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Connectivity

Peripherals

Number of I/O

Program Memory Size
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EEPROM Size
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Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL
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Active

HCS12X

16-Bit

40MHz

CANbus, SCI, SPI
LVD, POR, PWM, WDT
44

64KB (64K x 8)
FLASH

4K x 8

1.72V ~ 5.5V

A/D 8x12b

External

-40°C ~ 105°C (TA)
Surface Mount
64-LQFP

64-LQFP (10x10)
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Table 1-6. Pin-Out Summary?! (continued)

Package Terminal Function Interngl Pull
Resistor
Power -
Supply Description
LQFP | QFP | LQFP Pin 2nd 3rd 4th 5th CTRL Reset
112 80 64 Func. Func. Func. Func. State
87 - - PM7 — — — — Vppx PERM/PPSM | Disabled | Port M I/O
88 - - PM6 — — — — Vppx PERM/PPSM | Disabled | Port M I/O
89 63 50 PSO RXDO — — — Vppx PERS/PPSS Up Port S 110, RXD of SCI0
90 64 51 PS1 TXDO — — — Vppx PERS/PPSS Up Port S 1/0, TXD of SCIO
91 65 52 PS2 RXD1 — — — Vppx PERS/PPSS Up Port S 1/0, RXD of SCI1
92 66 53 PS3 TXD1 — — — Vppx PERS/PPSS Up Port S 1/0, TXD of SCI1
93 - - PS4 MISOO0 — — — Vppx PERS/PPSS Up Port S I/0, MISO of SPI0
94 - - PS5 MOSIO — — — Vppx PERS/PPSS Up Port S I/0, MOSI of SPIO
95 - - PS6 SCKO — — — Vppx PERS/PPSS Up Port S 1/0, SCK of SPIO
96 - - PS7 SSO — — — Vppx PERS/PPSS Up Port S /0, SS of SPIO
97 67 54 TEST — — — — N.A. RESET pin DOWN | Test input
98 68 - PJ7 KWJ7 — — — Vppx PERJ/PPSJ Up Port J 1/O, interrupt
99 69 - PJ6 KWJ6 — — — Vppx PERJ/PPSJ Up Port J I/O, interrupt
100 70 55 PM5 SCKO — — — Vppx PERM/PPSM | Disabled | Port M I/O, SCK of SPIO
101 71 56 PM4 MOSIO — — — Vppx PERM/PPSM | Disabled | Port M I/O, MOSI of
SPIO
102 72 57 PM3 SSO — — — Vppx PERM/PPSM | Disabled | Port M I/O, SS of SPIO
103 73 58 PM2 MISOO0 — — — Vppx PERM/PPSM | Disabled | Port M I/O, MISO of
SPIO
104 74 59 PM1 TXCANO TXD1 — — Vppx PERM/PPSM | Disabled | Port M I/O, TX of CANO,
TXD of SCI1
105 75 60 PMO RXCANO RXD1 — — Vppx PERM/PPSM | Disabled | Port M I/O, RX of CANO,
RXD of SCI1
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Port Integration Module (S12XSPIMV1)

Table 2-39. PTP Register Field Descriptions

Field Description
7 Port P general purpose input/output data—Data Register, PWM input/output, pin interrupt input/output
PTP When not used with the alternative function, the associated pin can be used as general purpose I/O. In general
purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the buffered
pin input state is read.
» The PWM function takes precedence over the general purpose I/O function if the related channel or the
emergency shut-down feature is enabled.
 Pin interrupts can be generated if enabled in input or output mode.
6-3 Port P general purpose input/output data—Data Register, PWM output, pin interrupt input/output
PTP When not used with the alternative function, the associated pin can be used as general purpose I/O. In general
purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the buffered
pin input state is read.
« The PWM function takes precedence over the general purpose I/O function if the related channel is enabled.
 Pin interrupts can be generated if enabled in input or output mode.
2 Port P general purpose input/output data—Data Register, PWM output, routed TIM output, routed SCI1 TXD
PTP output, pin interrupt input/output

When not used with the alternative function, the associated pin can be used as general purpose I/O. In general

purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the buffered

pin input state is read.

» The PWM function takes precedence over the TIM, SCI1 and general purpose I/O function if the related channel

is enabled.

» The TIM function takes precedence over SCI1 and the general purpose I/O function if the related channel is
enabled.

» The SCI1 function takes precedence over the general purpose /O function if enabled.

 Pin interrupts can be generated if enabled in input or output mode.

S12XS Family Reference Manual, Rev. 1.13
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Port Integration Module (S12XSPIMV1)

2.4.2 Registers

A set of configuration registersis common to all ports with exception of the ATD port (Table 2-71). All
registers can be written at any time, however a specific configuration might not become active.

For example selecting a pull-up device: This device does not become active while the port is used as a
push-pull output.

Table 2-71. Register availability per port!

Port Data Input _Datz_;l RedL_Jced Pull Polarity Wired- | Interrupt | Interrupt Routing
Direction Drive Enable Select | Or Mode | Enable Flag
A yes - yes yes yes
B yes - yes
E yes - yes
K yes - yes
T yes yes yes yes yes yes - - - yes
S yes yes yes yes yes yes yes
M yes yes yes yes yes yes yes - - yes
P yes yes yes yes yes yes - yes yes
H yes yes yes yes yes yes - yes yes
J yes yes yes yes yes yes - yes yes
AD yes - yes yes yes

1 Each cell represents one register with individual configuration bits

24.2.1 Data register (PORTX, PTx)
This register holds the value driven out to the pin if the pin is used as ageneral purpose I/0.

Writing to this register has only an effect on the pin if the pin is used as general purpose output. When
reading this address, the buffered state of the pin is returned if the associated data direction register bit is
setto“0”.

If the data direction register bitsare set to logic level “17, the contents of the dataregister isreturned. This
isindependent of any other configuration (Figure 2-73).

2.4.2.2 Input register (PTIx)

Thisisaread-only register and always returns the buffered state of the pin (Figure 2-73).

2.4.2.3 Data direction register (DDRXx)
This register defines whether the pin is used as ainput or an output.
If a peripheral module controls the pin the contents of the data direction register isignored (Figure 2-73).

Independent of the pin usage with a peripheral module this register determines the source of datawhen
reading the associated data register address (2.4.2.1/2-121).

S12XS Family Reference Manual, Rev. 1.13
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Memory Mapping Control (S12XMMCV4)

Expansion of the BDM Local Address Map

PPAGE, RPAGE, and EPAGE registers are also used for the expansion of the BDM local address to the
global address. These registers can be read and written by the BDM.

The BDM expansion scheme is the same as the CPU expansion scheme.

3.4.2.2 Global Addresses Based on the Global Page

CPU Global Addresses Based on the Global Page

The seven global page index bits allow access to the full SMB address map that can be accessed with 23
address bits. This provides an alternative way to access all of the various pages of FLASH, RAM and Data
FLASH.

The GPAGE Register is used only when the CPU is executing a global instruction (see Section 3.3.2.2,
“Global Page Index Register (GPAGE)). The generated global address is the result of concatenation of the
CPU local address [15:0] with the GPAGE register [22:16] (see Figure 3-7).

BDM Global Addresses Based on the Global Page

The seven BDMGPR Global Page index bits allow access to the full SMB address map that can be accessed
with 23 address bits. This provides an alternative way to access all of the various pages of FLASH, RAM
and Data FLASH.

The BDM global page index register (BDMGPR) is used only in the case the CPU is executing a firmware
command which uses a global instruction (like GLDD, GSTD) or by a BDM hardware command (like
WRITE_W, WRITE_BYTE, READ_W, READ_BYTE). See the BDM Block Guide for further details.

The generated global address is a result of concatenation of the BDM local address with the BDMGPR
register [22:16] in the case of a hardware command or concatenation of the CPU local address and the
BDMGPR register [22:16] in the case of a firmware command (see Figure 3-18).

S12XS Family Reference Manual, Rev. 1.13
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Background Debug Module (S12XBDMV?2)

Differently from the normal bit transfer (where the host initiates the transmission), the serial interface ACK
handshake pulse is initiated by the target MCU by issuing a negative edge in the BKGD pin. The hardware
handshake protocol in Figure 5-11 specifies the timing when the BKGD pin is being driven, so the host
should follow this timing constraint in order to avoid the risk of an electrical conflict in the BKGD pin.

NOTE

The only place the BKGD pin can have an electrical conflict is when one
side is driving low and the other side is issuing a speedup pulse (high). Other
“highs” are pulled rather than driven. However, at low rates the time of the
speedup pulse can become lengthy and so the potential conflict time
becomes longer as well.

The ACK handshake protocol does not support nested ACK pulses. If a BDM command is not
acknowledge by an ACK pulse, the host needs to abort the pending command first in order to be able to
issue a new BDM command. When the CPU enters wait or stop while the host issues a hardware command
(e.g., WRITE_BYTE), the target discards the incoming command due to the wait or stop being detected.
Therefore, the command is not acknowledged by the target, which means that the ACK pulse will not be
issued in this case. After a certain time the host (not aware of stop or wait) should decide to abort any
possible pending ACK pulse in order to be sure a new command can be issued. Therefore, the protocol
provides a mechanism in which a command, and its corresponding ACK, can be aborted.

NOTE

The ACK pulse does not provide a time out. This means for the GO_UNTIL
command that it can not be distinguished if a stop or wait has been executed
(command discarded and ACK not issued) or if the “UNTIL” condition
(BDM active) is just not reached yet. Hence in any case where the ACK
pulse of a command is not issued the possible pending command should be
aborted before issuing a new command. See the handshake abort procedure
described in Section 5.4.8, “Hardware Handshake Abort Procedure”.

5.4.8 Hardware Handshake Abort Procedure

The abort procedure is based on the SYNC command. In order to abort a command, which had not issued
the corresponding ACK pulse, the host controller should generate a low pulse in the BKGD pin by driving
it low for at least 128 serial clock cycles and then driving it high for one serial clock cycle, providing a
speedup pulse. By detecting this long low pulse in the BKGD pin, the target executes the SYNC protocol,
see Section 5.4.9, “SYNC — Request Timed Reference Pulse”, and assumes that the pending command
and therefore the related ACK pulse, are being aborted. Therefore, after the SYNC protocol has been
completed the host is free to issue new BDM commands. For Firmware READ or WRITE commands it
can not be guaranteed that the pending command is aborted when issuing a SYNC before the
corresponding ACK pulse. There is a short latency time from the time the READ or WRITE access begins
until it is finished and the corresponding ACK pulse is issued. The latency time depends on the firmware
READ or WRITE command that is issued and if the serial interface is running on a different clock rate
than the bus. When the SYNC command starts during this latency time the READ or WRITE command
will not be aborted, but the corresponding ACK pulse will be aborted. A pending GO, TRACE1 or

S12XS Family Reference Manual, Rev. 1.13
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Background Debug Module (S12XBDMV?2)

The ACK_ENABLE sends an ACK pulse when the command has been completed. This feature could be
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pulse is
issued in response to this command, the host knows that the target supports the hardware handshake
protocol. If the target does not support the hardware handshake protocol the ACK pulse is not issued. In
this case, the ACK_ENABLE command is ignored by the target since it is not recognized as a valid
command.

The BACKGROUND command will issue an ACK pulse when the CPU changes from normal to
background mode. The ACK pulse related to this command could be aborted using the SYNC command.

The GO command will issue an ACK pulse when the CPU exits from background mode. The ACK pulse
related to this command could be aborted using the SYNC command.

The GO_UNTIL command is equivalent to a GO command with exception that the ACK pulse, in this
case, is issued when the CPU enters into background mode. This command is an alternative to the GO
command and should be used when the host wants to trace if a breakpoint match occurs and causes the
CPU to enter active background mode. Note that the ACK is issued whenever the CPU enters BDM, which
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse related
to this command could be aborted using the SYNC command.

The TRACE1 command has the related ACK pulse issued when the CPU enters background active mode
after one instruction of the application program is executed. The ACK pulse related to this command could
be aborted using the SYNC command.

5.4.9 SYNC — Request Timed Reference Pulse

The SYNC command is unlike other BDM commands because the host does not necessarily know the
correct communication speed to use for BDM communications until after it has analyzed the response to
the SYNC command. To issue a SYNC command, the host should perform the following steps:

1. Drive the BKGD pin low for at least 128 cycles at the lowest possible BDM serial communication
frequency (the lowest serial communication frequency is determined by the crystal oscillator or the
clock chosen by CLKSW.)

2. Drive BKGD high for a brief speedup pulse to get a fast rise time (this speedup pulse is typically
one cycle of the host clock.)

3. Remove all drive to the BKGD pin so it reverts to high impedance.
4. Listen to the BKGD pin for the sync response pulse.

Upon detecting the SYNC request from the host, the target performs the following steps:
1. Discards any incomplete command received or bit retrieved.
Waits for BKGD to return to a logic one.
Delays 16 cycles to allow the host to stop driving the high speedup pulse.
Drives BKGD low for 128 cycles at the current BDM serial communication frequency.
Drives a one-cycle high speedup pulse to force a fast rise time on BKGD.
Removes all drive to the BKGD pin so it reverts to high impedance.

SNk v

The host measures the low time of this 128 cycle SYNC response pulse and determines the correct speed
for subsequent BDM communications. Typically, the host can determine the correct communication speed
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Background Debug Module (S12XBDMV2)
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S12XE Clocks and Reset Generator (S12XECRGV1)

8.4.3.3 Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. The
oscillator is disabled in STOP mode unless the PSTP bit is set. If the PRE or PCE bits are set, the RTI or
COP continues to run in Pseudo Stop Mode. In addition to disabling system and core clocks the
S12XECRG requests other functional units of the MCU (e.g. voltage-regulator) to enter their individual
power saving modes (if available).

If the PLLSEL bit is still set when entering Stop Mode, the S12XECRG will switch the system and core
clocks to OSCCLK by clearing the PLLSEL bit. Then the SI2XECRG disables the IPLL, disables the core
clock and finally disables the remaining system clocks.

If Pseudo Stop Mode is entered from Self-Clock Mode the S12XECRG will continue to check the clock
quality until clock check is successful. In this case the IPLL and the voltage regulator (VREG) will remain
enabled. If Full Stop Mode (PSTP = 0) is entered from Self-Clock Mode the ongoing clock quality check
will be stopped. A complete timeout window check will be started when Stop Mode is left again.

There are two ways to restart the MCU from Stop Mode:

1. Any reset

2. Any interrupt
If the MCU is woken-up from Full Stop Mode by an interrupt and the fast wake-up feature is enabled
(FSTWKP=1 and SCME=1), the system will immediately (no clock quality check) resume operation in
Self-Clock Mode (see Section 8.4.1.4, “Clock Quality Checker”). The SCMIF flag will not be set for this
special case. The system will remain in Self-Clock Mode with oscillator disabled until FSTWKP bit is
cleared. The clearing of FSTWKP will start the oscillator and the clock quality check. If the clock quality

check is successful, the SI2XECRG will switch all system clocks to oscillator clock. The SCMIF flag will
be set. See application examples in Figure 8-19 and Figure 8-20.

Because the IPLL has been powered-down during Stop Mode the PLLSEL bit is cleared and the MCU runs
on OSCCLK after leaving Stop-Mode. The software must manually set the PLLSEL bit again, in order to
switch system and core clocks to the PLLCLK.

NOTE

In Full Stop Mode or Self-Clock Mode caused by the fast wake-up feature
the clock monitor and the oscillator are disabled.

S12XS Family Reference Manual, Rev. 1.13
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8.5.1

S12XE Clocks and Reset Generator (S12XECRGV1)

Table 8-16. Reset Summary

Reset Source

Local Enable

COP Watchdog Reset

COPCTL (CR[2:0] nonzero)

Description of Reset Operation

The reset sequence is initiated by any of the following events:
Low level is detected at the RESET pin (External Reset).

Power on is detected.
Low voltage is detected.

Illegal Address Reset is detected (refer to device MMC information for details).

COP watchdog times out.
Clock monitor failure is detected and Self-Clock Mode was disabled (SCME=0).

Upon detection of any reset event, an internal circuit drives the RESET pin low for 128 SYSCLK cycles
(see Figure 8-21). Since entry into reset is asynchronous it does not require a running SYSCLK. However,

the internal reset circuit of the SI2XECRG cannot sequence out of current reset condition without a
running SYSCLK. The number of 128 SYSCLK cycles might be increased by n = 3 to 6 additional
SYSCLK cycles depending on the internal synchronization latency. After 128+n SYSCLK cycles the

RESET pin is released. The reset generator of the SI2ZXECRG waits for additional 64 SYSCLK cycles and
then samples the RESET pin to determine the originating source. Table 8-17 shows which vector will be
fetched.

Table 8-17. Reset Vector Selection

Sampled RESET Pin
(64 cycles after release)

Clock Monitor
Reset Pending

CoP

Reset Pending

Vector Fetch

External circuitry connected to the RESET pin should be able to raise the

signal to a valid logic one within 64 SYSCLK cycles after the low drive is
released by the MCU. If this requirement is not adhered to the reset source
will always be recognized as “External Reset” even if the reset was initially

caused by an other reset source.

1 0 0 POR/LVR/
lllegal Address Reset/
External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset
0 X X POR/LVR/
lllegal Address Reset/ External Reset
with rise of RESET pin
NOTE

S12XS Family Reference Manual, Rev. 1.13
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Freescale’s Scalable Controller Area Network (S12MSCANV3)

11.3.3.3 Data Length Register (DLR)
Thisregister keeps the data length field of the CAN frame.

Module Base + 0x00XC

7 6 5 4 3 2 1 0

R

DLC3 DLC2 DLC1 DLCO
W
Reset: X X X X X X X X
= Unused; always read “x”
Figure 11-35. Data Length Register (DLR) — Extended Identifier Mapping
Table 11-34. DLR Register Field Descriptions

Field Description
3-0 Data Length Code Bits — The data length code contains the number of bytes (data byte count) of the respective

Table 11-35 shows the effect of setting the DLC bits.

DLC[3:0] |message. During the transmission of a remote frame, the data length code is transmitted as programmed while
the number of transmitted data bytes is always 0. The data byte count ranges from 0 to 8 for a data frame.

Table 11-35. Data Length Codes

Data Length Code Data Byte
DLC3 DLC2 DLC1 DLCO Count
0 0 0 0 0
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

11.3.3.4 Transmit Buffer Priority Register (TBPR)

Thisregister defines the local priority of the associated message buffer. The local priority is used for the
internal prioritization process of the MSCAN and is defined to be highest for the smallest binary number.

The MSCAN implements the following internal prioritization mechanisms:

» All transmission buffers with a cleared TXEX flag participate in the prioritization immediately

before the SOF (start of frame) is sent.
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Freescale’s Scalable Controller Area Network (S12MSCANV3)

generates areceive interrupt1 (see Section 11.4.7.3, “Receive Interrupt”) to the CPU. The user’s receive
handler must read the received message from the RxFG and then reset the RXF flag to acknowledge the
interrupt and to rel ease the foreground buffer. A new message, which can follow immediately after the IFS
field of the CAN frame, isreceived into the next available RxBG. If the MSCAN receives an invalid
message in its RxBG (wrong identifier, transmission errors, etc.) the actual contents of the buffer will be
over-written by the next message. The buffer will then not be shifted into the FIFO.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted messages into the
background receive buffer, RxBG, but does not shift it into the receiver FIFO, generate areceiveinterrupt,
or acknowledge its own messages on the CAN bus. The exception to thisrule isin loopback mode (see
Section 11.3.2.2, “MSCAN Control Register 1 (CANCTL1)”) wherethe MSCAN treatsits own messages
exactly likeall other incoming messages. The MSCAN receives its own transmitted messagesin the event
that it loses arbitration. If arbitration is lost, the MSCAN must be prepared to become areceiver.

An overrun condition occurs when all receive message buffersin the FIFO are filled with correctly
received messages with accepted identifiers and another message is correctly received from the CAN bus
with an accepted identifier. The latter messageis discarded and an error interrupt with overrun indication
isgenerated if enabled (see Section 11.4.7.5, “Error Interrupt”). The MSCAN remains able to transmit
messages while the receiver FIFO is being filled, but all incoming messages are discarded. As soon as a
receive buffer in the FIFO is available again, new valid messages will be accepted.

11.4.3 Identifier Acceptance Filter

The MSCAN identifier acceptance registers (see Section 11.3.2.12, “MSCAN |dentifier Acceptance
Control Register (CANIDAC)”) define the acceptable patterns of the standard or extended identifier
(ID[10:Q] or ID[28:0]). Any of these bits can be marked ‘don’t care’ in the MSCAN identifier mask
registers (see Section 11.3.2.18, “MSCAN Identifier Mask Registers (CANIDMRO-CANIDMRY7)").

A filter hitisindicated to the application software by a set receive buffer full flag (RXF = 1) and three bits
in the CANIDAC register (see Section 11.3.2.12, “MSCAN |dentifier Acceptance Control Register
(CANIDAC)"). Theseidentifier hit flags (IDHIT[2:0]) clearly identify the filter section that caused the
acceptance. They simplify the application software’ stask to identify the cause of the receiver interrupt. If
more than one hit occurs (two or more filters match), the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different modes:
» Two identifier acceptance filters, each to be applied to:
— Thefull 29 bits of the extended identifier and to the following bits of the CAN 2.0B frame:
— Remote transmission request (RTR)
— ldentifier extension (IDE)
— Substitute remote request (SRR)

— The 11 bits of the standard identifier plusthe RTR and IDE bits of the CAN 2.0A/B messages.
This mode implements two filters for afull length CAN 2.0B compliant extended identifier.
Although this mode can be used for standard identifiers, it is recommended to use the four or
eight identifier acceptance filters.

1. The receive interrupt occurs only if not masked. A polling scheme can be applied on RXF also.
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Freescale’s Scalable Controller Area Network (S12MSCANV3)

CAN 2.0B
Extended Identifier | 1D28

ID21 | 1D20 IDR1

ID15

CAN20AB | p1o
Standard Identifier

AM7

AC7

ID3 | 1D2 IDR1

CANIDMRO AMO | AM7 CANIDMR1

ACO | AC7 CANIDAR1

ID Accepted (Filter 0 Hit)

IDE

AMO

ACO

AM7

AC7

CANIDMR2

AMO | AM7 CANIDMR3

ACO | AC7 CANIDAR3

AMO

ACO

7
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Pulse-Width Modulator (S12PWM8B8CV1)

Write: Anytime (any value written causes PWM counter to be reset to $00).

13.3.2.13 PWM Channel Period Registers (PWMPERX)

There is a dedicated period register for each channel. The value in this register determines the period of
the associated PWM channel.

The period registers for each channel are double buffered so that if they change while the channel is
enabled, the change will NOT take effect until one of the following occurs:

» The effective period ends

» The counter is written (counter resets to $00)

* The channel is disabled
In this way, the output of the PWM will always be either the old waveform or the new waveform, not some
variation in between. If the channel is not enabled, then writes to the period register will go directly to the
latches as well as the buffer.

NOTE

Reads of this register return the most recent value written. Reads do not
necessarily return the value of the currently active period due to the double
buffering scheme.

See Section 13.4.2.3, “PWM Period and Duty” for more information.

To calculate the output period, take the selected clock source period for the channel of interest (A, B, SA,
or SB) and multiply it by the value in the period register for that channel:
* Left aligned output (CAEx = 0)
*  PWMxPeriod=Channel Clock Period * PWMPERXx Center Aligned Output (CAEx=1)
PWMx Period = Channel Clock Period * (2 * PWMPERX)

For boundary case programming values, please refer to Section 13.4.2.8, “PWM Boundary Cases”.

Module Base + 0x0014 = PWMPERO, 0x0015 = PWMPER1, 0x0016 = PWMPER2, 0x0017 = PWMPER3
Module Base + 0x0018 = PWMPER4, 0x0019 = PWMPERS5, 0x001A = PWMPERS6, 0x001B = PWMPERY

7 6 5 4 3 2 1 0
R . .
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 1 1 1 1 1 1 1 1

Figure 13-15. PWM Channel Period Registers (PWMPERX)
Read: Anytime
Write: Anytime

S12XS Family Reference Manual, Rev. 1.13
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Pulse-Width Modulator (S12PWM8B8CV1)

E=100ns _, | |
-~

I I
|<— Duty Cycle = 75% —— >
I I
| Period = 400 ns i >

I

[ [ [
Figure 13-21. PWM Left Aligned Output Example Waveform

A

13.4.2.6 Center Aligned Outputs

For center aligned output mode selection, set the CAEx bit (CAEx = 1) in the PWMCAE register and the
corresponding PWM output will be center aligned.

The 8-bit counter operates as an up/down counter in this mode and is set to up whenever the counter is
equal to $00. The counter compares to two registers, a duty register and a period register as shown in the
block diagram in Figure 13-19. When the PWM counter matches the duty register, the output flip-flop
changes state, causing the PWM waveform to also change state. A match between the PWM counter and
the period register changes the counter direction from an up-count to a down-count. When the PWM
counter decrements and matches the duty register again, the output flip-flop changes state causing the
PWM output to also change state. When the PWM counter decrements and reaches zero, the counter
direction changes from a down-count back to an up-count and a load from the double buffer period and
duty registers to the associated registers is performed, as described in Section 13.4.2.3, “PWM Period and
Duty”. The counter counts from 0 up to the value in the period register and then back down to 0. Thus the
effective period is PWMPERXx*2.

NOTE

Changing the PWM output mode from left aligned to center aligned output
(or vice versa) while channels are operating can cause irregularities in the
PWM output. It is recommended to program the output mode before
enabling the PWM channel.

PPOLXx =0

PWMDTYX

>
>

|
I
I
PPOLx = 1 |
I
I

_ PWMDTYx

<« PWMPERX — »l<«— PWMPERX —— >
|

Period = PWMPERX*2

Figure 13-22. PWM Center Aligned Output Waveform
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Timer Module (TIM16B8CV2)

+ Eight input capture/output compare channels.
* Clock prescaling.

» 16-bit counter.

* 16-bit pulse accumulator.

16.1.2 Modes of Operation

Stop: Timer is off because clocks are stopped.

Freeze: Timer counter keep on running, unless TSFRZ in TSCR1 (0x0006) is set to 1.
Wait: Counters keep on running, unless TSWAI in TSCR1 (0x0006) is set to 1.
Normal: Timer counter keep on running, unless TEN in TSCR1 (0x0006) is cleared to 0.
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Timer Module (TIM16B8CV2)

16.3.2.4 Output Compare 7 Data Register (OC7D)

Module Base + 0x0003

7 6 5 4 3 2 1 0
R
OC7D7 OC7D6 OC7D5 OC7D4 OC7D3 OC7D2 OC7D1 OC7D0
w
Reset 0 0 0 0 0 0 0 0

Figure 16-9. Output Compare 7 Data Register (OC7D)
Read: Anytime
Write: Anytime

Table 16-5. OC7D Field Descriptions

Field Description
7:0 Output Compare 7 Data — A channel 7 event, which can be a counter overflow when TTOV[7] is set or a
OC7DI[7:0] |successful output compare on channel 7, can cause bits in the output compare 7 data register to transfer to the
timer port data register depending on the output compare 7 mask register.

16.3.2.5 Timer Count Register (TCNT)

Module Base + 0x0004

15

14

13

12

11

10

R
TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8
W
Reset 0 0 0 0 0 0 0 0
Figure 16-10. Timer Count Register High (TCNTH)
Module Base + 0x0005
7 6 5 4 3 2 1 0
R
TCNT7 TCNT6 TCNTS5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO
W
Reset 0 0 0 0 0 0 0 0

Figure 16-11. Timer Count Register Low (TCNTL)

The 16-bit main timer is an up counter.

A full access for the counter register should take place in one clock cycle. A separate read/write for high
byte and low byte will give a different result than accessing them as a word.

Read: Anytime
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256 KByte Flash Module (S12XFTMR256K1V1)

Table 18-40. Program P-Flash 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 18-28)
ACCERR

Set if an invalid global address [22:0] is supplied

FSTAT Set if a misaligned phrase address is supplied (global address [2:0] != 000)

FPVIOL Set if the global address [22:0] points to a protected area

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

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

MGSTATO .
operation

18.4.2.6 Program Once Command

The Program Once command restricts programming to a reserved 64 byte field (8 phrases) in the
nonvolatile information register located in P-Flash block 0. The Program Once reserved field can be read
using the Read Once command as described in Section 18.4.2.4. The Program Once command must only
be issued once since the nonvolatile information register in P-Flash block 0 cannot be erased. The Program
Once command must not be executed from the Flash block containing the Program Once reserved field to
avoid code runaway.

Table 18-41. Program Once Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters
000 0x07 Not Required
001 Program Once phrase index (0x0000 - 0x0007)
010 Program Once word 0 value
011 Program Once word 1 value
100 Program Once word 2 value
101 Program Once word 3 value

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 block 0 will return invalid data.
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128 KByte Flash Module (S12XFTMR128K1V1)

Table 19-20. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size
00 0x7F_8000-0x7F_83FF 1 Kbyte
01 Ox7F_8000-0x7F_87FF 2 Kbytes
10 0x7F_8000-0x7F_8FFF 4 Kbytes
11 Ox7F_8000-0x7F_9FFF 8 Kbytes

All possible P-Flash protection scenarios are shown in Figure 19-14. Although the protection scheme is
loaded from the Flash memory at global address O0x7F_FFOC during the reset sequence, it can be changed
by the user. The P-Flash protection scheme can be used by applications requiring reprogramming in single
chip mode while providing as much protection as possible if reprogramming is not required.
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20.3.2.17 Flash Reserved3 Register (FRSV3)

This Flash register is reserved for factory testing.

Offset Module Base + 0x0012

64 KByte Flash Module (S12XFTMR64K1V1)

7 6 5 4 2 1 0
R 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 20-24. Flash Reserved3 Register (FRSV3)

All bits in the FRSV3 register read 0 and are not writable.

20.3.2.18 Flash Reserved4 Register (FRSV4)

This Flash register is reserved for factory testing.

Offset Module Base + 0x0013

7 6 5 4 2 1 0
R 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 20-25. Flash Reserved4 Register (FRSV4)

All bits in the FRSV4 register read 0 and are not writable.

20.4 Functional Description

20.4.1 Flash Command Operations

Flash command operations are used to modify Flash memory contents.

The next sections describe:

* How to write the FCLKDIV register that is used to generate a time base (FCLK) derived from

OSCCLK for Flash program and erase command operations

* The command write sequence used to set Flash command parameters and launch execution

* Valid Flash commands available for execution
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0x00C8-0x00CF Asynchronous Serial Interface (SCIO) Map

Address

0x00C8

0x00C9

0x00CA

0x00C8

0x00C9

0x00CA

0x00CB

0oxoo0CC

0x00CD

0x00CE

0x00CF

Name

SCIOBDH?
scloBDL?
SCIOCR1!
SCIOASR1?
SCIOACR1?
SCIOACR2?
SCIOCR2
SCIOSR1
SCIOSR2
SCIODRH

SCIODRL

Detailed Register Address Map

S IS IS TSVSTSTVTSVSTSVTSTSD

1 Those registers are accessible 1f the AMAP bit In th

Address

0x00DO0

0x00D1

0x00D2

0x00DO0

0x00D1

0x00D2

0x00D3

Name

SCI1BDH?
scliBpL!
SCI1CR1!
SCI1ASR1?
SCI1ACR1?
SCI1ACR2?

SCI1CR2

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IREN TNP1 TNPO SBR12 SBR11 SBR10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0 0 0 0
RXEDGIF BERRV BERRIF BKDIF
RXEDGIE 0 0 0 0 0 BERRIE BKDIE
0 0 0 0 0
BERRM1 | BERRMO BKDFE
TIE TCIE RIE ILIE TE RE RwWU SBK
TDRE TC RDRF IDLE OR NF FE PF
0 0 RAF
AMAP TXPOL RXPOL BRK13 TXDIR
R8 0 0 0 0 0 0
T8
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
€ SCIUSRZ register 1s set to zero
> Those registers are accessible if the AMAP bit in the SCIOSR2 register is set to one
0x00D0-0x00D7 Asynchronous Serial Interface (SCI1) Map
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IREN TNP1 TNPO SBR12 | SBR11 | SBRI10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0 0 0 0
RXEDGIF BERRV BERRIF BKDIF
0 0 0 0 0
RXEDGIE BERRIE BKDIE
0 0 0 0 0
BERRM1 | BERRMO BKDFE
TIE TCIE RIE ILIE TE RE RwWU SBK
TDRE TC RDRF IDLE OR NF FE PF

0x00D4

SCI1SR1

S TS VSTSVSTSTVTSOVSD
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