1 (SCC1).
2. Enable the transmitter by writing a 1 to the transmitter enable bit (TE) in ESCI control register 2
(SCC2).
3. Clear the ESCI transmitter empty bit (SCTE) by first reading ESCI status register 1 (SCS1) and
then writing to the SCDR. For 9-bit data, also write the T8 bit in SCC3.
4. Repeat step 3 for each subsequent transmission.

At the start of a transmission, transmitter control logic automatically loads the transmit shift register with
a preamble of 1s. After the preamble shifts out, control logic transfers the SCDR data into the transmit
shift register. A 0 start bit automatically goes into the least significant bit (LSB) position of the transmit shift
register. A 1 stop bit goes into the most significant bit (MSB) position.

The ESCI transmitter empty bit, SCTE, in SCS1 becomes set when the SCDR transfers a byte to the
transmit shift register. The SCTE bit indicates that the SCDR can accept new data from the internal data
bus. If the ESCI transmit interrupt enable bit, SCTIE, in SCC2 is also set, the SCTE bit generates a
transmitter CPU interrupt request.

When the transmit shift register is not transmitting a character, the TxD pin goes to the idle condition, high.
If at any time software clears the ENSCI bit in ESCI control register 1 (SCC1), the transmitter and receiver
relinquish control of the port E pins.

14.4.2.3 Break Characters

Writing a 1 to the send break bit, SBK, in SCC2 loads the transmit shift register with a break character.
For TXINV = 0 (output not inverted), a transmitted break character contains all Os and has no start, stop,
or parity bit. Break character length depends on the M bit in SCC1 and the LINR bits in SCBR. As long as
SBKis at 1, transmitter logic continuously loads break characters into the transmit shift register. After
software clears the SBK bit, the shift register finishes transmitting the last break character and then
transmits at least one 1. The automatic 1 at the end of a break character guarantees the recognition of
the start bit of the next character.

When LINR is cleared in SCBR, the ESCI recognizes a break character when a start bit is followed by
eight or nine 0 data bits and a 0 where the stop bit should be, resulting in a total of 10 or 11 consecutive
0 data bits. When LINR is set in SCBR, the ESCI recognizes a break character when a start bit is followed
by 9 or 10 0 data bits and a 0 where the stop bit should be, resulting in a total of 11 or 12 consecutive 0
data bits.
Receiving a break character has these effects on ESCI registers:

* Sets the framing error bit (FE) in SCS1

* Sets the ESCI receiver full bit (SCRF) in SCS1

* Clears the ESCI data register (SCDR)

e Clears the R8 bit in SCC3

* Sets the break flag bit (BKF) in SCS2

* May set the overrun (OR), noise flag (NF), parity error (PE), or reception in progress flag (RPF) bits
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System Integration Module (SIM)

The SIM counter is held in reset from the execution of the STOP instruction until the beginning of stop

recovery. It is then used to time the recovery period. Figure 15-19 shows stop mode entry timing. Figure
15-20 shows stop mode recovery time from interrupt.

NOTE
To minimize stop current, all pins configured as inputs should be driven to
aitorO.
CPUSTOP |
IAB STOPADDR | STOPADDR+1 | SAME X SAME X
IDB ) PREVIOUSDATA |  NEXTOPCODE X SAME { save

RW y
Note: Previous data can be operand data or the STOP opcode, depending on the last instruction.

Figure 15-19. Stop Mode Entry Timing

% }+ STOP RECOVERY PERIOD

) )

INT/BREAK ]&’ ’

IAB \ STOP +1 ?2XSTOP+2  sops2 f  sp f st J 2 | sp-3 ><
) )

Figure 15-20. Stop Mode Recovery from Interrupt

15.7 SIM Registers

The SIM has three memory-mapped registers. Table 15-4 shows the mapping of these registers.
Table 15-4. SIM Registers

Address Register Access Mode
$FEO0O BSR User
$FEO1 SRSR User
$FEO3 BFCR User
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Timer Interface Module (TIM1)

register 0 (TSCRO) controls and monitors the PWM signal from the linked channels. MSOB takes priority
over MSOA.

Clearing the toggle-on-overflow bit, TOVx, inhibits output toggles on TIM1 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 18.8.4 TIM1 Channel Status and Control Registers.

18.4 Interrupts

The following TIM1 sources can generate interrupt requests:

e TIM1 overflow flag (TOF) — The TOF bit is set when the TIM1 counter reaches the modulo value
programmed in the TIM1 counter modulo registers. The TIM1 overflow interrupt enable bit, TOIE,
enables TIM1 overflow CPU interrupt requests. TOF and TOIE are in the TIM1 status and control
register.

e TIM1 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 TIM1 channel x status and control register.

18.5 Wait Mode

The WAIT instruction puts the MCU in low power-consumption standby mode.

The TIM1 remains active after the execution of a WAIT instruction. In wait mode the TIM1 registers are
not accessible by the CPU. Any enabled CPU interrupt request from the TIM1 can bring the MCU out of
wait mode.

If TIM1 functions are not required during wait mode, reduce power consumption by stopping the TIM1
before executing the WAIT instruction.

18.6 TIM1 During Break Interrupts

A break interrupt stops the TIM1 counter and inhibits input captures.

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 Figure 15-21. Break Status Register (BSR).

To allow software to clear status bits during a break interrupt, write a 1 to the BCFE bit. 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 the BCFE bit. With BCFE at O (its default state),
software can read and write I/O 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 at 0. After the break, doing the
second step clears the status bit.
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Input/Output Registers

In output compare mode (MSxB:MSxA = 0:0), writing to the high byte of the TIM1 channel x registers
(T1CHxH) inhibits output compares until the low byte (T1CHXxL) is written.

Address: $0026 T1CHOH
Bit 7 6 5 4 3 2 1 Bit 0
Read:
. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Write:
Reset: Indeterminate after reset
Address: $0027 T1CHOL
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
Address: $0029 T1CH1H
Bit 7 6 5 4 3 2 1 Bit 0
Read:
. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8
Write:
Reset: Indeterminate after reset
Address: $02A T1CHIL
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 18-10. TIM1 Channel Registers (T1CHOH/L:T1CH1H/L)
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Functional Description

19.3.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 19.3.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the value currently in the TIM2 channel registers.

An unsynchronized write to the TIM2 channel registers to change a pulse width value could cause
incorrect operation for up to two PWM periods. For example, writing a new value before the counter
reaches the old value but after the counter reaches the new value prevents any compare during that PWM
period. Also, using a TIM2 overflow interrupt routine to write a new, smaller pulse width value may cause
the compare to be missed. The TIM2 may pass the new value before it is written to the timer channel
(T2CHxH:T2CHXxL) registers.

Use the following methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, enable channel x output compare interrupts and write the
new value in the output compare interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIM2 overflow interrupts and write the new value
in the TIM2 overflow interrupt routine. The TIM2 overflow interrupt occurs at the end of the current
PWM period. Writing a larger value in an output compare interrupt routine (at the end of the current
pulse) could cause two output compares to occur in the same PWM period.

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 also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

19.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the T2CHO
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIM2 channel 0 status and control register (T2SCO0) links channel 0 and channel 1.
The TIM2 channel 0 registers initially control the pulse width on the T2CHO pin. Writing to the TIM2
channel 1 registers enables the TIM2 channel 1 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (0 or 1) that
control the pulse width are the ones written to last. T2SCO controls and monitors the buffered PWM
function, and TIM2 channel 1 status and control register (T2SC1) is unused. While the MSOB bit is set,
the channel 1 pin, T2CH1, 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 T2CH2
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MS2B bit in TIM2 channel 2 status and control register (T2SC2) links channel 2 and channel 3.
The TIM2 channel 2 registers initially control the pulse width on the T2CH2 pin. Writing to the TIM2
channel 3 registers enables the TIM2 channel 3 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (2 or 3) that
control the pulse width are the ones written to last. T2SC2 controls and monitors the buffered PWM
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Development Support

20.2.2.3 Break Status Register

The break status register (BSR) contains a flag to indicate that a break caused an exit from wait mode.
This register is only used in emulation mode.

Address: $FE00

Bit 7 6 5 4 3 2 1 Bit 0
Read: SBSW
. R R R R R R 3 R
Write: Note(")
Reset: 0

IIl = Reserved 1. Writing a 0 clears SBSW.

Figure 20-7. Break Status Register (BSR)

SBSW — SIM Break Stop/Wait
SBSW can be read within the break state SWI routine. The user can modify the return address on the
stack by subtracting one from it.
1 = Wait mode was exited by break interrupt
0 = Wait mode was not exited by break interrupt

20.2.2.4 Break Flag Control Register

The break control register (BFCR) contains a bit that enables software to clear status bits while the MCU
is in a break state.

Address: $FEO03

Bit 7 6 5 4 3 2 1 Bit0
Read:
) BCFE R R R R R R R
Write:
Reset: 0

IIl = Reserved

Figure 20-8. Break Flag Control Register (BFCR)

BCFE — Break Clear Flag Enable Bit
This read/write bit enables software to clear status bits by accessing status registers while the MCU is
in a break state. To clear status bits during the break state, the BCFE bit must be set.
1 = Status bits clearable during break
0 = Status bits not clearable during break

20.2.3 Low-Power Modes

The WAIT and STOP instructions put the MCU in low power- consumption standby modes. If enabled,
the break module will remain enabled in wait and stop modes. However, since the internal address bus
does not increment in these modes, a break interrupt will never be triggered.
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Electrical Specifications

21.3 Functional Operating Range

Characteristic Symbol Value Unit
Operating temperature range Ta —40to +125 °C
. 5.0 £10%
Operating voltage range Vbp 33+10% \Y

21.4 Thermal Characteristics

Characteristic Symbol Value Unit
Thermal resistance
32-pin LQFP 95 o
48-pin LQFP Osa 95 cw
64-pin QFP 54
I/0 pin power dissipation Pio User determined w
Pp = (Ipp x Vpp) + Pio =
issipation(" P
Power dissipation D K/(T, + 273 °C) w
Pp x (Tp + 273 °C)
Constant(® K 5 W/°C
+ PD X SJA
Average junction temperature T, Ta + (Pp x 6a) °C

1. Power dissipation is a function of temperature.

2. K'is a constant unique to the device. K can be determined for a known T and measured Pp. With this value of K, Pp and
T, can be determined for any value of Th.
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1. Pin contains integrated pullup device.
2. Ports are software configurable with pullup device if input port or pullup/pulldown device for keyboard input.
3. Higher current drive port pins

Figure A-1. MC68HC908GZ48 Block Diagram
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