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PTI

o _‘ N PIN

DDR 0

data out

Module output enable

module enable

Figure 2-64. lllustration of I/O pin functionality

24.2.4 Reduced drive register (RDRXx)

If the pinisused asan output thisregister allowsthe configuration of the drive strength independent of the |
use with a peripheral module.

2.4.2.5 Pull device enable register (PERX)

This register turns on a pull-up or pull-down device on the related pins determined by the associated
polarity select register (2.4.2.6/2-102).

The pull device becomes active only if the pinisused as an input or as awired-or output. Some peripheral
module only allow certain configurations of pull devicesto become active. Refer to the respective bit
descriptions.

2.4.2.6 Polarity select register (PPSx)
Thisregister selects either a pull-up or pull-down device if enabled.

It becomes only active if the pinisused asaninput. A pull-up device can be activated if the pinisused as
awired-or output.

2.4.2.7 Wired-or mode register (WOMx)

If the pin is used as an output this register turns off the active high drive. This allows wired-or type
connections of outputs.
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Read: Anytime.
Write: Only if a transition is allowed (see Figure 3-4).

The MODC bit of the MODE register is used to select the MCU’s operating mode.
Table 3-5. MODE Field Descriptions

Field Description

7 Mode Select Bit — This bit controls the current operating mode during RESET high (inactive). The external
MODC mode pin MODC determines the operating mode during RESET low (active). The state of the pin is registered
into the respective register bit after the RESET signal goes inactive (see Figure 3-4).

Write restrictions exist to disallow transitions between certain modes. Figure 3-4 illustrates all allowed mode
changes. Attempting non authorized transitions will not change the MODE bit, but it will block further writes to
the register bit except in special modes.

Write accesses to the MODE register are blocked when the device is secured.

Normal Special

Single-Chip Single-Chip
(NS) (SS)
1 0

Figure 3-4. Mode Transition Diagram when MCU is Unsecured

3.3.2.2 Direct Page Register (DIRECT)

Address: 0x0011

7 6 5 4 3 2 1 0
R
DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
w
Reset 0 0 0 0 0 0 0 0

Figure 3-5. Direct Register (DIRECT)
Read: Anytime

Write: anytime in special SS, writr-one in NS.

This register determines the position of the 256 Byte direct page within the memory map.It is valid for both
global and local mapping scheme.
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3.6 Initialization/Application Information

3.6.1 CALL and RTC Instructions

CALL and RTC instructions are uninterruptable CPU instructions that automate page switching in the
program page window. The CALL instruction is similar to the JSR instruction, but the subroutine that is
called can be located anywhere in the local address space or in any Flash or ROM page visible through the
program page window. The CALL instruction calculates and stacks a return address, stacks the current
PPAGE value and writes a new instruction-supplied value to the PPAGE register. The PPAGE value
controls which of the 256 possible pages is visible through the 16 Kbyte program page window in the
64 Kbyte local CPU memory map. Execution then begins at the address of the called subroutine.

During the execution of the CALL instruction, the CPU performs the following steps:

1. Writes the current PPAGE value into an internal temporary register and writes the new instruction-
supplied PPAGE value into the PPAGE register

2. Calculates the address of the next instruction after the CALL instruction (the return address) and
pushes this 16-bit value onto the stack

3. Pushes the temporarily stored PPAGE value onto the stack

Calculates the effective address of the subroutine, refills the queue and begins execution at the new
address

This sequence is uninterruptable. There is no need to inhibit interrupts during the CALL instruction
execution. A CALL instruction can be performed from any address to any other address in the local CPU
memory space.

The PPAGE value supplied by the instruction is part of the effective address of the CPU. For all addressing
mode variations (except indexed-indirect modes) the new page value is provided by an immediate operand
in the instruction. In indexed-indirect variations of the CALL instruction a pointer specifies memory
locations where the new page value and the address of the called subroutine are stored. Using indirect
addressing for both the new page value and the address within the page allows usage of values calculated
at run time rather than immediate values that must be known at the time of assembly.

The RTC instruction terminates subroutines invoked by a CALL instruction. The RTC instruction unstacks
the PPAGE value and the return address and refills the queue. Execution resumes with the next instruction
after the CALL instruction.
During the execution of an RTC instruction the CPU performs the following steps:

1. Pulls the previously stored PPAGE value from the stack

2. Pulls the 16-bit return address from the stack and loads it into the PC

3. Writes the PPAGE value into the PPAGE register

4. Refills the queue and resumes execution at the return address

This sequence is uninterruptable. The RTC can be executed from anywhere in the local CPU memory
space.

The CALL and RTC instructions behave like JSR and RTS instruction, they however require more
execution cycles. Usage of JISR/RTS instructions is therefore recommended when possible and
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5.3.3 Family ID Assignment

The family ID is an 8-bit value located in the BDM ROM in active BDM (at global address: 0x3_FFOF).
The read-only value is a unique family ID which is 0xC2 for devices with an HCS12S core.

5.4  Functional Description

The BDM receives and executes commands from a host via a single wire serial interface. There are two
types of BDM commands: hardware and firmware commands.

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode, see Section 5.4.3, “BDM Hardware Commands”. Target system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background debug
mode, see Section 5.4.4, “Standard BDM Firmware Commands”. The CPU resources referred to are the
accumulator (D), X index register (X), Y index register (Y), stack pointer (SP), and program counter (PC).

Hardware commands can be executed at any time and in any mode excluding a few exceptions as
highlighted (see Section 5.4.3, “BDM Hardware Commands”) and in secure mode (see Section 5.4.1,
“Security””). BDM firmware commands can only be executed when the system is not secure and is in active
background debug mode (BDM).

54.1 Security

If the user resets into special single chip mode with the system secured, a secured mode BDM firmware
lookup table is brought into the map overlapping a portion of the standard BDM firmware lookup table.
The secure BDM firmware verifies that the on-chip Flash EEPROM are erased. This being the case, the
UNSEC and ENBDM bit will get set. The BDM program jumps to the start of the standard BDM firmware
and the secured mode BDM firmware is turned off and all BDM commands are allowed. If the Flash does
not verify as erased, the BDM firmware sets the ENBDM bit, without asserting UNSEC, and the firmware
enters a loop. This causes the BDM hardware commands to become enabled, but does not enable the
firmware commands. This allows the BDM hardware to be used to erase the Flash.

BDM operation is not possible in any other mode than special single chip mode when the device is secured.
The device can only be unsecured via BDM serial interface in special single chip mode. For more
information regarding security, please see the S12S_9SEC Block Guide.

5.4.2 Enabling and Activating BDM

The system must be in active BDM to execute standard BDM firmware commands. BDM can be activated
only after being enabled. BDM is enabled by setting the ENBDM bit in the BDM status (BDMSTYS)
register. The ENBDM bit is set by writing to the BDM status (BDMSTYS) register, via the single-wire
interface, using a hardware command such as WRITE_BD_BYTE.

After being enabled, BDM is activated by one of the followingl:

*  Hardware BACKGROUND command

1. BDM is enabled and active immediately out of special single-chip reset.
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7.3.2.3 S12CPMU Post Divider Register (CPMUPOSTDIV)

The POSTDIV register controls the frequency ratio between the VCOCLK and the PLLCLK.

0x0036
7 6 4 3 2 1 0
R 0 0 0
POSTDIV[4:0]
W
Reset 0 0 0 0 0 0 1 1
= Unimplemented or Reserved

Figure 7-6. S12CPMU Post Divider Register (CPMUPOSTDIV)
Read: Anytime

Write: If PLLSEL=1 write anytime, else write has no effect.

f

If PLL is locked (LOCK=1) fprp = %
; fVCO

If PLL is not locked (LOCK=0) fp;; = —
i fPLL

If PLL is selected (PLLSEL=1) f, = —

7.3.24 S12CPMU Flags Register (CPMUFLG)

This register provides S12CPMU status bits and flags.

0x0037
7 6 5 4 3 2 1 0
R LOCK UPOSC
RTIF PORF LVRF LOCKIF ILAF OSCIF
W
Reset 0 Note 1 Note 2 0 0 Note 3 0 0

1. PORF is set to 1 when a power on reset occurs. Unaffected by System Reset.
2. LVRF is set to 1 when a low voltage reset occurs. Unaffected by System Reset. Set by power on reset.
3. ILAF is set to 1 when an illegal address reset occurs. Unaffected by System Reset. Cleared by power on reset.

= Unimplemented or Reserved

Figure 7-7. S12CPMU Flags Register (CPMUFLG)
Read: Anytime
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7.3.2.5 S12CPMU Interrupt Enable Register (CPMUINT)

This register enables S12CPMU interrupt requests.

0x0038
7 6 4 2 1
R 0 0 0 0 0
RTIE LOCKIE OSCIE
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Read: Anytime

Write: Anytime

Figure 7-8. S12CPMU Interrupt Enable Register (CPMUINT)

Table 7-4. CRGINT Field Descriptions

Field Description
7 Real Time Interrupt Enable Bit
RTIE 0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.
4 PLL Lock Interrupt Enable Bit
LOCKIE |0 PLL LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.
1 Oscillator Corrupt Interrupt Enable Bit
OSCIE 0 Oscillator Corrupt interrupt requests are disabled.
1 Interrupt will be requested whenever OSCIF is set.
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7.3.2.21

S12CPMU Oscillator Register (CPMUOSC)

This registers configures the external oscillator (OSCLCP).

OX02FA
7 6 4 3 2 1 0
R 0
OSCE OSCBW OSCFILT[4:0]
W
Reset 0 0 0 0 0 0 0 0

Figure 7-28. S12CPMU Oscillator Register (CPMUOSC)

Read: Anytime

Write: If PROT=0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register), then write anytime.
Else write has no effect.

NOTE.
Write to this register clears the LOCK and UPOSC status bits.

NOTE.

If the chosen VCOCLK-to-OSCCLK ratio divided by two is not an integer
number, then the filter can not be used and the OSCFILT[4:0] bits must be
set to 0.

Table 7-22. CPMUOSC Field Descriptions

Field

Description

OSCE

Oscillator Enable Bit — This bit enables the external oscillator (OSCLCP). The UPOSC status bit in the
CPMUFLG register indicates when the oscillation is stable and OSCCLK can be selected as Bus Clock or source
of the COP or RTI. A loss of oscillation will lead to a clock monitor reset.
0 External oscillator is disabled.

REFCLK for PLL is IRCCLK.
1 External oscillator is enabled.Clock monitor is enabled.

REFCLK for PLL is the external oscillator clock divided by REFDIV.

Note: When starting up the external oscillator (either by programming OSCE bit to 1 or on exit from Full Stop
Mode with OSCE bit is already 1) the software must wait for a minimum time equivalent to the startup-time
of the external oscillator tpgsc before entering Pseudo Stop Mode.

osCcBwW

Oscillator Filter Bandwidth Bit — If the VCOCLK frequency exceeds 25 MHz wide bandwidth must be
selected.The Oscillator Filter is described in more detail at Section 7.4.5.2, “The Adaptive Oscillator Filter.
0 Oscillator filter bandwidth is narrow (window for expected OSCCLK edge is one VCOCLK cycle).

1 Oscillator filter bandwidth is wide (window for expected OSCCLK edge is three VCOCLK cycles).

4-0
OSCFILT

Oscillator Filter Bits — When using the oscillator a noise filter can be enabled, which filters noise from the
OSCCLK and detects if the OSCCLK is qualified or not (quality status shown by bit UPOSC).

The fy o -to- f ogc ratio divided by two must be an integer value. The OSCFILT[4:0] bits must be set to the
calculated integer value to enable the oscillator filter).

0x0000 Oscillator Filter disabled.

else Oscillator Filter enabled:
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Module Base + 0x0006

Access: User read/write(V)

2 1 0
R 0 0 0 0 0
TXE2 TXE1 TXEO
w
Reset: 0 0 0 1 1 1
= Unimplemented

Figure 8-10. MSCAN Transmitter Flag Register (CANTFLG)

1. Read: Anytime
Write: Anytime when not in initialization mode; write of 1 clears flag, write of O is ignored

NOTE

The CANTFLG register is held in the reset state when the initialization
modeisactive (INITRQ=21and INITAK = 1). Thisregister iswritablewhen
not in initialization mode (INITRQ = 0 and INITAK = 0).

Table 8-13. CANTFLG Register Field Descriptions

Field

Description

2-0
TXE[2:0]

Transmitter Buffer Empty — This flag indicates that the associated transmit message buffer is empty, and thus
not scheduled for transmission. The CPU must clear the flag after a message is set up in the transmit buffer and

is due for transmission. The MSCAN sets the flag after the message is sent successfully. The flag is also set by
the MSCAN when the transmission request is successfully aborted due to a pending abort request (see
Section 8.3.2.9, “MSCAN Transmitter Message Abort Request Register (CANTARQ)"). If not masked, a transmit
interrupt is pending while this flag is set.

Clearing a TXEXx flag also clears the corresponding ABTAKx (see Section 8.3.2.10, “MSCAN Transmitter
Message Abort Acknowledge Register (CANTAAK)"). When a TXEX flag is set, the corresponding ABTRQXx bit
is cleared (see Section 8.3.2.9, “MSCAN Transmitter Message Abort Request Register (CANTARQ)").

When listen-mode is active (see Section 8.3.2.2, “MSCAN Control Register 1 (CANCTL1)") the TXEXx flags
cannot be cleared and no transmission is started.

Read and write accesses to the transmit buffer will be blocked, if the corresponding TXEX bit is cleared

(TXEx = 0) and the buffer is scheduled for transmission.

0 The associated message buffer is full (loaded with a message due for transmission)

1 The associated message buffer is empty (not scheduled)

8.3.2.8 MSCAN Transmitter Interrupt Enable Register (CANTIER)

Thisregister contains the interrupt enable bits for the transmit buffer empty interrupt flags.

Module Base + 0x0007 Access: User read/write(?)

2 1 0
R 0 0 0 0 0
TXEIE2 TXEIE1 TXEIEQ
w
Reset: 0 0 0 0 0 0
= Unimplemented

Figure 8-11. MSCAN Transmitter Interrupt Enable Register (CANTIER)
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Freescale’s Scalable Controller Area Network (S12MSCANV3)

1. Read: Anytime when TXEXx flag is set (see Section 8.3.2.7, “MSCAN Transmitter Flag Register (CANTFLG)") and the

corresponding transmit buffer is selected in CANTBSEL (see Section 8.3.2.11, “MSCAN Transmit Buffer Selection Register
(CANTBSEL)")

Write: Unimplemented
8.4  Functional Description

8.4.1 General

This section provides a complete functional description of the MSCAN.
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{ /idth Modulator (PMW8B6CV1) Block Description
Table 10-2. PWME Field Descriptions (continued)
Field Description
1 Pulse Width Channel 1 Enable

PWME1 |0 Pulse width channel 1 is disabled.
1 Pulse width channel 1 is enabled. The pulse modulated signal becomes available at PWM, output bit 1 when

its clock source begins its next cycle.

0 Pulse Width Channel 0 Enable

PWMEO |0 Pulse width channel O is disabled.

1 Pulse width channel 0 is enabled. The pulse modulated signal becomes available at PWM, output bit 0 when
its clock source begins its next cycle. If CONO1 = 1, then bit has no effect and PWM output line 0 is disabled.

10.3.2.2 PWM Polarity Register (PWMPOL)

The starting polarity of each PWM channel waveform is determined by the associated PPOLXx bit in the
PWMPOL register. If the polarity bit is 1, the PWM channel output is high at the beginning of the cycle
and then goes low when the duty count is reached. Conversely, if the polarity bit is 0 the output starts low
and then goes high when the duty count is reached.

Module Base + 0x0001

7 6 5 4 3 2 1 0
R 0 0
PPOLS PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 10-4. PWM Polarity Register (PWMPOL)
Read: anytime
Write: anytime
NOTE

PPOLXx register bits can be written anytime. If the polarity is changed while
a PWM signal is being generated, a truncated or stretched pulse can occur
during the transition

Table 10-3. PWMPOL Field Descriptions

Field Description

5 Pulse Width Channel 5 Polarity
PPOL5 0 PWM channel 5 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 5 output is high at the beginning of the period, then goes low when the duty count is reached.

4 Pulse Width Channel 4 Polarity
PPOL4 0 PWM channel 4 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 4 output is high at the beginning of the period, then goes low when the duty count is reached.

S12P-Family Reference Manual, Rev. 1.14
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Table 10-3. PWMPOL Field Descriptions (continued)

Field Description

3 Pulse Width Channel 3 Polarity
PPOL3 0 PWM channel 3 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 3 output is high at the beginning of the period, then goes low when the duty count is reached.

2 Pulse Width Channel 2 Polarity
PPOL2 0 PWM channel 2 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 2 output is high at the beginning of the period, then goes low when the duty count is reached.

1 Pulse Width Channel 1 Polarity
PPOL1 0 PWM channel 1 output is low at the beginning of the period, then goes high when the duty count is reached.
1 PWM channel 1 output is high at the beginning of the period, then goes low when the duty count is reached.

0 Pulse Width Channel 0 Polarity
PPOLO 0 PWM channel 0 output is low at the beginning of the period, then goes high when the duty count is reached
1 PWM channel O output is high at the beginning of the period, then goes low when the duty count is reached.

10.3.2.3 PWM Clock Select Register (PWMCLK)

Each PWM channel has a choice of two clocks to use as the clock source for that channel as described
below.

Module Base + 0x0002

7 6 5 4 3 2 1 0
R 0 0
PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 10-5. PWM Clock Select Register (PWMCLK)
Read: anytime
Write: anytime

NOTE

Register bits PCLKO to PCLKS5 can be written anytime. If a clock select is
changed while a PWM signal is being generated, a truncated or stretched
pulse can occur during the transition.
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Serial Communication Interface (S12SCIV5)

Write: Anytime

Table 11-12. SCISR2 Field Descriptions

Field Description
7 Alternative Map — This bit controls which registers sharing the same address space are accessible. In the reset
AMAP condition the SCI behaves as previous versions. Setting AMAP=1 allows the access to another set of control and
status registers and hides the baud rate and SCI control Register 1.
0 The registers labelled SCIBDH (0x0000),SCIBDL (0x0001), SCICR1 (0x0002) are accessible
1 The registers labelled SCIASR1 (0x0000),SCIACR1 (0x0001), SCIACR2 (0x00002) are accessible
4 Transmit Polarity — This bit control the polarity of the transmitted data. In NRZ format, a one is represented by
TXPOL a mark and a zero is represented by a space for normal polarity, and the opposite for inverted polarity. In IrDA
format, a zero is represented by short high pulse in the middle of a bit time remaining idle low for a one for normal
polarity, and a zero is represented by short low pulse in the middle of a bit time remaining idle high for a one for
inverted polarity.
0 Normal polarity
1 Inverted polarity
3 Receive Polarity — This bit control the polarity of the received data. In NRZ format, a one is represented by a
RXPOL mark and a zero is represented by a space for normal polarity, and the opposite for inverted polarity. In IrDA
format, a zero is represented by short high pulse in the middle of a bit time remaining idle low for a one for normal
polarity, and a zero is represented by short low pulse in the middle of a bit time remaining idle high for a one for
inverted polarity.
0 Normal polarity
1 Inverted polarity
2 Break Transmit Character Length — This bit determines whether the transmit break character is 10 or 11 bit
BRK13 respectively 13 or 14 bits long. The detection of a framing error is not affected by this bit.
0 Break character is 10 or 11 hit long
1 Break character is 13 or 14 bit long
1 Transmitter Pin Data Direction in Single-Wire Mode — This bit determines whether the TXD pin is going to
TXDIR be used as an input or output, in the single-wire mode of operation. This bit is only relevant in the single-wire
mode of operation.
0 TXD pin to be used as an input in single-wire mode
1 TXD pin to be used as an output in single-wire mode
0 Receiver Active Flag — RAF is set when the receiver detects a logic 0 during the RT1 time period of the start
RAF bit search. RAF is cleared when the receiver detects an idle character.
0 No reception in progress
1 Reception in progress
11.3.2.9 SCI Data Registers (SCIDRH, SCIDRL)
Module Base + 0x0006
7 6 5 4 3 2 1 0
R R8 0 0 0 0 0 0
T8
w
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 11-12. SCI Data Registers (SCIDRH)
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Figure 11-17 shows two cases of break detect. In trace RXD_1 the break symbol starts with the start bit,
while in RXD_2 the break starts in the middle of a transmission. If BRKDFE =1, in RXD_1 case there
will be no byte transferred to the receive buffer and the RDRF flag will not be modified. Also no framing
error or parity error will be flagged from this transfer. In RXD_2 case, however the break signal starts later
during the transmission. At the expected stop bit position the byte received so far will be transferred to the
receive buffer, the receive data register full flag will be set, a framing error and if enabled and appropriate
a parity error will be set. Once the break is detected the BRKDIF flag will be set.

Start Bit Position Stop Bit Position

BRKDIF =1

RXD_1

ZeroBitCounter | 1| 2| 3| 4|56 |7 8 |910 ---

FE=1 BRKDIF =1

RXD_2

Zero Bit Counter 1|1 23| 4(5|6 |7 |8]9]10

Figure 11-17. Break Detection if BRKDFE =1 (M = 0)

11.4.5.4 Idle Characters

An idle character (or preamble) contains all logic 1s and has no start, stop, or parity bit. Idle character
length depends on the M bit in SCI control register 1 (SCICR1). The preamble is a synchronizing idle
character that begins the first transmission initiated after writing the TE bit from 0 to 1.

If the TE bit is cleared during a transmission, the TXD pin becomes idle after completion of the
transmission in progress. Clearing and then setting the TE bit during a transmission queues an idle
character to be sent after the frame currently being transmitted.

NOTE

When queueing an idle character, return the TE bit to logic 1 before the stop
bit of the current frame shifts out through the TXD pin. Setting TE after the
stop bit appears on TXD causes data previously written to the SCI data
register to be lost. Toggle the TE bit for a queued idle character while the
TDRE flag is set and immediately before writing the next byte to the SCI
data register.

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin
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To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 11-18 summarizes the results of the data bit samples.

Table 11-18. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
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 RTS8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RTS8, RT9, and RT10. Table 11-19
summarizes the results of the stop bit samples.

Table 11-19. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise 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

In Figure 11-22 the verification samples RT3 and RTS determine that the first low detected was noise and
not the beginning of a start bit. The RT clock is reset and the start bit search begins again. The noise flag
is not set because the noise occurred before the start bit was found.
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End of Idle State ____y,| |<_ Begin Transfer End Begin of Idle State
SCK Edge Number 1.3 S5 7 _9 11 13 15 17 19 21 _23_25_27_ 29 3121

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3

SAuPLE | AEEEEEENE NN
crance o OO 11T

CHANGEO —
MISO pin

[l

If next transfer begins here

SEL SS (0)
Master only

SEL SS ()

AA

L t"' t| t|_
MSB first (LSBFE = 0) MSB|Bit 14Bit 13Bit 12}Bit 11JBit 10| Bit 9|Bit 8|Bit 7|Bit 6| Bit 5[Bit 4| Bit 3|Bit 2|Bit 1| LSB| Minimum 1/2 SCK
LSB first (LSBFE = 1) LSB | Bit 1|Bit 2|Bit 3| Bit 4| Bit 5| Bit 6| Bit 7| Bit 8| Bit 9 it 10Bit L1[Bit 12Bit 13Bit 14MsB| for tn b, tL
t_ = Minimum leading time before the first SCK edge, not required for back-to-back transfers
tr = Minimum trailing time after the last SCK edge
t, = Minimum idling time between transfers (minimum SS high time), not required for back-to-back transfers

Figure 12-15. SPI Clock Format 1 (CPHA = 1), with 16-Bit Transfer Width selected (XFRW = 1)

The SS line can remain active low between successive transfers (can be tied low at all times). This format
is sometimes preferred in systems having a single fixed master and a single slave that drive the MISO data
line.

* Back-to-back transfers in master mode

In master mode, if a transmission has completed and new data is available in the SPI data register,
this data is sent out immediately without a trailing and minimum idle time.

The SPI interrupt request flag (SPIF) is common to both the master and slave modes. SPIF gets set one
half SCK cycle after the last SCK edge.

12.4.4 SPI Baud Rate Generation

Baud rate generation consists of a series of divider stages. Six bits in the SPI baud rate register (SPPR2,
SPPR1, SPPRO, SPR2, SPR1, and SPRO) determine the divisor to the SPI module clock which results in
the SPI baud rate.

The SPI clock rate is determined by the product of the value in the baud rate preselection bits
(SPPR2—-SPPRO) and the value in the baud rate selection bits (SPR2—SPRO0). The module clock divisor
equation is shown in Equation 12-3.

BaudRateDivisor = (SPPR + 1) e 2(SPR+1) Eqn. 12-3
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Table 13-14. FSTAT Field Descriptions (continued)

Field Description

3 Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
MGBUSY [0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0)

2 Reserved Bit — This bit is reserved and always reads 0.
RSVD

1-0 Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
MGSTAT[1:0] |is detected during execution of a Flash command or during the Flash reset sequence. See Section 13.4.5,
“Flash Command Description,” and Section 13.6, “Initialization” for details.

13.3.2.8 Flash Error Status Register (FERSTAT)
The FERSTAT register reflects the error status of internal Flash operations.

Offset Module Base + 0x0007

1 0
R 0 0 0 0 0 0
DFDIF SFDIF
W
Reset 0 0 0 0 0 0 0 0
I:Iz Unimplemented or Reserved
Figure 13-12. Flash Error Status Register (FERSTAT)
All flags in the FERSTAT register are readable and only writable to clear the flag.
Table 13-15. FERSTAT Field Descriptions
Field Description
1 Double Bit Fault Detect Interrupt Flag — The setting of the DFDIF flag indicates that a double bit fault was

DFDIF detected in the stored parity and data bits during a Flash array read operation or that a Flash array read operation
was attempted on a Flash block that was under a Flash command operation.(l) The DFDIF flag is cleared by
writing a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.

0 No double bit fault detected

1 Double bit fault detected or an invalid Flash array read operation attempted

0 Single Bit Fault Detect Interrupt Flag — With the IGNSF bit in the FCNFG register clear, the SFDIF flag
SFDIF indicates that a single bit fault was detected in the stored parity and data bits during a Flash array read operation
or that a Flash array read operation was attempted on a Flash block that was under a Flash command operation.t
The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on SFDIF.

0 No single bit fault detected

1 Single bit fault detected and corrected or an invalid Flash array read operation attempted

T. The single bit fault and double bit fault flags are mutually exclusive for parity errors (an ECC fault occurrence can be erther
single fault or double fault but never both). A simultaneous access collision (read attempted while command running) is
indicated when both SFDIF and DFDIF flags are high.

13.3.2.9 P-Flash Protection Register (FPROT)

The FPROT register defines which P-Flash sectors are protected against program and erase operations.
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Table 14-18. Pin Action
PAMOD PEDGE Pin Action
0 0 Falling edge
0 1 Rising edge
1 0 Div. by 64 clock enabled with pin high level
1 1 Div. by 64 clock enabled with pin low level

NOTE

If the timer is not active (TEN = 0 in TSCR), there is no divide-by-64
because the +64 clock is generated by the timer prescaler.

Table 14-19. Timer Clock Selection

CLK1 CLKO Timer Clock
0 0 Use timer prescaler clock as timer counter clock
0 1 Use PACLK as input to timer counter clock
1 0 Use PACLK/256 as timer counter clock frequency
1 1 Use PACLK/65536 as timer counter clock frequency

For the description of PACLK please refer Figure 14-30.

If the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used as an
input clock to the timer counter. The change from one selected clock to the other happens immediately
after these bits are written.

14.3.2.16 Pulse Accumulator Flag Register (PAFLG)

Module Base + 0x0021

6 5 2 1 0
R 0 0 0 0 0 0
PAOVF PAIF
W
Reset 0 0 0 0 0 0 0 0
Unimplemented or Reserved

Figure 14-25. Pulse Accumulator Flag Register (PAFLG)
Read: Anytime
Write: Anytime

When the TFFCA bit in the TSCR register is set, any access to the PACNT register will clear all the flags
in the PAFLG register. Timer module or Pulse Accumulator must stay enabled (TEN=1 or PAEN=1) while |
clearing these bits.
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The D-Flash sector erase time is ~5ms on a new device and can extend to ~20ms as the flash is cycled.

Table A-18. NVM Timing Characteristics (FTMRC)

Num | C Rating Symbol Min Typ® Max@ | Unit®)
1 Bus frequency fNvMBUS 1 — 32 MHz
2 Operating frequency fnvmor 0.8 1.0 1.05 MHz
3 | D |Erase all blocks (mass erase) time tmass — 100 130 ms
4 | D |Erase verify all blocks (blank check) time teheck — — 35500 toye
5 | D |Unsecure Flash time tuns — 100 130 ms
6 | D |P-Flash block erase time thmass — 100 130 ms
7 | D | P-Flash erase verify (blank check) time tocheck — — 33500 teye
8 | D | P-Flash sector erase time toera — 20 26 ms
9 D | P-Flash phrase programming time topgm — 226 285 us
10 | D |D-Flash sector erase time tgera — 5(4 26 ms
11 | D | D-Flash erase verify (blank check) time tdcheck — — 2800 teye

12a | D | D-Flash one word programming time tapgm1 — 100 107 us

12b | D | D-Flash two word programming time tapgm2 — 170 185 us

12c | D | D-Flash three word programming time tapgma — 241 262 us

12d | D | D-Flash four word programming time tapgma — 311 339 us

12e | D | D-Flash four word programming time crossing row typgmac — 328 357 us
boundary

T Typical program and erase fimes are based on typical fyymop and Maximum fyyveus

2. Maximum program and erase times are based on minimum fymop and maximum fyymeus

3. teye =1/ fnvmBus
4. Typical value for a new device

A.3.2

The reliability of the NVM blocks is guaranteed by stress test during qualification, constant process
monitors and burn-in to screen early life failures.

NVM Reliability Parameters

The data retention and program/erase cycling failure rates are specified at the operating conditions noted.
The program/erase cycle count on the sector is incremented every time a sector or mass erase event is
executed.
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