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Memory

ALGORITHM FOR PROGRAMMING 1 SET PGMBIT

A ROW (64 BYTES) OF FLASH MEMORY

1

READ THE FLASH BLOCK PROTECT REGISTER

1

WRITE ANY DATA TO ANY FLASH ADDRESS
WITHIN THE ROW ADDRESS RANGE DESIRED

1

WAIT FOR A TIME, tyys

1

SET HVEN BIT

1

WAIT FOR A TIME, tpgg

y

/

7 WRITE DATA TO THE FLASH ADDRESS
TO BE PROGRAMMED

1

WAIT FOR A TIME, tprog

COMPLETED
PROGRAMMING
THIS ROW?

YES

A

Y

CLEAR PGM BIT

Y

WAIT FOR A TIME, tyyy

Note:

Y

The time between each FLASH address change (step 7 to step 7), or 12

CLEAR HVEN BIT

the time between the last FLASH address programmed
to clearing PGM bit (step 7 to step 10)

Y

must not exceed the maximum programming 13
time, tprog Max.

WAIT FOR A TIME, tacy

Y

This row program algorithm assumes the row/s
to be programmed are initially erased. <

END OF PROGRAMMING )

Figure 2-4. FLASH Programming Flowchart
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Chapter 4
Clock Generator Module (CGM)

4.1 Introduction

This section describes the clock generator module (CGM, version A). The CGM generates the crystal
clock signal, CGMXCLK, which operates at the frequency of the crystal. The CGM also generates the
base clock signal, CGMOUT, from which the system integration module (SIM) derives the system clocks.

CGMOUT is based on either the crystal clock divided by two or the phase-locked loop (PLL) clock,
CGMVCLK, divided by two. The PLL is a frequency generator designed for use with crystals or ceramic
resonators. The PLL can generate an 8-MHz bus frequency without using a 32-MHz external clock.

4.2 Features

Features of the CGM include:
e PLL with output frequency in integer multiples of the crystal reference
* Programmable hardware voltage-controlled oscillator (VCO) for low-jitter operation
* Automatic bandwidth control mode for low-jitter operation
* Automatic frequency lock detector
e Central processor unit (CPU) interrupt on entry or exit from locked condition

4.3 Functional Description

The CGM consists of three major submodules:
1. Crystal oscillator circuit — The crystal oscillator circuit generates the constant crystal frequency
clock, CGMXCLK.
2. Phase-locked loop (PLL) — The PLL generates the programmable VCO frequency clock,
CGMVCLK.

3. Base clock selector circuit — This software-controlled circuit selects either CGMXCLK divided by
two or the VCO clock, CGMVCLK, divided by two as the base clock, CGMOUT. The SIM derives
the system clocks from CGMOUT.

Figure 4-1 shows the structure of the CGM.
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Functional Description

4.3.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an external crystal. The OSC1 pin is the
input to the amplifier and the OSC2 pin is the output. The SIMOSCEN signal from the system integration
module (SIM) enables the crystal oscillator circuit.

The CGMXCLK signal is the output of the crystal oscillator circuit and runs at a rate equal to the crystal
frequency. CGMXCLK is then buffered to produce CGMRCLK, the PLL reference clock.

CGMXCLK can be used by other modules which require precise timing for operation. The duty cycle of
CGMXCLK is not guaranteed to be 50 percent and depends on external factors, including the crystal and
related external components.

An externally generated clock also can feed the OSC1 pin of the crystal oscillator circuit. Connect the
external clock to the OSC1 pin and let the OSC2 pin float.

4.3.2 Phase-Locked Loop Circuit (PLL)

The PLL is a frequency generator that can operate in either acquisition mode or tracking mode, depending
on the accuracy of the output frequency. The PLL can change between acquisition and tracking modes
either automatically or manually.

4.3.2.1 PLL Circuits

The PLL consists of these circuits:
* Voltage-controlled oscillator (VCO)
e Modulo VCO frequency divider
* Phase detector
* Loop filter
* Lock detector

The operating range of the VCO is programmable for a wide range of frequencies and for maximum
immunity to external noise, including supply and CGMXFC noise. The VCO frequency is bound to a range
from roughly one-half to twice the center-of-range frequency, fyrs. Modulating the voltage on the
CGMXFC pin changes the frequency within this range. By design, fyrg is equal to the nominal
center-of-range frequency, fyom, (4.9152 MHz) times a linear factor, L or (L) fyom-

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK. CGMRCLK runs at a frequency,
frocLk, and is fed to the PLL through a buffer. The buffer output is the final reference clock, CGMRDV,
running at a frequency, frpy = froLk-

The VCO'’s output clock, CGMVCLK, running at a frequency, fyck, is fed back through a programmable
modulo divider. The modulo divider reduces the VCO clock by a factor, N. The divider’'s output is the VCO
feedback clock, CGMVDV, running at a frequency, fypy = fycLk/n- (See 4.3.2.4 Programming the PLL for
more information.)

The phase detector then compares the VCO feedback clock, CGMVDV, with the final reference clock,
CGMRDV. A correction pulse is generated based on the phase difference between the two signals. The
loop filter then slightly alters the dc voltage on the external capacitor connected to CGMXFC based on
the width and direction of the correction pulse. The filter can make fast or slow corrections depending on
its mode, described in 4.3.2.2 Acquisition and Tracking Modes. The value of the external capacitor and
the reference frequency determines the speed of the corrections and the stability of the PLL.
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Clock Generator Module (CGM)

The lock detector compares the frequencies of the VCO feedback clock, CGMVDV, and the final
reference clock, CGMRDV. Therefore, the speed of the lock detector is directly proportional to the final
reference frequency, frpy. The circuit determines the mode of the PLL and the lock condition based on
this comparison.

4.3.2.2 Acquisition and Tracking Modes

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

1. Acquisition mode — In acquisition mode, the filter can make large frequency corrections to the
VCO. This mode is used at PLL startup 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.

2. 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 4.3.3 Base Clock Selector Circuit. The PLL is automatically in
tracking mode when not in acquisition mode or when the ACQ bit is set.

4.3.2.3 Manual and Automatic PLL Bandwidth Modes
The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

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, CGMVCLK, 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 (during PLL startup, usually) 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 4.3.3 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.

These 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. For more information, see 4.3.2.2 Acquisition and Tracking Modes.

* The ACQbitis set when the VCO frequency is within a certain tolerance, Atrk, and is cleared when
the VCO frequency is out of a certain tolerance, Aynt. For more information, see 4.8
Acquisition/Lock Time Specifications.

* 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, Ay, and is cleared
when the VCO frequency is out of a certain tolerance, AyyL. For more information, see 4.8
Acquisition/Lock Time Specifications.

e CPU interrupts can occur if enabled (PLLIE = 1) when the PLL’s lock condition changes, toggling
the LOCK bit. For more information, see 4.5.1 PLL Control Register.
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Functional Description

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
fsusmax and require fast startup. These 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.

4.3.2.4 Programming the PLL
Use this 9-step procedure to program the PLL. Table 4-1 lists the variables used and their meaning.

Table 4-1. Variable Definitions

Variable Definition

fBusDES Desired bus clock frequency

fvcLkDES Desired VCO clock frequency
frRoLk Chosen reference crystal frequency
fvcLk Calculated VCO clock frequency
faus Calculated bus clock frequency
fnoM Nominal VCO center frequency
fvrs Shifted FCO center frequency

Choose the desired bus frequency, fgyspes-
Example: fgyspes = 8 MHz
Calculate the desired VCO frequency, fycLkpEs-
fvcLkpes =4 X feuspes
Example: fyc kpes = 4 X 8 MHz = 32 MHz

Using a reference frequency, frck, equal to the crystal frequency, calculate the VCO frequency
multiplier, N. Round the result to the nearest integer.

fycLkDES
N= —
froLk
Example: N = S2MHZ _ g\
4 MHz

Calculate the VCO frequency, fyc k-
fvcrk = N xfrerk

Example: fyc k = 8 x4 MHz = 32 MHz
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Port E

10.6.2 Data Direction Register E

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

Address:  $000C

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Write: DDRE7 DDRE6 DDRE5 DDRE4 DDRE3 DDRE2 DDRE1 DDREO
Reset: 0 0 0 0 0 0 0 0

Figure 10-14. Data Direction Register E (DDRE)

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

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

Figure 10-15 shows the port E 1/O logic.

4™\ READ DDRE ($000C)

WRITE DDRE ($000C)

9 DDREX

= RESET —»

<C

=

3 WRITE PTE ($0008)

2 >~ PTEX ’ > PTEX

(o

NN )

E 3
READ PTE ($0008) }/]

AV ~d

Figure 10-15. Port E I/O Circuit

When bit DDREX is a logic 1, reading address $0008 reads the PTEx data latch. When bit DDREXx is a
logic 0, reading address $0008 reads the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 10-5 summarizes the operation of the port E pins.

Table 10-5. Port E Pin Functions

. . . Accesses to DDRE Accesses to PTE
DDRE Bit PTE Bit I/0 Pin Mode
Read/Write Read Write
0 x(1) Input, Hi-Z®? DDRE[7:0] Pin PTE[7:0]®)
1 X Output DDRE[7:0] PTE[7:0] PTE[7:0]

1. X =don’t care
2. Hi-Z = high impedance
3. Writing affects data register, but does not affect input.
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Input/Output (I/0) Ports (PORTS)
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Pulse-Width Modulator for Motor Control (PWMMC)

12.3 Timebase

This section provides a discussion of the timebase.

12.3.1 Resolution

In center-aligned mode, a 12-bit up/down counter is used to create the PWM period. Therefore, the PWM
resolution in center-aligned mode is two clocks (highest resolution is 250 ns @ fop = 8 MHz) as shown in
Figure 12-4. The up/down counter uses the value in the timer modulus register to determine its maximum
count. The PWM period will equal:

[(timer modulus) x (PWM clock period) x 2].

UP/DOWN COUNTER
MODULUS =4

- L

| «—————— PERIOD = 8 X (PWM CLOCK PERIOD) ———— |
| |

PWM=0

PWM =1

PWM =2

PWM =3

PWM =4

Figure 12-4. Center-Alighed PWM (Positive Polarity)
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Pulse-Width Modulator for Motor Control (PWMMC)

LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)

UP/DOWN
COUNTER
LDOK =1 LDOK =0 LDOK =1 LDOK=0
MODULUS =3 MODULUS =3 MODULUS =3 MODULUS =3
PWM VALUE = 1 PWM VALUE =2 PWM VALUE =2 PWM VALUE =1
PWMF SET PWMF SET PWMF SET PWMF SET

PWM —l

Figure 12-8. Center-Aligned PWM Value Loading

LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)

UP/DOWN
COUNTER
LDOK =1 LDOK =1 LDOK =1 LDOK =1 LDOK =0
MODULUS =2 MODULUS =3 MODULUS=2  MODULUS=1  MODULUS =2
PWM VALUE = 1 PWM VALUE =1 PWMVALUE=1 PWMVALUE=1 PWM VALUE =1
PWMF SET PWMF SET PWMF SET PWMF SET PWMF SET

| [ ] I

Figure 12-9. Center-Aligned Loading of Modulus

LDFQ1:LDFQO = 00 (RELOAD EVERY CYCLE)

UP-ONLY
COUNTER

P

LDOK =1 LDOK =0 LDOK = 1 LDOK=0 LDOK =0
MODULUS=3 MODULUS=3 MODULUS=3 MODULUS=3  MODULUS=3
PWMVALUE=1 PWMVALUE=2 PWMVALUE=2 PWMVALUE=1 PWM VALUE =1
PWMF SET PWMF SET PWMF SET PWMF SET PWMF SET

PWM

Figure 12-10. Edge-Aligned PWM Value Loading
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Pulse-Width Modulator for Motor Control (PWMMC)

FILTERED FAULT PIN

| PwMmE)ENABLED | | PWM(S) DISABLED (INACTIVE) | | PwM(s) ENABLED
Figure 12-28. PWM Disabling in Automatic Mode

If prior to a vector fetch, the interrupt request latch is cleared by one of the actions listed, a CPU interrupt
will no longer be requested. A vector fetch does not alter the state of the PWMs, the FFLAGx event flag,
or FINTX.

NOTE
If the FFLAGXx or FINTXx bits are not cleared during the interrupt service
routine, the interrupt request latch will not be cleared.

12.6.1.3 Manual Mode

In manual mode, the PWM(s) are disabled immediately once a filtered fault condition is detected (logic
high). The PWM(s) remain disabled until software clears the corresponding FFLAGx event bit and a new
PWM cycle begins. In manual mode, the fault pins are grouped in pairs, each pair sharing common
functionality. A fault condition on pins 1 and 3 may be cleared, allowing the PWM(s) to enable at the start
of a PWM cycle regardless of the logic level at the fault pin. See Figure 12-29. A fault condition on pins 2
and 4 can only be cleared, allowing the PWM(s) to enable, if a logic low level at the fault pin is present at
the start of a PWM cycle. See Figure 12-30.

The function of the fault control and event bits is the same as in automatic mode except that the PWMs
are not re-enabled until the FFLAGXx event bit is cleared by writing to the FTACKXx bit and the filtered fault
condition is cleared (logic low).

FILTERED FAULT PIN 1 OR 3

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

T

FFLAGX CLEARED
Figure 12-29. PWM Disabling in Manual Mode (Example 1)
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Serial Communications Interface Module (SCI)

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
. Read:
SCI Control Register 1 | LooPS | ENSCI | TXINV M WAKE | ILTY PEN PTY
$0038 (SCC1)  Write:
Seepage 169.  peet ¢ 0 0 0 0 0 0 0
SCI Control Register 2 Read:
g "l SCTE | TCIE | SCRE | ILE TE RE RWU SBK
$0039 (SCC2) Write:
Seepage 171 Roget: 0 0 0 0 0 0 0 0
SCI Control Register 3 Read: R8 T8 0 0 ORIE NEIE FEIE PEIE
$003A (SCC3)  Write:] R R R
Seepage 173.  Reget U u 0 0 0 0 0 0
SCl Status Register 1 ead:| SCTE TC SCRF | IDLE OR NF FE PE
$003B (SCS1)  Write| R R R R R R R R
Seepage 174.  Roge: 1 1 0 0 0 0 0 0
SCI Status Register 2 Read: 0 0 0 0 0 0 BKF RPF
$003C (SCS2)  Write| R R R R R R R R
Seepage 176.  pRecet: ¢ 0 0 0 0 0 0 0
SCl Data Register ~ Pead:[_ R R6 R5 R4 R3 R2 Ri RO
$003D (SCDR)  Write:| 717 6 T5 T4 T3 2 Ti T0
Seepage 177.  Reget: Unaffected by reset
; Read: 0 0 0
SCl Baud Rate Register , SCP1 | SCPO SCR2 | SCR1 | SCRO
$003E (SCBR)  Write| R R R
Seepage 177.  Reet: 0 0 0 0 0 0 0 0

III = Reserved U = Unaffected

Figure 13-3. SCI I/O Register Summary

13.3.1 Data Format
The SCI uses the standard non-return-to-zero mark/space data format illustrated in Figure 13-4.

8-BIT DATA FORMAT
POSSIBLE
BIT M IN SCC1 CLEAR 0SsiBL
BIT NEXT
START START
“\7er [ emo { mmt \ em2 Y B Y 874 [ BT5 | BTe | By f sT0P \er [
9-BIT DATA FORMAT
BIT MIN SCC1 SET POSSIBLE
PARITY
BIT NEXT

_\SE?TA BTo { BIT1 ) BIT2 ) BIT3 ) BIT4 | BIT5 | BIT6 | BIT7 | BTS Ysglc%P \STBﬁ\PT(

Figure 13-4. SCI Data Formats
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13.3.2 Transmitter

Figure 13-5 shows the structure of the SCI transmitter.

INTERNAL BUS

Functional Description

<

U

a
<©

[— PTF5/TXD

PRE- BAUD
+4 SCALER | DIVIDER +16 > SCI DATA REGISTER
A A A1l
v R
SCP1 11-BIT —
SCPO S TRANSMIT [
Py 5 SHIFT REGISTER 5
SCR1 \H\ﬁ\7\6\5\4\3\2\1\0\t\
SCRO
3
TXINV }—» L
A | ] ] ]
5
PEN 1  PARITY 3 W
—
PTY L] GENERATION = o % ol s
o = =T, E —
[ L —
— << — [
2 | g=<| @
T8 S | =
TRANSMITTER CPU
INTERRUPT REQUEST TRANSMITTER
\ CONTROL LOGIC

SCTE
1€ T |
TCIE TCIE

Figure 13-5. SCI Transmitter

SBK

LOOPS

ENSCI

TE
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I/0 Registers

RPF —Reception-in-Progress Flag

This read-only bit is set when the receiver detects a logic 0 during the RT1 time period of the start bit
search. RPF does not generate an interrupt request. RPF is reset after the receiver detects false start
bits (usually from noise or a baud rate mismatch, or when the receiver detects an idle character. Polling
RPF before disabling the SCI module or entering stop mode can show whether a reception is in
progress.

1 = Reception in progress

0 = No reception in progress

13.7.6 SCI Data Register

The SCI data register (SCDR) is the buffer between the internal data bus and the receive and transmit
shift registers. Reset has no effect on data in the SCI data register.

Address:  $003D

Bit7 6 5 4 3 2 1 Bit 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T TO
Reset: Unaffected by reset

Figure 13-14. SCI Data Register (SCDR)

R7/T7:R0/T0 — Receive/Transmit Data Bits
Reading address $003D accesses the read-only received data bits, R7:R0. Writing to address $003D
writes the data to be transmitted, T7:TO. Reset has no effect on the SCI data register.

13.7.7 SCI Baud Rate Register

The baud rate register (SCBR) selects the baud rate for both the receiver and the transmitter.

Address:  $003E

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
) SCP1 SCPO SCR2 SCR1 SCRO
Write: R R R
Reset: 0 0 0 0 0 0 0 0

II' = Reserved

Figure 13-15. SCI Baud Rate Register (SCBR)

SCP1 and SCP0 — SCI Baud Rate Prescaler Bits
These read/write bits select the baud rate prescaler divisor as shown in Table 13-5. Reset clears SCP1
and SCPO.

Table 13-5. SCI Baud Rate Prescaling

SCP1:SCPO Prescaler Divisor (PD)
00 1
01 3
10 4
11 13
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Serial Peripheral Interface Module (SPI)

When CPHA = 1, the first SPSCK cycle begins with an edge on the SPSCK line from its inactive to its
active level. The SPI clock rate (selected by SPR1:SPRO) affects the delay from the write to SPDR and
the start of the SPI transmission. See Figure 15-8 The internal SPI clock in the master is a free-running
derivative of the internal MCU clock. To conserve power, it is enabled only when both the SPE and
SPMSTR bits are set. SPSCK edges occur halfway through the low time of the internal MCU clock. Since
the SPI clock is free-running, it is uncertain where the write to the SPDR occurs relative to the slower
SPSCK. This uncertainty causes the variation in the initiation delay shown in Figure 15-8. This delay is
no longer than a single SPI bit time. That is, the maximum delay is two MCU bus cycles for DIV2, eight
MCU bus cycles for DIV8, 32 MCU bus cycles for DIV32, and 128 MCU bus cycles for DIV128.

WRITE
‘ TO SPDR F—V INITIATION DELAY
BUS
aock \ S\ NS L

MOSI MSB >< BIT6 >< BITS >(
SPSCK
SPSCK

CPHA =0 \_/—\I

SPSCK CYCLE
NUMBER ‘ 1 \ 2 | 3
/4INITIATION DELAY FROM WRITE SPDR TO TRANSFER BEGIN
WRITE
TO SPDR
CLOCK
| * ? SPSCK = INTERNAL CLOCK + 2;
EARLIEST LATEST ™ pOsSIBLE START POINTS
WRITE ‘
TO SPDR

ak /SN
1 S S SO S AU S R

EARLIEST SPSCK = INTERNAL CLOCK = 8; LATEST
WRITE ‘ 8 POSSIBLE START POINTS

TO SPDR

N VA AW
o by

EARLIEST SPSCK = INTERNAL CLOCK ~+ 32; LATEST
WRITE ‘ 32 POSSIBLE START POINTS

TO SPDR

N VA A WaAAN
Lo by

EARLIEST SPSCK = INTERNAL CLOCK + 128; LATEST
128 POSSIBLE START POINTS

Figure 15-8. Transmission Start Delay (Master)
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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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1/0 Signals

The SPI has limited inter-integrated circuit (1°C) capability (requiring software support) as a master in a
single-master environment. To communicate with 1°C peripherals, MOSI becomes an open-drain output
when the SPWOM bit in the SPI control register is set. In |2C communication, the MOSI and MISO pins
are connected to a bidirectional pin from the 1°C peripheral and through a pullup resistor to Vpp.

15.11.1 MISO (Master In/Slave Out)

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

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

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

15.11.2 MOSI (Master Out/Slave In)

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

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

15.11.3 SPSCK (Serial Clock)

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

When enabled, the SPI controls data direction of the SPSCK pin regardless of the state of the data
direction register of the shared 1/O port.

15.11.4 SS (Slave Select)

The SS pin has various functions depending on the current state of the SPI. For an SPI configured as a
slave, the SS is used to select a slave. For CPHA = 0, the SS is used to define the start of a transmission.
See 15.5 Transmission Formats. Since it is used to indicate the start of a transmission, the SS must be
toggled high and low between each byte transmitted for the CPHA = 0 format. However, it can remain low
between transmissions for the CPHA = 1 format. See Figure 15-13.

misomos BYTE 1 i BYTE 2 \ BYTE 3 |
MASTER S5 |/ \
WEF | n —
BES | r

Figure 15-13. CPHA/SS Timing
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Timer Interface A (TIMA)

Address: $000E

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PSO
Write: 0 TRST R
Reset: 0 0 1 0 0 0 0 0

|I| = Reserved

Figure 16-5. TIMA Status and Control Register (TASC)

TOF — TIMA Overflow Flag

This read/write flag is set when the TIMA counter reaches the modulo value programmed in the TIMA
counter modulo registers. Clear TOF by reading the TIMA status and control register when TOF is set
and then writing a logic 0 to TOF. If another TIMA 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 = TIMA counter has reached modulo value.

0 = TIMA counter has not reached modulo value.

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

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

NOTE
Do not set the TSTOP bit before entering wait mode if the TIMA is required
to exit wait mode. Also when the TSTOP bit is set and the timer is
configured for input capture operation, input captures are inhibited until the
TSTORP bit is cleared.

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

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIMA counter
at a value of $0000.
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Development Support

Features include:
¢ Normal user-mode pin functionality
* One pin dedicated to serial communication between monitor ROM and host computer
e Standard mark/space non-return-to-zero (NRZ) communication with host computer
* 4800 baud—-28.8 Kbaud communication with host computer
* Execution of code in random-access memory (RAM) or ROM
* FLASH programming

18.3.1 Functional Description

The monitor ROM receives and executes commands from a host computer. Figure 18-8 shows a sample
circuit used to enter monitor mode and communicate with a host computer via a standard RS-232
interface.

Simple monitor commands can access any memory address. In monitor mode, the MCU can execute
host-computer code in RAM while all MCU pins retain normal operating mode functions. All
communication between the host computer and the MCU is through the PTAO pin. A level-shifting and
multiplexing interface is required between PTAO and the host computer. PTAQ is used in a wired-OR
configuration and requires a pullup resistor.

18.3.1.1 Entering Monitor Mode

There are two methods for entering monitor:
e Thefirstis the traditional M68HC08 method where Vpp + Vi, is applied to IRQ1 and the mode pins
are configured appropriately.
* A second method, intended for in-circuit programming applications, will force entry into monitor
mode without requiring high voltage on the IRQ1 pin when the reset vector locations of the FLASH
are erased ($FF).

NOTE
For both methods, holding the PTCZ2 pin low when entering monitor mode
causes a bypass of a divide-by-two stage at the oscillator. The CGMOUT
frequency is equal to the CGMXCLK frequency, and the OSC1 input
directly generates internal bus clocks. In this case, the OSC1 signal must
have a 50 percent duty cycle at maximum bus frequency.

Table 18-1 is a summary of the differences between user mode and monitor mode.

Table 18-1. Mode Differences

Functions
Modes COP Rest Reset Break Break swi swi
Vector High Vector Low Vector High Vector Low Vector High Vector Low
User Enabled $FFFE $FFFF $FFFC $FFFD $FFFC $FFFD
Monitor | Disabled(") $FEFE $FEFF $FEFC $FEFD $FEFC $FEFD

1. If the high voltage (Vpp + Vi) is removed from the IRQ1 pin or the RST pin, the SIM asserts its COP enable output. The
COP is a mask option enabled or disabled by the COPD bit in the configuration register.

18.3.1.2 Normal Monitor Mode

Table 18-2 shows the pin conditions for entering monitor mode.
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Chapter 20
Ordering Information and Mechanical Specifications

20.1 Introduction

This section provides ordering information for the MC68HC908MR16 and MC68HC908MR32 along with
the dimensions for:

* 64-lead plastic quad flat pack (QFP)
e 56-pin shrink dual in-line package (SDIP)

The following figures show the latest package drawings at the time of this publication. To make sure that
you have the latest package specifications, contact your local Freescale Sales Office.

20.2 Order Numbers
Table 20-1. Order Numbers

Operating
(1)
MC Order Number Temperature Range
68HC908MR16CFU —40°C to +85°C
68HC908MR16VFU —40°C to +105°C
68HC908MR16CB —40°C to +85°C
68HC908MR16VB —40°C to +105°C
68HC908MR32CFU —40°C to +85°C
68HC908MR32VFU —40°C to +105°C
68HC908MR32CB —40°C to +85°C
68HC908MR32VB —40°C to +105°C
1. FU = quad flat pack
B = shrink dual in-line package
MC68HC908MR32XXX
FAMILY PACKAGE DESIGNATOR
TEMPERATURE RANGE

Figure 20-1. Device Numbering System
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