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General Description

1.4 Pin Assignments

Figure 1-2 shows the 64-pin QFP pin assignments and Figure 1-3 shows the 56-pin SDIP pin

assignments.
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Figure 1-2. 64-Pin QFP Pin Assignments
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General Description

1.4.15 PWM Ground Pin (PWMGND)

PWMGND is the ground pin for the pulse-width modulator module (PWMMC). This dedicated ground pin
is used as the ground for the six high-current PWM pins. See Chapter 12 Pulse-Width Modulator for Motor
Control (PWMMC).

1.4.16 Port E I/O Pins (PTE7/TCH3A-PTE3/TCLKA and PTE2/TCH1B-PTEO/TCLKB)

Port E is an 8-bit special function port that shares its pins with the two timer interface modules (TIMA and
TIMB). See Chapter 16 Timer Interface A (TIMA), Chapter 17 Timer Interface B (TIMB), and Chapter 10
Input/Output (I/O) Ports (PORTS).

1.4.17 Port F I/O Pins (PTF5/TxD-PTF4/RxD and PTF3/MISO-PTF0/SPSCK)

Port F is a 6-bit special function port that shares two of its pins with the serial communications interface
module (SCI) and four of its pins with the serial peripheral interface module (SPI). See Chapter 15 Serial
Peripheral Interface Module (SPI), Chapter 13 Serial Communications Interface Module (SCI), and
Chapter 10 Input/Output (I/0O) Ports (PORTS).
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Analog-to-Digital Converter (ADC)

3.7.2 ADC Data Register High

In left justified mode, this 8-bit result register holds the eight MSBs of the 10-bit result. This register is
updated each time an ADC single channel conversion completes. Reading ADRH latches the contents of
ADRL until ADRL is read. Until ADRL is read, all subsequent ADC results will be lost.

Address:  $0041

Bit 7 6 5 4 3 2 1 Bit 0
Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
Write: R R R R R R R R
Reset: Unaffected by reset

IIl = Reserved

Figure 3-5. ADC Data Register High (ADRH) Left Justified Mode

In right justified mode, this 8-bit result register holds the two MSBs of the 10-bit result. All other bits read
as 0. This register is updated each time a single channel ADC conversion completes. Reading ADRH
latches the contents of ADRL until ADRL is read. Until ADRL is read, all subsequent ADC results will be
lost.

Address:  $0041

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 AD9 AD8
Write: R R R R R R R R
Reset: Unaffected by reset

IIl = Reserved

Figure 3-6. ADC Data Register High (ADRH) Right Justified Mode

3.7.3 ADC Data Register Low

In left justified mode, this 8-bit result register holds the two LSBs of the 10-bit result. All other bits read as
0. This register is updated each time a single channel ADC conversion completes. Reading ADRH latches
the contents of ADRL until ADRL is read. Until ADRL is read, all subsequent ADC results will be lost.

Address:  $0042

Bit 7 6 5 4 3 2 1 Bit 0
Read: AD1 ADO 0 0 0 0 0 0
Write: R R R R R R R R
Reset: Unaffected by reset

E = Reserved

Figure 3-7. ADC Data Register Low (ADRL) Left Justified Mode
In right justified mode, this 8-bit result register holds the eight LSBs of the 10-bit result. This register is

updated each time an ADC conversion completes. Reading ADRH latches the contents of ADRL until
ADRL is read. Until ADRL is read, all subsequent ADC results will be lost.
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Clock Generator Module (CGM)

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.

The discrepancy in these definitions makes it difficult to specify an acquisition or lock time for a typical
PLL. Therefore, the definitions for acquisition and lock times for this module are:

* Acquisition time, taocq, is the time the PLL takes to reduce the error between the actual output
frequency and the desired output frequency to less than the tracking mode entry tolerance, Atgpk.
Acquisition time is based on an initial frequency error, (fpes — foric)/fpes, of not more than £100
percent. In automatic bandwidth control mode (see 4.3.2.3 Manual and Automatic PLL Bandwidth
Modes), acquisition time expires when the ACQ bit becomes set in the PLL bandwidth control
register (PBWC).

* Locktime, t ook, is the time the PLL takes to reduce the error between the actual output frequency
and the desired output frequency to less than the lock mode entry tolerance, A o.. Lock time is
based on an initial frequency error, (foes — foric)/foes, of not more than £100 percent. In automatic
bandwidth control mode, lock time expires when the LOCK bit becomes set in the PLL bandwidth
control register (PBWC). See 4.3.2.3 Manual and Automatic PLL Bandwidth Modes.

Obviously, the acquisition and lock times can vary according to how large the frequency error is and may
be shorter or longer in many cases.

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, frpy.
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
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Port A

10.2 Port A

Port A is an 8-bit, general-purpose, bidirectional I/O port.

10.2.1 Port A Data Register
The port A data register (PTA) contains a data latch for each of the eight port A pins.

Address:  $0000

Bit 7 6 5 4 3 2 1 Bit 0
Read:
] PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
Write:
Reset: Unaffected by reset

Figure 10-2. Port A Data Register (PTA)

PTA[7:0] — Port A Data Bits
These read/write bits are software programmable. Data direction of each port A pin is under the control
of the corresponding bit in data direction register A. Reset has no effect on port A data.

10.2.2 Data Direction Register A

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

Address:  $0004

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit DDRA7 DDRAG6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 10-3. Data Direction Register A (DDRA)

DDRA[7:0] — Data Direction Register A Bits
These read/write bits control port A data direction. Reset clears DDRA[7:0], configuring all port A pins
as inputs.
1 = Corresponding port A pin configured as output
0 = Corresponding port A pin configured as input

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

Figure 10-4 shows the port A 1/O logic.
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Input/Output (I/0) Ports (PORTS)

Figure 10-12 shows the port D input logic.
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READ PTD ($0003)
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Figure 10-12. Port D Input Circuit

Reading address $0003 reads the voltage level on the pin. Table 10-4 summarizes the operation of the

port D pins.
Table 10-4. Port D Pin Functions
. . Accesses to PTD
PTD Bit Pin Mode
Read Write
x(M Input, Hi-Z@ Pin PTD[6:0]®

1. X =don’t care

2. Hi-Z = high impedance

3. Writing affects data register, but does not affect input.
10.6 PortE

Port E is an 8-bit, special function port that shares five of its pins with the timer interface module (TIM)
and two of its pins with the serial communications interface module (SCI).

10.6.1 Port E Data Register

The port E data register (PTE) contains a data latch for each of the eight port E pins.

Address:  $0008

Bit 7 6 5 4 3 2 1 Bit 0
Read:
i PTE7 PTE6 PTE5 PTE4 PTE3 PTE2 PTE1 PTEO
Write:
Reset: Unaffected by reset

Figure 10-13. Port E Data Register (PTE)

PTE[7:0] — Port E Data Bits

PTE[7:0] are read/write, software-programmable bits. Data direction of each port E pin is under the
control of the corresponding bit in data direction register E.

NOTE

Data direction register E (DDRE) does not affect the data direction of port
E pins that are being used by the TIMA or TIMB. However, the DDRE bits
always determine whether reading port E returns the states of the latches
or the states of the pins.
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Output Control
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Figure 12-15. Effects of Dead-Time Insertion
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Figure 12-16. Dead-Time at Duty Cycle Boundaries
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Fault Protection

FILTERED FAULT PIN2 OR 4

PWM(S) ENABLED PWM(S) DISABLED PWM(S) ENABLED

FFLAGX CLEARED
Figure 12-30. PWM Disabling in Manual Mode (Example 2)

12.6.2 Software Output Disable

Setting PWM disable bit DISX or DISY in PWM control register 1 immediately disables the corresponding
PWM pins as determined by the bank and disable mapping register. The PWM pin(s) remain disabled
until the PWM disable bit is cleared and a new PWM cycle begins as shown in Figure 12-31. Setting a
PWM disable bit does not latch a CPU interrupt request, and there are no event flags associated with the
PWM disable bits.

12.6.3 Output Port Control

When operating the PWMs using the OUTx bits (OUTCTL = 1), fault protection applies as described in
this section. Due to the absence of periodic PWM cycles, fault conditions are cleared upon each CPU
cycle and the PWM outputs are re-enabled, provided all fault clearing conditions are satisfied.

DISABLE BIT

PWM(S) ENABLED PWM(S) DISABLED PWM(S) ENABLED

Figure 12-31. PWM Software Disable
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Pulse-Width Modulator for Motor Control (PWMMC)

12.9.4 PWM Control Register 1

PWM control register 1 (PCTL1) controls PWM enabling/disabling, the loading of new modulus, prescaler,
PWM values, and the PWM correction method. In addition, this register contains the software disable bits
to force the PWM outputs to their inactive states (according to the disable mapping register).

Address:  $0020

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit DISX DISY PWMINT PWMF ISENS1 ISENSO LDOK PWMEN
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 12-39. PWM Control Register 1 (PCTL1)

DISX — Software Disable Bit for Bank X Bit
This read/write bit allows the user to disable one or more PWM pins in bank X. The pins that are
disabled are determined by the disable mapping write-once register.
1 = Disable PWM pins in bank X.
0 = Re-enable PWM pins at beginning of next PWM cycle.

DISY — Software Disable Bit for Bank Y Bit
This read/write bit allows the user to disable one or more PWM pins in bank Y. The pins that are
disabled are determined by the disable mapping write-once register.
1 = Disable PWM pins in bank Y.
0 = Re-enable PWM pins at beginning of next PWM cycle.

PWMINT — PWM Interrupt Enable Bit
This read/write bit allows the user to enable and disable PWM CPU interrupts. If set, a CPU interrupt
will be pending when the PWMF flag is set.
1 = Enable PWM CPU interrupts.
0 = Disable PWM CPU interrupts.

NOTE
When PWMINT is cleared, pending CPU interrupts are inhibited.

PWMF — PWM Reload Flag
This read/write bit is set at the beginning of every reload cycle regardless of the state of the LDOK bit.
This bit is cleared by reading PWM control register 1 with the PWMF flag set, then writing a logic 0 to
PWMF. If another reload occurs before the clearing sequence is complete, then writing logic 0 to
PWMF has no effect.
1 = New reload cycle began.
0 = New reload cycle has not begun.

NOTE
When PWMF is cleared, pending PWM CPU interrupts are cleared (not
including fault interrupts).

ISENS1 and ISENS0 — Current Sense Correction Bits
These read/write bits select the top/bottom correction scheme as shown in Table 12-7.
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13.3.2 Transmitter

Figure 13-5 shows the structure of the SCI transmitter.
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Figure 13-5. SCI Transmitter
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Serial Communications Interface Module (SCI)

Table 13-1. Start Bit Verification

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

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

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 13-2 summarizes the results of the data bit samples.

Table 13-2. Data Bit Recovery

RTS8, RT9, and RT10 Data. Bit_ Noise Flag
Samples Determination
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RT8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 13-3
summarizes the results of the stop bit samples.

Table 13-3. Stop Bit Recovery

RTS8, RT9, and RT10 Framing Noise Flag
Samples Error Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0

MC68HC908MR32 « MC68HC908MR16 Data Sheet, Rev. 6.1

166 Freescale Semiconductor



|
y

'
A

Serial Communications Interface Module (SCI)

* Noise flag (NF) — The NF bit is set when the SCI detects noise on incoming data or break
characters, including start, data, and stop bits. The noise error interrupt enable bit, NEIE, in SCC3
enables NF to generate SCI error CPU interrupt requests.

* Framing error (FE) — The FE bitin SCS1 is set when a 0 occurs where the receiver expects a stop
bit. The framing error interrupt enable bit, FEIE, in SCC3 enables FE to generate SCI error CPU
interrupt requests.

* Parity error (PE) — The PE bitin SCS1 is set when the SCI detects a parity error in incoming data.
The parity error interrupt enable bit, PEIE, in SCC3 enables PE to generate SCI error CPU interrupt
requests.

13.4 Wait Mode
The WAIT and STOP instructions put the MCU in low power-consumption standby modes.

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

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

13.5 SCI During Break Module Interrupts

The system integration module (SIM) controls whether status bits in other modules can be cleared during
interrupts generated by the break module. The BCFE bit in the SIM break flag control register (SBFCR)
enables software to clear status bits during the break state.

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 0 (its default state),
software can read and write I/O registers during the break state without affecting status bits. Some status
bits have a 2-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.

13.6 1/O Signals

Port F shares two of its pins with the SCI module. The two SCI input/output (I/O) pins are:
e PTF5/TxD — Transmit data
* PTF4/RxD — Receive data

13.6.1 PTF5/TxD (Transmit Data)

The PTF5/TxD pin is the serial data output from the SCI transmitter. The SCI shares the PTF5/TxD pin
with port F. When the SCl is enabled, the PTF5/TxD pin is an output regardless of the state of the DDRF5
bit in data direction register F (DDRF).
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Serial Communications Interface Module (SCI)

ENSCI — Enable SCI Bit
This read/write bit enables the SCI and the SCI baud rate generator. Clearing ENSCI sets the SCTE
and TC bits in SCI status register 1 and disables transmitter interrupts. Reset clears the ENSCI bit.
1 = SCI enabled
0 = SCl disabled

TXINV — Transmit Inversion Bit
This read/write bit reverses the polarity of transmitted data. Reset clears the TXINV bit.
1 = Transmitter output inverted
0 = Transmitter output not inverted

NOTE
Setting the TXINV bit inverts all transmitted values, including idle, break,
start, and stop bits.

M — Mode (Character Length) Bit
This read/write bit determines whether SCI characters are eight or nine bits long. See Table 13-4. The
ninth bit can serve as an extra stop bit, as a receiver wakeup signal, or as a parity bit. Reset clears the
M bit.
1 = 9-bit SCI characters
0 = 8-bit SCI characters

WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the SCI: a 1 (address mark) in the most
significant bit (MSB) position of a received character or an idle condition on the PTF4/RxD pin. Reset
clears the WAKE bit.
1 = Address mark wakeup
0 = Idle line wakeup

ILTY — Idle Line Type Bit

This read/write bit determines when the SCI starts counting 1s as idle character bits. The counting
begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string
of 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after
the stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
Reset clears the ILTY bit.

1 = Idle character bit count begins after stop bit.

0 = Idle character bit count begins after start bit.

PEN — Parity Enable Bit
This read/write bit enables the SCI parity function. See Table 13-4. When enabled, the parity function
inserts a parity bit in the most significant bit position. See Figure 13-4. Reset clears the PEN bit.
1 = Parity function enabled
0 = Parity function disabled
PTY — Parity Bit
This read/write bit determines whether the SCI generates and checks for odd parity or even parity. See
Table 13-4. Reset clears the PTY bit.
1 = Odd parity
0 = Even parity
NOTE
Changing the PTY bit in the middle of a transmission or reception can
generate a patrity error.
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Table 13-7. SCI Baud Rate Selection Examples

I/0 Registers

SCP1:SCPO D?\;;iia(llslg) SCR2:SCR1:SCRO D?:i:gr%tg) (fop Ea-/u.gg:t:qu) (fopza:gg;t:mz)
00 1 000 1 115,200 76,800
00 1 001 2 57,600 38,400
00 1 010 4 28,800 19,200
00 1 011 8 14,400 9600
00 1 100 16 7200 4800
00 1 101 32 3600 2400
00 1 110 64 1800 1200
00 1 111 128 900 600
01 3 000 1 38,400 25,600
01 3 001 2 19,200 12,800
01 3 010 4 9600 6400
01 3 011 8 4800 3200
01 3 100 16 2400 1600
01 3 101 32 1200 800
01 3 110 64 600 400
01 3 111 128 300 200
10 4 000 1 28,800 19,200
10 4 001 2 14,400 9600
10 4 010 4 7200 4800
10 4 011 8 3600 2400
10 4 100 16 1800 1200
10 4 101 32 900 600
10 4 110 64 450 300
10 4 111 128 225 150
11 13 000 1 8861.5 5907.7
1 13 001 > 4430.7 2953.8
11 13 010 4 22154 1476.9
11 13 011 8 1107.7 738.5
11 13 100 16 553.8 369.2
11 13 101 32 276.9 184.6
11 13 110 64 138.5 92.3
11 13 111 128 69.2 462
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System Integration Module (SIM)
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AND PRIORITY DECODE |1
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Figure 14-1. SIM Block Diagram

14.2 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The
system clocks are generated from an incoming clock, CGMOUT, as shown in Figure 14-2. This clock
can come from either an external oscillator or from the on-chip phase-locked loop (PLL) circuit. See
Chapter 4 Clock Generator Module (CGM).

14.2.1 Bus Timing

In user mode, the internal bus frequency is either the crystal oscillator output (CGMXCLK) divided by four
or the PLL output (CGMVCLK) divided by four. See Chapter 4 Clock Generator Module (CGM).

14.2.2 Clock Startup from POR or LVI Reset

When the power-on reset (POR) module or the low-voltage inhibit (LVI) module generates a reset, the
clocks to the CPU and peripherals are inactive and held in an inactive phase until after the 4096
CGMXCLK cycle POR timeout has completed. The RST pin is driven low by the SIM during this entire
period. The internal bus (IBUS) clocks start upon completion of the timeout.
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Reset and System Initialization

14.3.2.1 Power-On Reset (POR)

When power is first applied to the MCU, the power-on reset (POR) module generates a pulse to indicate
that power-on has occurred. The external reset pin (RST) is held low while the SIM counter counts out
4096 CGMXCLK cycles. Sixty-four CGMXCLK cycles later, the CPU and memories are released from
reset to allow the reset vector sequence to occur.

4096 32 32
CYCLES CYCLES CYCLES

eawor | o Lo Lo L L L L

RST )

IAB . ) / X SFFFE \ srrr
) ) ) )

Figure 14-6. POR Recovery

At power-on, these events occur:
* A POR pulse is generated.
e The internal reset signal is asserted.
e The SIM enables CGMOUT.

¢ Internal clocks to the CPU and modules are held inactive for 4096 CGMXCLK cycles to allow
stabilization of the oscillator.

* The RST pin is driven low during the oscillator stabilization time.

* The POR bit of the SIM reset status register (SRSR) is set and all other bits in the register are
cleared.

14.3.2.2 Computer Operating Properly (COP) Reset

An input to the SIM is reserved for the COP reset signal. The overflow of the COP counter causes an
internal reset and sets the COP bit in the SIM reset status register (SRSR). The SIM actively pulls down
the RST pin for all internal reset sources.

To prevent a COP module timeout, write any value to location $FFFF. Writing to location $FFFF clears
the COP counter and bits 12—4 of the SIM counter. The SIM counter output, which occurs at least every
213_2% CGMXCLK cycles, drives the COP counter. The COP should be serviced as soon as possible out
of reset to guarantee the maximum amount of time before the first timeout.

The COP module is disabled if the RST pin or the IRQ pin is held at Vy; while the MCU is in monitor mode.
The COP module can be disabled only through combinational logic conditioned with the high voltage
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Serial Peripheral Interface Module (SPI)

In this case, an overflow can easily be missed. 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 15-10 illustrates this process. Generally, to avoid this second
SPSCR read, enable the OVRF interrupt to the CPU by setting the ERRIE bit.

BYTE 1 BYTE 2 BYTE 3 BYTE 4

SPI RECEIVE ¢® ¢® ¢® #@

COMPLETE

OVRF [ )
$sR__ [P @ O R OB A

READ
8Fon \® \® o @
(1) BYTE1SETS SPRFBIT. CPU READS BYTE 2 IN SPDR,
CLEARING SPRF BIT.
CPU READS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. (9) GPUREADS SPSCR AGAIN
CPU READS BYTE 1 IN SPDR, TO CHECK OVRF BIT.
CLEARING SPRF BIT. CPU READS BYTE 2 SPDR,
CPU READS SPSCR AGAIN CLEARING OVRF BIT.
TO CHECK OVRF BIT. (11) BYTE 4 SETS SPRF BIT.
(5) BYTE 2 SETS SPRF BIT, (12) CPU READS SPSCR.
CPU READS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. & EEEAFEE@(?SSEEE%#N SPDR,
(7) BYTE 3 SETS OVRF BIT. BYTE 3 IS LOST. CPU READS SPSCR AGAIN
TO CHECK OVRF BIT.

Figure 15-10. Clearing SPRF When OVREF Interrupt Is Not Enabled

15.6.2 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 prevent SPI 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.

MODF generates a receiver/error CPU interrupt request if the error interrupt enable bit (ERRIE) is also
set. The SPRF, MODF, and OVRF interrupts share the same CPU interrupt vector. MODF and OVRF can
generate a receiver/error CPU interrupt request. See Figure 15-11. It is not possible to enable MODF or
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Serial Peripheral Interface Module (SPI)

SPE — SPI Enable Bit
This read/write bit enables the SPI module. Clearing SPE causes a partial reset of the SPI. See 15.8
Resetting the SPI. Reset clears the SPE bit.
1 = SPI module enabled
0 = SPI module disabled

SPTIE— SPI Transmit Interrupt Enable Bit
This read/write bit enables CPU interrupt requests generated by the SPTE bit. SPTE is set when a byte
transfers from the transmit data register to the shift register. Reset clears the SPTIE bit.
1 = SPTE CPU interrupt requests enabled
0 = SPTE CPU interrupt requests disabled

15.12.2 SPI Status and Control Register

The SPI status and control register (SPSCR) contains flags to signal these conditions:
* Receive data register full
e Failure to clear SPRF bit before next byte is received (overflow error)
 Inconsistent logic level on SS pin (mode fault error)
* Transmit data register empty

The SPI status and control register also contains bits that perform these functions:
e Enable error interrupts
* Enable mode fault error detection
e Select master SPI baud rate

Address:  $0045

Bit 7 6 5 4 3 2 1 Bit 0
Read:| SPRF OVRF MODF SPTE
ERRIE MODFEN SPR1 SPRO
Write: R R R R
Reset: 0 0 0 0 1 0 0 0

IIl = Reserved

Figure 15-15. SPI Status and Control Register (SPSCR)

SPRF — SPI Receiver Full Bit
This clearable, read-only flag is set each time a byte transfers from the shift register to the receive data
register. SPRF generates a CPU interrupt request if the SPRIE bit in the SPI control register is set also.

During an SPRF CPU interrupt (DMAS = 0), the CPU clears SPRF by reading the SPI status and
control register with SPRF set and then reading the SPI data register.
Reset clears the SPRF bit.

1 = Receive data register full

0 = Receive data register not full

ERRIE — Error Interrupt Enable Bit

This read/write bit enables the MODF and OVRF bits to generate CPU interrupt requests. Reset clears
the ERRIE bit.

1 = MODF and OVRF can generate CPU interrupt requests.
0 = MODF and OVRF cannot generate CPU interrupt requests.
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Functional Description

whether the TIMB channel flag (CHOF-CH1F in TBSCO-TBSC1 registers) is set or clear. When the status
flag is set, a CPU interrupt is generated if enabled. The value of the count latched or “captured” is the time
of the event. Because this value is stored in the input capture register two bus cycles after the actual event
occurs, user software can respond to this event at a later time and determine the actual time of the event.
However, this must be done prior to another input capture on the same pin; otherwise, the previous time
value will be lost.

By recording the times for successive edges on an incoming signal, software can determine the period
and/or pulse width of the signal. To measure a period, two successive edges of the same polarity are
captured. To measure a pulse width, two alternate polarity edges are captured. Software should track the
overflows at the 16-bit module counter to extend its range.

Another use for the input capture function is to establish a time reference. In this case, an input capture
function is used in conjunction with an output compare function. For example, to activate an output signal
a specified number of clock cycles after detecting an input event (edge), use the input capture function to
record the time at which the edge occurred. A number corresponding to the desired delay is added to this
captured value and stored to an output compare register (see 17.7.5 TIMB Channel Registers). Because
both input captures and output compares are referenced to the same 16-bit modulo counter, the delay
can be controlled to the resolution of the counter independent of software latencies.

Reset does not affect the contents of the input capture channel register (TBCHxH-TBCHXxL).

17.3.3 Output Compare

With the output compare function, the TIMB can generate a periodic pulse with a programmable polarity,
duration, and frequency. When the counter reaches the value in the registers of an output compare
channel, the TIMB can set, clear, or toggle the channel pin. Output compares can generate TIMB CPU
interrupt requests.

17.3.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare pulses as described in 17.3.3
Output Compare. The pulses are unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIMB channel registers.

An unsynchronized write to the TIMB channel registers to change an output compare value could cause
incorrect operation for up to two counter overflow 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 counter overflow period. Also, using a TIMB overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIMB may pass the new value before it is
written.

Use this method to synchronize unbuffered changes in the output compare value on channel x:

* When changing to a smaller value, 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 output compare pulse. The interrupt routine has until the end of the counter overflow
period to write the new value.

* When changing to a larger output compare value, enable TIMB overflow interrupts and write the
new value in the TIMB overflow interrupt routine. The TIMB overflow interrupt occurs at the end of
the current counter overflow 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 counter
overflow period.
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Ordering Information and Mechanical Specifications
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