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k agration Module (S12PPIMV1)
2.3.64 Port AD Pull Up Enable Register (PER1AD)

Address 0x0277 Access: User read/write(?)

7 6 5 4 3 2 1 0
R
PER1AD7 PER1ADG6 PER1ADS PER1AD4 PER1AD3 PER1AD2 PER1AD1 PER1ADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-62. Port AD Pull Up Enable Register (PER1AD)
1. Read: Anytime

Write: Anytime

Table 2-58. PER1AD Register Field Descriptions

Field Description
7-0 Port AD pull-up enable—Enable pull-up device on input pin
PER1AD | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has
no effect.
1 Pull device enabled
0 Pull device disabled
2.3.65 PIM Reserved Registers

Address 0x0278-0x27F Access: User read®

6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-63. PIM Reserved Registers
1. Read: Always reads 0x00
Write: Unimplemented

2.4  Functional Description

24.1

Each pin except PEO, PE1, and BKGD can act as general purpose I/0. In addition each pin can act as an
output or input of a peripheral module.

General

2.4.2

A set of configuration registersis common to all ports with exception of the ATD port (Table 2-59). All
registers can be written at any time, however a specific configuration might not become active.

Registers
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k agration Module (S12PPIMV1)

—\J \/—
-

Figure 2-66. Pulse lllustration

A valid edge on an input is detected if 4 consecutive samples of a passive level are followed by 4
consecutive samples of an active level directly or indirectly.

Thefilters are continuously clocked by the bus clock in RUN and WAIT mode. In STOP mode the clock
is generated by an RC-oscillator in the Port Integration Module. To maximize current saving the RC
oscillator runs only if the following condition is true on any pin individualy:

Sample count <=4 and interrupt enabled (PIE=1) and interrupt flag not set (PIF=0).

2.5 Initialization Information

2.5.1 Port Data and Data Direction Register writes

It is not recommended to write PORTx/PTx and DDRx in aword access. When changing the register pins
from inputs to outputs, the data may have extratransitions during the write access. Initialize the port data
register before enabling the outputs.
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k Memory Map Control (S12PMMCV1)
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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{ »und Debug Module (S12SBDMV1)

earlier. Synchronization between the host and target is established in this manner at the start of every bit
time.

Figure 5-7 shows an external host transmitting a logic 1 and transmitting a logic 0 to the BKGD pin of a
target system. The host is asynchronous to the target, so there is up to a one clock-cycle delay from the
host-generated falling edge to where the target recognizes this edge as the beginning of the bit time. Ten
target clock cycles later, the target senses the bit level on the BKGD pin. Internal glitch detect logic
requires the pin be driven high no later that eight target clock cycles after the falling edge for a logic 1
transmission.

Since the host drives the high speedup pulses in these two cases, the rising edges look like digitally driven
signals.

BDM Clock | ! |
(Target MCU) | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Host -+ P
Transmit 1 \ '
"o 1 1 1 I I I I I I I I I I T R 1
Host -+ S
Transmit O \ :
"o I I I I I I I I I I I I I T B 1
Perceived Target Senses Bit T
Start of Bit Time .
10 Cycles Earliest
~—~— Start of
Synchronization Next Bit

Uncertainty
Figure 5-7. BDM Host-to-Target Serial Bit Timing

The receive cases are more complicated. Figure 5-8 shows the host receiving a logic 1 from the target
system. Since the host is asynchronous to the target, there is up to one clock-cycle delay from the host-
generated falling edge on BKGD to the perceived start of the bit time in the target. The host holds the
BKGD pin low long enough for the target to recognize it (at least two target clock cycles). The host must
release the low drive before the target drives a brief high speedup pulse seven target clock cycles after the
perceived start of the bit time. The host should sample the bit level about 10 target clock cycles after it
started the bit time.
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If an interrupt is pending when a TRACE1 command is issued, the interrupt stacking operation occurs but
no user instruction is executed. Once back in standard BDM firmware execution, the program counter
points to the first instruction in the interrupt service routine.

Be aware when tracing through the user code that the execution of the user code is done step by step but
all peripherals are free running. Hence possible timing relations between CPU code execution and
occurrence of events of other peripherals no longer exist.

Do not trace the CPU instruction BGND used for soft breakpoints. Tracing over the BGND instruction will
result in a return address pointing to BDM firmware address space.

When tracing through user code which contains stop or wait instructions the following will happen when
the stop or wait instruction is traced:

The CPU enters stop or wait mode and the TRACE1 command can not be finished before leaving
the low power mode. This is the case because BDM active mode can not be entered after CPU
executed the stop instruction. However all BDM hardware commands except the BACKGROUND
command are operational after tracing a stop or wait instruction and still being in stop or wait
mode. If system stop mode is entered (all bus masters are in stop mode) no BDM command is
operational.

As soon as stop or wait mode is exited the CPU enters BDM active mode and the saved PC value
points to the entry of the corresponding interrupt service routine.

In case the handshake feature is enabled the corresponding ACK pulse of the TRACE1 command
will be discarded when tracing a stop or wait instruction. Hence there is no ACK pulse when BDM
active mode is entered as part of the TRACE1 command after CPU exited from stop or wait mode.
All valid commands sent during CPU being in stop or wait mode or after CPU exited from stop or
wait mode will have an ACK pulse. The handshake feature becomes disabled only when system
stop mode has been reached. Hence after a system stop mode the handshake feature must be
enabled again by sending the ACK_ENABLE command.

5.4.11 Serial Communication Time Out

The host initiates a host-to-target serial transmission by generating a falling edge on the BKGD pin. If
BKGD is kept low for more than 128 target clock cycles, the target understands that a SYNC command
was issued. In this case, the target will keep waiting for a rising edge on BKGD in order to answer the
SYNC request pulse. If the rising edge is not detected, the target will keep waiting forever without any
time-out limit.

Consider now the case where the host returns BKGD to logic one before 128 cycles. This is interpreted as
a valid bit transmission, and not as a SYNC request. The target will keep waiting for another falling edge
marking the start of a new bit. If, however, a new falling edge is not detected by the target within 512 clock
cycles since the last falling edge, a time-out occurs and the current command is discarded without affecting
memory or the operating mode of the MCU. This is referred to as a soft-reset.

If a read command is issued but the data is not retrieved within 512 serial clock cycles, a soft-reset will

occur causing the command to be disregarded. The data is not available for retrieval after the time-out has
occurred. This is the expected behavior if the handshake protocol is not enabled. In order to allow the data
to be retrieved even with a large clock frequency mismatch (between BDM and CPU) when the hardware
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' S12S Debug Module (S12SDBGV2)

A

Address Name Bit 7 6 5 4 3 2 1 Bit 0
R . .

0x002E DBGADHM W Bit 15 14 13 12 11 10 9 Bit 8
R . .

0x002F DBGADLM " Bit 7 6 5 4 3 2 1 Bit O

This bit is visible at DBGCNT[7] and DBGSR[7]

This represents the contents if the Comparator A control register is blended into this address.
This represents the contents if the Comparator B control register is blended into this address
This represents the contents if the Comparator C control register is blended into this address

Figure 6-2. Quick Reference to DBG Registers

AW N B

6.3.2

This section consists of the DBG control and trace buffer register descriptions in address order. Each
comparator has a bank of registers that are visible through an 8-byte window between 0x0028 and 0x002F
in the DBG module register address map. When ARM is set in DBGC, the only bits in the DBG module
registers that can be written are ARM, TRIG, and COMRV[1:0]

Register Descriptions

6.3.2.1 Debug Control Register 1 (DBGC1)

Address: 0x0020

7 6 5 4 3 2 0
R 0 0 0
ARM BDM DBGBRK COMRV
" TRIG
Reset 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 6-3. Debug Control Register (DBGC1)

Read: Anytime

Write: Bits 7, 1, 0 anytime
Bit 6 can be written anytime but always reads back as 0.
Bits 4:3 anytime DBG is not armed.

NOTE

When disarming the DBG by clearing ARM with software, the contents of
bits[4:3] are not affected by the write, since up until the write operation,
ARM = 1 preventing these bits from being written. These bits must be
cleared using a second write if required.
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6.4.5.2.2 Loopl Mode

Loopl Mode, similarly to Normal Mode also stores only COF address information to the trace buffer, it
however allows the filtering out of redundant information.

The intent of Loopl Mode is to prevent the Trace Buffer from being filled entirely with duplicate
information from a looping construct such as delays using the DBNE instruction or polling loops using
BRSET/BRCLR instructions. Immediately after address information is placed in the Trace Buffer, the
DBG module writes this value into a background register. This prevents consecutive duplicate address
entries in the Trace Buffer resulting from repeated branches.

Loopl Mode only inhibits consecutive duplicate source address entries that would typically be stored in
most tight looping constructs. It does not inhibit repeated entries of destination addresses or vector
addresses, since repeated entries of these would most likely indicate a bug in the user’s code that the DBG
module is designed to help find.

6.4.5.2.3 Detail Mode

In Detail Mode, address and data for all memory and register accesses is stored in the trace buffer. This
mode is intended to supply additional information on indexed, indirect addressing modes where storing
only the destination address would not provide all information required for a user to determine where the
code is in error. This mode also features information bit storage to the trace bufter, for each address byte
storage. The information bits indicate the size of access (word or byte) and the type of access (read or
write).

When tracing in Detail Mode, all cycles are traced except those when the CPU is either in a free or opcode
fetch cycle.

6.4.5.2.4 Compressed Pure PC Mode

In Compressed Pure PC Mode, the PC addresses of all executed opcodes, including illegal opcodes are
stored. A compressed storage format is used to increase the effective depth of the trace buffer. This is
achieved by storing the lower order bits each time and using 2 information bits to indicate if a 64 byte
boundary has been crossed, in which case the full PC is stored.

Each Trace Buffer row consists of 2 information bits and 18 PC address bits

NOTE:

When tracing is terminated using forced breakpoints, latency in breakpoint
generation means that opcodes following the opcode causing the breakpoint
can be stored to the trace buffer. The number of opcodes is dependent on
program flow. This can be avoided by using tagged breakpoints.

6.4.5.3 Trace Buffer Organization (Normal, Loop1, Detail modes)

ADRH, ADRM, ADRL denote address high, middle and low byte respectively. The numerical suffix refers
to the tracing count. The information format for Loop1 and Normal modes is identical. In Detail mode, the
address and data for each entry are stored on consecutive lines, thus the maximum number of entries is 32.
In this case DBGCNT bits are incremented twice, once for the address line and once for the data line, on
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ck, Reset and Power Management Unit (S12CPMU)

A
Table 7-10. RTI Frequency Divide Rates for RTDEC=1
RTR[6:4] =

RTR[3:0] 000 001 010 011 100 101 110 111

(1x10%) | (2x10%) | (5x10%) | (10x10%) | (20x10%) | (50x10%) | (100x10%) | (200x103)
0000 (+1) 1x10° 2x10°8 5x10° 10x10° 20x10° 50x10° 100x10° | 200x10°
0001 (=2) 2x10° 4x10° 10x10° 20x10° 40x10° | 100x10% | 200x10% | 400x10°
0010 (+3) 3x103 6x103 15x10° 30x10° 60x10° | 150x10° | 300x10° | 600x10°
0011 (+4) 4x103 8x10° 20x10° 40x10° 80x10% | 200x10% | 400x10° 800x10°
0100 (+5) 5x103 10x10° 25x10° 50x10° | 100x10% | 250x10° | 500x10° 1x108
0101 (=6) 6x10° 12x10° 30x10° 60x10° | 120x10% | 300x10° | 600x10° 1.2x108
0110 (=7) 7x108 14x10° 35x10° 70x10% | 140x10° | 350x10° | 700x10° 1.4x10°
0111 (=8) 8x10° 16x10° 40x10° 80x10% | 160x10° | 400x10° | 800x10° 1.6x10°
1000 (+9) 9x10°8 18x10° 45x10° 90x10% | 180x10° | 450x10° | 900x10° 1.8x10°
1001 (+10) 10 x10°8 20x10° 50x10° | 100x10% | 200x10° | 500x10° 1x108 2x108
1010 (+11) 11 x10° 22x10° 55x10° | 110x10° | 220x10° | 550x10° 1.1x10° 2.2x10°
1011 (+12) 12x10° 24x103 60x10° | 120x10° | 240x10° | 600x10° 1.2x10° 2.4x108
1100 (+13) 13x10° 26x10° 65x10° | 130x10° | 260x10° | 650x10° 1.3x10° 2.6x10°
1101 (+14) 14x10° 28x10°3 70x10° | 140x10° | 280x10° | 700x10° 1.4x10° 2.8x108
1110 (+15) 15x10° 30x10° 75x10° | 150x10° | 300x10% | 750x10° 1.5x10° 3x106
1111 (+16) 16x10° 32x103 80x10° | 160x10° | 320x10° | 800x10° 1.6x10° 3.2x108
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k ck, Reset and Power Management Unit (S12CPMU)

Several examples of PLL divider settings are shown in Table 7-23. The following rules help to achieve
optimum stability and shortest lock time:

» Use lowest possible fycq / frgp ratio (SYNDIV value).
» Use highest possible REFCLK frequency fRgg.
Table 7-23. Examples of PLL Divider Settings

fosc | REFDIV[3:0] | frgr |REFFRQ[1:0] | SYNDIV[5:0] | fyco |VCOFRQ[1:0]| POSTDIV[4:0] | fpi, fous
off $00 1MHz 00 $1F 64MHz 01 $03 16MHz | 8MHz
off $00 1MHz 00 $1F 64MHz 01 $00 64MHz | 32MHz
off $00 1MHz 00 $OF 32MHz 00 $00 32MHz | 16MHz
4AMHz $00 4AMHz 01 $03 32MHz 01 $00 32MHz | 16MHz

The phase detector inside the PLL compares the feedback clock (FBCLK = VCOCLK/(SYNDIV+1)) with
the reference clock (REFCLK =IRCIM or OSCCLK/REFDIV+1)). Correction pulses are generated based
on the phase difference between the two signals. The loop filter alters the DC voltage on the internal filter
capacitor, based on the width and direction of the correction pulse, which leads to a higher or lower VCO
frequency.

The user must select the range of the REFCLK frequency (REFFRQJ1:0] bits) and the range of the
VCOCLK frequency (VCOFRQJ1:0] bits) to ensure that the correct PLL loop bandwidth is set.

The lock detector compares the frequencies of the FBCLK and the REFCLK. Therefore the speed of the
lock detector is directly proportional to the reference clock frequency. The circuit determines the lock
condition based on this comparison.

If PLL LOCK interrupt requests are enabled, the software can wait for an interrupt request and for instance
check the LOCK bit. If interrupt requests are disabled, software can poll the LOCK bit continuously
(during PLL start-up) or at periodic intervals. In either case, only when the LOCK bit is set, the VCOCLK
will have stabilized to the programmed frequency.
* 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 the tolerance A; , and is cleared when
the VCO frequency is out of the tolerance A .

* Interrupt requests can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling
the LOCK bit.
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238 Freescale Semiconductor



b -

{ le's Scalable Controller Area Network (S12MSCANV3)
Table 8-3. CANCTLO Register Field Descriptions (continued)
Field Description
2 Wake-Up Enable — This configuration bit allows the MSCAN to restart from sleep mode or from power down

WUPE® | mode (entered from sleep) when traffic on CAN is detected (see Section 8.4.5.5, “MSCAN Sleep Mode”). This
bit must be configured before sleep mode entry for the selected function to take effect.

0 Wake-up disabled — The MSCAN ignores traffic on CAN

1 Wake-up enabled — The MSCAN is able to restart

SLPRQ(5) mode (see Section 8.4.5.5, “MSCAN Sleep Mode”). The sleep mode request is serviced when the CAN bus is

1 Sleep Mode Request — This bit requests the MSCAN to enter sleep mode, which is an internal power saving

idle, i.e., the module is not receiving a message and all transmit buffers are empty. The module indicates entry
to sleep mode by setting SLPAK = 1 (see Section 8.3.2.2, “MSCAN Control Register 1 (CANCTL1)"). SLPRQ
cannot be set while the WUPIF flag is set (see Section 8.3.2.5, “MSCAN Receiver Flag Register (CANRFLG)").
Sleep mode will be active until SLPRQ is cleared by the CPU or, depending on the setting of WUPE, the MSCAN
detects activity on the CAN bus and clears SLPRQ itself.

0 Running — The MSCAN functions normally

1 Sleep mode request — The MSCAN enters sleep mode when CAN bus idle

0
INITRQ(6)'(7) Section 8.4.4.5, “MSCAN Initialization Mode”). Any ongoing transmission or reception is aborted and

Initialization Mode Request — When this bit is set by the CPU, the MSCAN skips to initialization mode (see

synchronization to the CAN bus is lost. The module indicates entry to initialization mode by setting INITAK = 1
(Section 8.3.2.2, “MSCAN Control Register 1 (CANCTL1)").

The following registers enter their hard reset state and restore their default values: CANCTLO®), CANRFLG®),
CANRIER(19), CANTFLG, CANTIER, CANTARQ, CANTAAK, and CANTBSEL.

The registers CANCTL1, CANBTRO, CANBTR1, CANIDAC, CANIDARO-7, and CANIDMRO-7 can only be
written by the CPU when the MSCAN is in initialization mode (INITRQ = 1 and INITAK = 1). The values of the
error counters are not affected by initialization mode.

When this bit is cleared by the CPU, the MSCAN restarts and then tries to synchronize to the CAN bus. If the
MSCAN is not in bus-off state, it synchronizes after 11 consecutive recessive bits on the CAN bus; if the MSCAN
is in bus-off state, it continues to wait for 128 occurrences of 11 consecutive recessive bits.

Writing to other bits in CANCTLO, CANRFLG, CANRIER, CANTFLG, or CANTIER must be done only after
initialization mode is exited, which is INITRQ = 0 and INITAK = 0.

0 Normal operation

1 MSCAN in initialization mode

8.
9.

. The MSCAN must be in normal mode for this bit 0 become Set.
. See the Bosch CAN 2.0A/B specification for a detailed definition of transmitter and receiver states.
. In order to protect from accidentally violating the CAN protocol, TXCAN is immediately forced to a recessive state when the

CPU enters wait (CSWAI = 1) or stop mode (see Section 8.4.5.2, “Operation in Wait Mode” and Section 8.4.5.3, “Operation in
Stop Mode”).

. The CPU has to make sure that the WUPE register and the WUPIE wake-up interrupt enable register (see Section 8.3.2.6,

“MSCAN Receiver Interrupt Enable Register (CANRIER)) is enabled, if the recovery mechanism from stop or wait is required.

. The CPU cannot clear SLPRQ before the MSCAN has entered sleep mode (SLPRQ =1 and SLPAK = 1).
. The CPU cannot clear INITRQ before the MSCAN has entered initialization mode (INITRQ =1 and INITAK = 1).
. In order to protect from accidentally violating the CAN protocol, TXCAN is immediately forced to a recessive state when the

initialization mode is requested by the CPU. Thus, the recommended procedure is to bring the MSCAN into sleep mode
(SLPRQ =1 and SLPAK = 1) before requesting initialization mode.

Not including WUPE, INITRQ, and SLPRQ.
TSTAT1 and TSTATO are not affected by initialization mode.

10. RSTAT1 and RSTATO are not affected by initialization mode.
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NOTE

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

Table 8-17. CANTBSEL Register Field Descriptions

Field Description
2-0 Transmit Buffer Select — The lowest numbered bit places the respective transmit buffer in the CANTXFG
TX[2:0] register space (e.g., TX1 =1 and TXO0 = 1 selects transmit buffer TX0; TX1 = 1 and TXO0 = 0 selects transmit

buffer TX1). Read and write accesses to the selected transmit buffer will be blocked, if the corresponding TXEx
bit is cleared and the buffer is scheduled for transmission (see Section 8.3.2.7, “MSCAN Transmitter Flag
Register (CANTFLG)").

0 The associated message buffer is deselected

1 The associated message buffer is selected, if lowest numbered bit

The following gives a short programming example of the usage of the CANTBSEL register:

To get the next avail able transmit buffer, application software must read the CANTFL G register and write
this value back into the CANTBSEL register. In thisexample Tx buffers TX1 and TX2 are available. The
value read from CANTFL G istherefore 0b0000_0110. When writing this value back to CANTBSEL, the
Tx buffer TX1 is selected in the CANTXFG because the lowest numbered bit set to 1 isat bit position 1.
Reading back this value out of CANTBSEL results in 0b0000_0010, because only the lowest numbered
bit position set to 1 is presented. This mechanism eases the application software the selection of the next
available Tx buffer.

 LDAA CANTFLG; vaueread is 0b0000_0110
 STAA CANTBSEL; value written is 0b0000_0110
 LDAA CANTBSEL; value read is 0b0O000_0010

If all transmit message buffers are deselected, no accesses are allowed to the CANTXFG registers.

8.3.2.12 MSCAN ldentifier Acceptance Control Register (CANIDAC)
The CANIDAC register is used for identifier acceptance control as described below.

.Module Base + 0x0 Access: User read/write'*X

XXX XAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXxX

7

6

5

4

3

2

1

0

R 0 0 0 IDHIT2 IDHIT1 IDHITO
IDAM1 IDAMO
W
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 8-15. MSCAN Identifier Acceptance Control Register (CANIDAC)

1. Read: Anytime

Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1), except bits IDHITX, which are read-only
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Table 8-36. Time Segment Syntax

Syntax Description

System expects transitions to occur on the CAN bus during this

SYNC_SEG .
period.

A node in transmit mode transfers a new value to the CAN bus at

Transmit Point this point.

A node in receive mode samples the CAN bus at this point. If the
Sample Point three samples per bit option is selected, then this point marks the
position of the third sample.

The synchronization jump width (see the Bosch CAN specification for details) can be programmed in a
range of 1 to 4 time quanta by setting the SIW parameter.

The SYNC_SEG, TSEG1, TSEG2, and SIW parameters are set by programming the MSCAN bustiming
registers (CANBTRO, CANBTR1) (see Section 8.3.2.3, “MSCAN Bus Timing Register 0 (CANBTRO0)”
and Section 8.3.2.4, “MSCAN Bus Timing Register 1 (CANBTR1)").

Table 8-37 gives an overview of the CAN compliant segment settings and the related parameter values.

NOTE

Itistheuser’sresponsibility to ensurethe bit time settings arein compliance
with the CAN standard.

Table 8-37. CAN Standard Compliant Bit Time Segment Settings

Time Segment 1 TSEG1 Time Segment 2 TSEG2 iinnigr\c/)v?(ijztation SIW
5..10 4.9 2 1 1..2 0.1
4.11 3..10 3 2 1..3 0.2
5..12 4..11 4 3 1.4 0.3
6..13 5..12 5 4 1.4 0.3
7..14 6..13 6 5 1.4 0.3
8..15 7..14 7 6 1.4 0.3
9.16 8..15 8 7 1.4 0.3

8.4.4 Modes of Operation

8.4.4.1 Normal System Operating Modes

The MSCAN modul e behaves as described within this specification in all normal system operating modes.
Write restrictions exist for some registers.
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8.45.5 MSCAN Sleep Mode

The CPU can request the MSCAN to enter this low power mode by asserting the SLPRQ bit in the
CANCTLO register. The time when the MSCAN enters sleep mode depends on a fixed synchronization
delay and its current activity:

» |If thereare one or more message buffers scheduled for transmission (TXEx = 0), the MSCAN will
continue to transmit until all transmit message buffers are empty (TXEx = 1, transmitted
successfully or aborted) and then goes into sleep mode.

» If the MSCAN isreceiving, it continuesto receive and goes into sleep mode as soon as the CAN
bus next becomes idle.

» If the MSCAN is neither transmitting nor receiving, it immediately goesinto sleep mode.

Bus Clock Domain CAN Clock Domain
SLPRQ
ﬁ SLPRQ % sync. Flag
CPU SLPRQ

Sleep Request

SLPAKc sync. % h
Flag SLPAK SLPAK MSCAN
in Sleep Mode

Figure 8-46. Sleep Request / Acknowledge Cycle

NOTE

The application software must avoid setting up a transmission (by clearing
one or more TXEX flag(s)) and immediately request sleep mode (by setting
SLPRQ). Whether the MSCAN starts transmitting or goes into sleep mode
directly depends on the exact sequence of operations.

If leep modeis active, the SLPRQ and SLPAK bits are set (Figure 8-46). The application software must
use SLPAK as a handshake indication for the request (SLPRQ) to go into sleep mode.

When in sleep mode (SLPRQ = 1 and SLPAK =1), the MSCAN stopsitsinternal clocks. However, clocks
that allow register accesses from the CPU side continue to run.

If the MSCAN isin bus-off state, it stops counting the 128 occurrences of 11 consecutive recessive bits
due to the stopped clocks. TXCAN remainsin arecessive state. If RXF = 1, the message can be read and
RXF can be cleared. Shifting anew message into the foreground buffer of the receiver FIFO (RxFG) does
not take place while in sleep mode.

It is possible to access the transmit buffers and to clear the associated TXE flags. No message abort takes
place whilein sleep mode.
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{ to-Digital Converter (ADC12B10C)

Table 9-9. Examples of ideal decimal ATD Results

12-Bit
Input Signal 8-Bit 10-Bit Codes
VgL = 0 Volts Codes Codes (transfer curve has
Vgry = 5.12 Volts (resolution=20mV) | (resolution=5mV) 1.25mV offset)
(resolution=1.25mV)
5.120 Volts 255 1023 4095
0.022 1 4 17
0.020 1 4 16
0.018 1 4 14
0.016 1 3 12
0.014 1 3 11
0.012 1 2 9
0.010 1 2 8
0.008 0 2 6
0.006 0 1 4
0.004 0 1 3
0.003 0 0 2
0.002 0 0 1
0.000 0 0 0

Table 9-10. Conversion Sequence Length Coding

ssc sac s2c sic N“mtr’)‘zrr %feifi:‘r’]i;sions

0 0 0 0 10
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 10
1 1 0 0 10
1 1 0 1 10
1 1 1 0 10
1 1 1 1 10
Table 9-11. ATD Behavior in Freeze Mode (Breakpoint)
FRZ1 FRz0 Behavior in Freeze Mode
0 0 Continue conversion
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k ommunication Interface (S12SCIV5)

RWU bit remains set and the receiver remains on standby until another idle character appears on the RXD
pin.

Idle line wakeup requires that messages be separated by at least one idle character and that no message
contains idle characters.

The idle character that wakes a receiver does not set the receiver idle bit, IDLE, or the receive data register
full flag, RDRF.

The idle line type bit, ILT, determines whether the receiver begins counting logic 1s as idle character bits
after the start bit or after the stop bit. ILT is in SCI control register 1 (SCICRI).

11.4.6.6.2 Address Mark Wakeup (WAKE =1)

In this wakeup method, a logic 1 in the most significant bit (MSB) position of a frame clears the RWU bit
and wakes up the SCI. The logic 1 in the MSB position marks a frame as an address frame that contains
addressing information. All receivers evaluate the addressing information, and the receivers for which the
message is addressed process the frames that follow. Any receiver for which a message is not addressed can
set its RWU bit and return to the standby state. The RWU bit remains set and the receiver remains on
standby until another address frame appears on the RXD pin.

The logic 1 MSB of an address frame clears the receiver’s RWU bit before the stop bit is received and sets
the RDRF flag.

Address mark wakeup allows messages to contain idle characters but requires that the MSB be reserved
for use in address frames.

NOTE
With the WAKE bit clear, setting the RWU bit after the RXD pin has been

idle can cause the receiver to wake up immediately.
11.4.7 Single-Wire Operation

Normally, the SCI uses two pins for transmitting and receiving. In single-wire operation, the RXD pin is
disconnected from the SCI. The SCI uses the TXD pin for both receiving and transmitting.

Transmitter " D

Receiver < RXD

Figure 11-30. Single-Wire Operation (LOOPS =1, RSRC = 1)

Enable single-wire operation by setting the LOOPS bit and the receiver source bit, RSRC, in SCI control
register 1 (SCICR1). Setting the LOOPS bit disables the path from the RXD pin to the receiver. Setting
the RSRC bit connects the TXD pin to the receiver. Both the transmitter and receiver must be enabled
(TE =1 and RE = 1).The TXDIR bit (SCISR2[1]) determines whether the TXD pin is going to be used as
an input (TXDIR = 0) or an output (TXDIR = 1) in this mode of operation.
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End of Idle State ____y»l<¢———  Begin Transfer End ———»| Beginofldle State

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
SCK Edge Number 27476 8710 12714 16 18 207 227724 726" 2877307 32

NN EEEEEEE

MOSI/MISO 0

P

CHANGE O N M M M M M M D =)

MOSI pin - 3

3

MISO pin - &

- |3

_ c

SEL SS (0) ARE
Master only -
SEL SS (1) |

AA

LY trt 4
MSB first (LSBFE = 0) |MSB|Bit 14jBit 13Bit 12Bit 11[Bit 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 [Bit 10Bit 11[Bit 12[Bit 13Bit 14MSB| for t, t;, t_

t_ = Minimum leading time before the first SCK edge

tr = Minimum trailing time after the last SCK edge

t, = Minimum idling time between transfers (minimum SS high time)

t., tr, and t; are guaranteed for the master mode and required for the slave mode.

Figure 12-13. SPI Clock Format 0 (CPHA = 0), with 16-Bit Transfer Width selected (XFRW = 1)

In slave mode, if the SS line is not deasserted between the successive transmissions then the content of the
SPI data register is not transmitted; instead the last received data is transmitted. If the SS line is deasserted
for at least minimum idle time (half SCK cycle) between successive transmissions, then the content of the
SPI data register is transmitted.

In master mode, with slave select output enabled the SS line is always deasserted and reasserted between
successive transfers for at least minimum idle time.

12.4.3.3 CPHA =1 Transfer Format

Some peripherals require the first SCK edge before the first data bit becomes available at the data out pin,
the second edge clocks data into the system. In this format, the first SCK edge is issued by setting the
CPHA bit at the beginning of the nl-cycle transfer operation.

The first edge of SCK occurs immediately after the half SCK clock cycle synchronization delay. This first
edge commands the slave to transfer its first data bit to the serial data input pin of the master.

A half SCK cycle later, the second edge appears on the SCK pin. This is the latching edge for both the
master and slave.

1. n depends on the selected transfer width, please refer to Section 12.3.2.2, “SPI Control Register 2 (SPICR2)
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Upon clearing CCIF to launch the Program Once command, the Memory Controller first verifies that the
selected phrase is erased. If erased, then the selected phrase will be programmed and then verified with
read back. The CCIF flag will remain clear, setting only after the Program Once operation has completed.

The reserved nonvolatile information register accessed by the Program Once command cannot be erased
and any attempt to program one of these phrases a second time will not be allowed. Valid phrase index
values for the Program Once command range from 0x0000 to 0x0007. During execution of the Program
Once command, any attempt to read addresses within P-Flash will return invalid data.

Table 13-42. Program Once Command Error Handling

Register Error Bit Error Condition

Set if CCOBIX[2:0] != 101 at command launch

Set if command not available in current mode (see Table 13-27)
ACCERR

Set if an invalid phrase index is supplied

i @
FSTAT Set if the requested phrase has already been programmed

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the verify operation

Set if any non-correctable errors have been encountered during the verify

operation

T T a Program Once phrase Is initially programmed to OXFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

MGSTATO

13.4.5.7 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and D-Flash memory space.
Table 13-43. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the entire
Flash memory space and verify that it is erased. If the Memory Controller verifies that the entire Flash
memory space was properly erased, security will be released. During the execution of this command
(CCIF=0) the user must not write to any Flash module register. The CCIF flag will set after the Erase All
Blocks operation has completed.
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{ /te Flash Module (S12FTMRC128K1V1)

CCIE — \ Flash Command Interrupt Request

CCIF /

DFDIE —

DFDIF _|
Flash Error Interrupt Request

SFDIE —
SFDIF

Figure 13-27. Flash Module Interrupts Implementation

13.4.7 Wait Mode

The Flash module is not affected if the MCU enters wait mode. The Flash module can recover the MCU
from wait via the CCIF interrupt (see Section 13.4.6, “Interrupts”).

13.4.8 Stop Mode

If a Flash command is active (CCIF = 0) when the MCU requests stop mode, the current Flash operation
will be completed before the CPU is allowed to enter stop mode.

13.5 Security

The Flash module provides security information to the MCU. The Flash security state is defined by the
SEC bits of the FSEC register (see Table 13-10). During reset, the Flash module initializes the FSEC
register using data read from the security byte of the Flash configuration field at global address 0x3_FFOF.
The security state out of reset can be permanently changed by programming the security byte assuming
that the MCU is starting from a mode where the necessary P-Flash erase and program commands are
available and that the upper region of the P-Flash is unprotected. If the Flash security byte is successfully
programmed, its new value will take affect after the next MCU reset.

The following subsections describe these security-related subjects:
* Unsecuring the MCU using Backdoor Key Access

* Unsecuring the MCU in Special Single Chip Mode using BDM
* Mode and Security Effects on Flash Command Availability

13.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge of the
contents of the backdoor keys (four 16-bit words programmed at addresses 0x3_FF00-0x3_FF07). If the
KEYEN][1:0] bits are in the enabled state (see Section 13.3.2.2), the Verify Backdoor Access Key
command (see Section 13.4.5.11) allows the user to present four prospective keys for comparison to the
keys stored in the Flash memory via the Memory Controller. If the keys presented in the Verify Backdoor
Access Key command match the backdoor keys stored in the Flash memory, the SEC bits in the FSEC
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Timer Module (TIM16B8CV2) Block Description

Read: Anytime but will always return 0x0000 (1 state is transient)

Write: Anytime

Table 14-3. CFORC Field Descriptions

Field Description
7:0 Force Output Compare Action for Channel 7:0 — A write to this register with the corresponding data bit(s) set
FOCI7:0] |causes the action which is programmed for output compare “x” to occur immediately. The action taken is the

same as if a successful comparison had just taken place with the TCx register except the interrupt flag does not

get set.

Note: A channel 7 event, which can be a counter overflow when TTOV[7] is set or a successful output compare
on channel 7, overrides any channel 6:0 compares. If forced output compare on any channel occurs at the
same time as the successful output compare then forced output compare action will take precedence and
interrupt flag won't get set.

14.3.2.3 Output Compare 7 Mask Register (OC7M)

Module Base + Ox ¢

KAAARAAAAAAARAAAAAARAAAARAAARAAAAARAARAARAARAARAARAARAARAARAAARAARAARAARAARAAARAARAARAARAARAARAARAARAARAARAARAARAAARAARAARAARAARAARAARAARAARAARAARAARAARAARAARAARAARANRN,

7 6 5 4 3 2 1 0
R
OoC7™m7 OC7M6 OC7M5 OC7M4 OC7M3 OC7M2 OoC7M1 OC7MO
w
Reset 0 0 0 0 0 0 0 0

Figure 14-8. Output Compare 7 Mask Register (OC7M)

Read: Anytime

Write: Anytime

Table 14-4. OC7M Field Descriptions

Field Description
7:0 Output Compare 7 Mask — A channel 7 event, which can be a counter overflow when TTOV[7] is set or a
OC7M[7:0] |successful output compare on channel 7, overrides any channel 6:0 compares. For each OC7M bit that is set,

the output compare action reflects the corresponding OC7D bit.
0 The corresponding OC7Dx bit in the output compare 7 data register will not be transferred to the timer port on
a channel 7 event, even if the corresponding pin is setup for output compare.
1 The corresponding OC7Dx bit in the output compare 7 data register will be transferred to the timer port on a
channel 7 event.
Note: The corresponding channel must also be setup for output compare (I0Sx = 1 and OCPDx = 0) for data to
be transferred from the output compare 7 data register to the timer port.
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A.3.1.3 Erase Verify P-Flash Section (FCMD=0x03)

The maximum time to erase verify a section of P-Flash depends on the number of phrases being verified
(Nyp) and is given by:

1

t= (450 + Nyp) - —

A.3.1.4 Read Once (FCMD=0x04)

The maximum read once time is given by:

1

t = 400 -
fxvmsus

A.3.1.5 Program P-Flash (FCMD=0x06)

The programming time for a single phrase of four P-Flash words and the two seven-bit ECC fields is
dependent on the bus frequency, fyympus, as well as on the NVM operating frequency, fyyyop

The typical phrase programming time is given by:

L + 2000 - L

t =164 -
NVMOP fxvmBus

ppgm

The maximum phrase programming time is given by:

L + 2500 - L

t ~164 -
fxvmor NVMBUS

ppgm

A.3.1.6 Program Once (FCMD=0x07)
The maximum time required to program a P-Flash Program Once field is given by:

L 12150 —1

t=164-
NVMOP fxvmBus

A.3.1.7 Erase All Blocks (FCMD=0x08)
The time required to erase all blocks is given by:

L + 70000 - L

NVMOP fNVMBUS

t = 100100 -

mass
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