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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

Memory options:
— 16K or 32Kbyte Flash EEPROM (erasable in 512-byte sectors)
64K, 96K, or 128Kbyte Flash EEPROM (erasable in 1024-byte sectors)

— 1K, 2K or 4K Byte RAM

Analog-to-digital converters:

— One 8-channel module with 10-bit resolution

— External conversion trigger capability

Available on MC9S12C Family:

— One 1M bit per second, CAN 2.0 A, B software compatible module
— Five receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit, or 8 x 8 bit
— Four separate interrupt channels for Rx, Tx, error, and wake-up

— Low-pass filter wake-up function

— Loop-back for self test operation

Timer module (TIM):

— 8-channel timer

— Each channel configurable as either input capture or output compare
— Simple PWM mode

— Modulo reset of timer counter

— 16-bit pulse accumulator

— External event counting

— QGated time accumulation

PWM module:

— Programmable period and duty cycle

— 8-bit 6-channel or 16-bit 3-channel

— Separate control for each pulse width and duty cycle

— Center-aligned or left-aligned outputs

— Programmable clock select logic with a wide range of frequencies
— Fast emergency shutdown input

Serial interfaces:

— One asynchronous serial communications interface (SCI)

— One synchronous serial peripheral interface (SPI)

CRG (clock reset generator module)
— Windowed COP watchdog

— Real time interrupt

— Clock monitor

— Pierce or low current Colpitts oscillator

— Phase-locked loop clock frequency multiplier

— Limp home mode in absence of external clock

— Low power 0.5MHz to 16MHz crystal oscillator reference clock
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0240-0x027F  PIM (Port Interface Module) (Sheet 3 of 3)

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

0x026A DDRJ Re.ad: DDRJ7 DDRJ7 0 0 0 0 0 0
Write:

0x026B RDRJ Regd: RDRJ7 RDRJ6 0 0 0 0 0 0
Write:

0x026C PERJ Regd: PERJ7 PERJ6 0 0 0 0 0 0
Write:

0x026D PPSJ Read: ppsy7 | PPsJe 0 0 0 0 0 0
Write:

0x026E PIEJ Regd: PIEJ7 PIEJ6 0 0 0 0 0 0
Write:

0x026F PIFJ Regd: PIFJ7 PIFJ6 0 0 0 0 0 0
Write:

0x0270 PTAD \F;Veri: PTAD7 PTADG6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

0x0271 PTIAD Regd: PTIAD7 | PTIAD6 | PTIAD5 | PTIAD4 | PTIAD3 | PTIAD2 | PTIAD1 PTIJ7
Write:

0x0272 DDRAD \?Veri: DDRAD7 | DDRAD6 | DDRAD5 | DDRAD4 | DDRAD3 | DDRAD2 | DDRAD1 | DDRADO

0x0273 RDRAD \F/{Veri: RDRAD7 | RDRAD6 | RDRAD5 | RDRAD4 | RDRAD3 | RDRAD2 | RDRAD1 | RDRADO

0x0274 PERAD Sfrﬁ: PERAD7 | PERAD6 | PERAD5 | PERAD4 | PERAD3 | PERAD2 | PERAD1 | PERADO

0x0275 PPSAD \?Veri: PPSAD7 | PPSAD6 | PPSAD5 | PPSAD4 | PPSAD3 | PPSAD2 | PPSAD1 | PPSADO

0x0276- R d Read: 0 0 0 0 0 0 0 0

0x027F eserve Write:

0x0280-0x03FF Reserved Space

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0x0280— Reserved Read: 0 0 0 0 0 0 0 0
Ox2FF BSeVEe Write:
0x0300 Unimplemented Read: 0 0 0 0 0 0 0 0
—0x03FF - MPIemented e
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Chapter 2 Port Integration Module (PIM9C32) Block Description

2.1.2
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Block Diagram
Figure 2-1 is a block diagram of the PIM.
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Figure 2-1. PIM Block Diagram
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| Interrupt Logic |
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Port E

Note: The MODRR register within the PIM allows for mapping of PWM channels to Port T in the absence
of Port P pins for the low pin count packages. For the 80QFP package option it is recommended not to use
MODRR since this is intended to support PWM channel availability in low pin count packages. Note that
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Chapter 6 Background Debug Module (BDMV4) Block Description

Table 6-2. BDMSTS Field Descriptions (continued)

Field

Description

CLKSW

Clock Switch — The CLKSW bit controls which clock the BDM operates with. It is only writable from a hardware
BDM command. A 150 cycle delay at the clock speed that is active during the data portion of the command will
occur before the new clock source is guaranteed to be active. The start of the next BDM command uses the new
clock for timing subsequent BDM communications.

Table 6-3 shows the resulting BDM clock source based on the CLKSW and the PLLSEL (PII select from the clock

and reset generator) bits.

Note: The BDM alternate clock source can only be selected when CLKSW =0 and PLLSEL = 1. The BDM serial
interface is now fully synchronized to the alternate clock source, when enabled. This eliminates frequency
restriction on the alternate clock which was required on previous versions. Refer to the device overview
section to determine which clock connects to the alternate clock source input.

Note: If the acknowledge function is turned on, changing the CLKSW bit will cause the ACK to be at the new rate
for the write command which changes it.

UNSEC

Unsecure — This bit is only writable in special single-chip mode from the BDM secure firmware and always gets
reset to zero. It is in a zero state as secure mode is entered so that the secure BDM firmware lookup table is
enabled and put into the memory map along with the standard BDM firmware lookup table.

The secure BDM firmware lookup table verifies that the on-chip EEPROM and FLASH EEPROM are erased. This

being the case, the UNSEC bit is set and the BDM program jumps to the start of the standard BDM firmware

lookup table and the secure BDM firmware lookup table is turned off. If the erase test fails, the UNSEC bit will

not be asserted.

0 System is in a secured mode

1 System is in a unsecured mode

Note: When UNSEC is set, security is off and the user can change the state of the secure bits in the on-chip
FLASH EEPROM. Note that if the user does not change the state of the bits to “unsecured” mode, the
system will be secured again when it is next taken out of reset.

Table 6-3. BDM Clock Sources

PLLSEL

CLKSW BDMCLK

0 Bus clock

1 Bus clock

0 Alternate clock (refer to the device overview chapter to determine the alternate clock
source)

1 Bus clock dependent on the PLL
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Chapter 6 Background Debug Module (BDMV4) Block Description

6.3.2.2 BDM CCR Holding Register (BDMCCR)
OxFF06
7 6 5 4 3 2 1 0
Wl CCR? CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
Reset 0 0 0 0 0 0 0 0

Figure 6-4. BDM CCR Holding Register (BDMCCR)
Read: All modes

Write: All modes

NOTE

When BDM is made active, the CPU stores the value of the CCR register in
the BDMCCR register. However, out of special single-chip reset, the
BDMCCR is set to 0xD8 and not 0xD0 which is the reset value of the CCR
register.

When entering background debug mode, the BDM CCR holding register is used to save the contents of the
condition code register of the user’s program. It is also used for temporary storage in the standard BDM
firmware mode. The BDM CCR holding register can be written to modify the CCR value.

6.3.2.3 BDM Internal Register Position Register (BDMINR)
OxFFO7
7 6 5 4 3 2 0
R 0 REG14 REG13 REG12 REG11 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 6-5. BDM Internal Register Position (BDMINR)
Read: All modes

Write: Never
Table 6-4. BDMINR Field Descriptions

Field Description

6:3 Internal Register Map Position — These four bits show the state of the upper five bits of the base address for
REG[14:11] | the system’s relocatable register block. BDMINR is a shadow of the INITRG register which maps the register
block to any 2K byte space within the first 32K bytes of the 64K byte address space.
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Chapter 6 Background Debug Module (BDMV4) Block Description

block, the type of breakpoint used determines if BDM becomes active before or after execution of the next
instruction.

NOTE

If an attempt is made to activate BDM before being enabled, the CPU
resumes normal instruction execution after a brief delay. If BDM is not
enabled, any hardware BACKGROUND commands issued are ignored by
the BDM and the CPU is not delayed.

In active BDM, the BDM registers and standard BDM firmware lookup table are mapped to addresses
0xFF00 to OxFFFF. BDM registers are mapped to addresses 0xFF00 to 0xFF07. The BDM uses these
registers which are readable anytime by the BDM. However, these registers are not readable by user
programs.

6.4.3 BDM Hardware Commands

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode. Target system memory includes all memory that is accessible by the CPU such
as on-chip RAM, EEPROM, FLASH EEPROM, I/O and control registers, and all external memory.

Hardware commands are executed with minimal or no CPU intervention and do not require the system to
be in active BDM for execution, although they can continue to be executed in this mode. When executing
a hardware command, the BDM sub-block waits for a free CPU bus cycle so that the background access
does not disturb the running application program. If a free cycle is not found within 128 clock cycles, the
CPU is momentarily frozen so that the BDM can steal a cycle. When the BDM finds a free cycle, the
operation does not intrude on normal CPU operation provided that it can be completed in a single cycle.
However, if an operation requires multiple cycles the CPU is frozen until the operation is complete, even
though the BDM found a free cycle.

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 175
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Chapter 8 Analog-to-Digital Converter (ATD10B8C) Block Description

8.3 Memory Map and Registers

This section provides a detailed description of all registers accessible in the ATD10B8C.

8.3.1 Module Memory Map

Figure 8-2 gives an overview on all ATD10BS8C registers.

Address Name Bit7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0000 ATDCTLO W
R 0 0 0 0 0 0 0 0
0x0001 ATDCTLA1
w
R ASCIF
0x0002 ATDCTL2 W ADPU AFFC AWAI | ETRIGLE | ETRIGP | ETRIGE ASCIE
R 0
0x0003 ATDCTL3 W S8C S4C S2C S1C FIFO FRz1 FRz0
R
0x0004 ATDCTL4 W SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
R 0
0x0005 ATDCTL5 W DJM DSGN SCAN MULT CcC CB CA
R 0 0 CcC2 CC1 CCo
0x0006 ATDSTATO W SCF ETORF FIFOR
. R 0 0 0 0 0 0 0 0
0x0007  Unimplemented W
R U U U U U U U U
0x0008 ATDTESTO W
R U U U U U U U
0x0009 ATDTEST1 W SC
. R 0 0 0 0 0 0 0 0
0x000A  Unimplemented W
R| CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
0x000B ATDSTATA W
. R 0 0 0 0 0 0 0 0
0x000C Unimplemented W
R
0x000D ATDDIEN W IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO
. R 0 0 0 0 0 0 0 0
0x000E Unimplemented W
R| PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
0x000F PORTAD W

|:|= Unimplemented or Reserved

Figure 8-2. ATD Register Summary (Sheet 1 of 4)

226 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
Rev 01.24



Chapter 8 Analog-to-Digital Converter (ATD10B8C) Block Description

8.3.2.9 ATD Test Register 1 (ATDTEST1)

This register contains the SC bit used to enable special channel conversions.

Module Base + 0x0009

7 6 5 4 3 2 1 0
R U U U U U U U
SC
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-11. ATD Test Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for Bit 7 and Bit 6
Write: Anytime
Table 8-14. ATDTEST1 Field Descriptions
Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using CC,
SC CB, and CA of ATDCTL5. Table 8-15 lists the coding.

0 Special channel conversions disabled
1 Special channel conversions enabled

in unpredictable ATD behavior.

Note: Always write remaining bits of ATDTEST1 (Bit7 to Bit1) zero when writing SC bit. Not doing so might result

Table 8-15. Special Channel Select Coding

SC CcC cB CA Analog Input Channel
1 0 X X Reserved
1 1 0 0 VRH
1 1 0 1 VgL
1 1 1 0 (VRu+VRL) /2
1 1 1 1 Reserved
240 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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Chapter 8 Analog-to-Digital Converter (ATD10B8C) Block Description

8.3.2.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the Conversion Complete Flags.

Module Base + 0x000B

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 8-12. ATD Status Register 1 (ATDSTAT1)
Read: Anytime
Write: Anytime, no effect
Table 8-16. ATDSTAT1 Field Descriptions
Field Description
7-0 Conversion Complete Flag x (x =7, 6, 5, 4, 3, 2, 1, 0) — A conversion complete flag is set at the end of each

when one of the following occurs:
A) Write to ATDCTLS5 (a new conversion sequence is started)

C) If AFFC = 1 and read of result register ATDDRx
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRx

B) If AFFC = 0 and read of ATDSTAT1 followed by read of result register ATDDRx

CCF[7:0] |conversion in a conversion sequence. The flags are associated with the conversion position in a sequence (and
also the result register number). Therefore, CCFO is set when the first conversion in a sequence is complete and
the result is available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is
complete and the result is available in ATDDR1, and so forth. A flag CCFx (x =7, 6, 5, 4, 3, 2, 1, 0) is cleared

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family
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Table 9-2. CRGFLG Field Descriptions (continued)

Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

Field Description
1 Self-Clock Mode Interrupt Flag — SCMIF is set to 1 when SCM status bit changes. This flag can only be
SCMIF cleared by writing a 1. Writing a 0 has no effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.
0 No change in SCM bit.
1 SCM bit has changed.
0 Self-Clock Mode Status Bit — SCM reflects the current clocking mode. Writes have no effect.
SCM 0 MCU is operating normally with OSCCLK available.
1 MCU is operating in self-clock mode with OSCCLK in an unknown state. All clocks are derived from PLLCLK
running at its minimum frequency fgop.
9.3.2.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

Module Base + 0x0004

7

R 0 0
RTIE LOCKIE SCMIE
w
Reset 0 0 0 0 0

Read: anytime

Write: anytime

= Unimplemented or Reserved

Figure 9-8. CRG Interrupt Enable Register (CRGINT)

Table 9-3. CRGINT Field Descriptions

1 Interrupt will be requested whenever SCMIF is set.

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 Lock Interrupt Enable Bit
LOCKIE |0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.
1 Self-Clock Mode Interrupt Enable Bit
SCMIE 0 SCM interrupt requests are disabled.

Freescale Semiconductor
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Chapter 9 Clocks and Reset Generator (CRGV4) Block Description
9.3.2.12 CRG COP Timer Arm/Reset Register (ARMCOP)
This register is used to restart the COP time-out period.

Module Base + 0x000B

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

w Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
Reset 0 0 0 0 0 0 0 0

Figure 9-15. ARMCOP Register Diagram
Read: always reads 0x0000
Write: anytime
When the COP is disabled (CR[2:0] = “000”) writing to this register has no effect.
When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than 0x0055 or 0OxO0OAA causes a COP reset. To restart the COP time-out
period you must write 0x0055 followed by a write of 0XOOAA. Other instructions may be executed
between these writes but the sequence (0x0055, 0x0O0AA) must be completed prior to COP end of
time-out period to avoid a COP reset. Sequences of 0x0055 writes or sequences of 0XO0AA writes
are allowed. When the WCOP bit is set, 0x0055 and 0x00AA writes must be done in the last 25%
of the selected time-out period; writing any value in the first 75% of the selected period will cause

a COP reset.

9.4 Functional Description

This section gives detailed informations on the internal operation of the design.

9.4.1 Phase Locked Loop (PLL)

The PLL is used to run the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided in a range of 1 to 16 to generate the reference frequency. This offers
a finer multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6,...

126,128 based on the SYNR register.

[SYNR +1]

CAUTION

Although it is possible to set the two dividers to command a very high clock

frequency, do not exceed the specified bus frequency limit for the MCU.
If (PLLSEL = 1), Bus Clock = PLLCLK /2
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Definition.” All reset sources are listed in Table 9-13. Refer to the device overview chapter for related

vector addresses and priorities.

Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

Table 9-13. Reset Summary

Reset Source

Local Enable

Power-on Reset None
Low Voltage Reset None
External Reset None

Clock Monitor Reset

PLLCTL (CME=1, SCME=0)

COP Watchdog Reset

COPCTL (CR[2:0] nonzero)

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.

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 9-25). Because entry into reset is asynchronous it does not require a running SYSCLK.

However, the internal reset circuit of the CRGV4 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 CRGV4 waits for additional 64 SYSCLK cycles and
then samples the RESET pin to determine the originating source. Table 9-14 shows which vector will be
fetched.

Table 9-14. Reset Vector Selection
Sampled RESET Pin .
(64 Cycles After Clock Mom_tor cop R_e set Vector Fetch
Reset Pending Pending
Release)
1 0 0 POR / LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset
0 X X POR / LVR / External Reset
with rise of RESET pin
NOTE

External circuitry connected to the RESET pin should not include a large
capacitance that would interfere with the ability of this signal to rise to a
valid logic 1 within 64 SYSCLK cycles after the low drive is released.

Freescale Semiconductor
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Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

9.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 9-15. Refer to the device overview
chapter for related vector addresses and priorities.

Table 9-15. CRG Interrupt Vectors

Interrupt Source 'g:::( Local Enable

Real-time interrupt | bit CRGINT (RTIE)
LOCK interrupt | bit CRGINT (LOCKIE)
SCM interrupt | bit CRGINT (SCMIE)

9.6.1 Real-Time Interrupt

The CRGV4 generates a real-time interrupt when the selected interrupt time period elapses. RTI interrupts
are locally disabled by setting the RTIE bit to 0. The real-time interrupt flag (RTIF) is set to 1 when a
timeout occurs, and is cleared to O by writing a 1 to the RTIF bit.

The RTI continues to run during pseudo-stop mode if the PRE bit is set to 1. This feature can be used for
periodic wakeup from pseudo-stop if the RTI interrupt is enabled.

9.6.2 PLL Lock Interrupt

The CRGV4 generates a PLL lock interrupt when the LOCK condition of the PLL has changed, either
from a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setting the
LOCKIE bit to 0. The PLL Lock interrupt flag (LOCKIF) is set tol when the LOCK condition has
changed, and is cleared to O by writing a 1 to the LOCKIF bit.

9.6.3 Self-Clock Mode Interrupt

The CRGV4 generates a self-clock mode interrupt when the SCM condition of the system has changed,
either entered or exited self-clock mode. SCM conditions can only change if the self-clock mode enable
bit (SCME) is set to 1. SCM conditions are caused by a failing clock quality check after power-on reset
(POR) or low voltage reset (LVR) or recovery from full stop mode (PSTP = 0) or clock monitor failure.
For details on the clock quality check refer to Section 9.4.4, “Clock Quality Checker.” If the clock monitor
is enabled (CME = 1) a loss of external clock will also cause a SCM condition (SCME = 1).

SCM interrupts are locally disabled by setting the SCMIE bit to 0. The SCM interrupt flag (SCMIF) is set
to 1 when the SCM condition has changed, and is cleared to 0 by writing a 1 to the SCMIF bit.

286 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV2)

10.4.7.1 Description of Interrupt Operation

The MSCAN supports four interrupt vectors (see Table 10-36), any of which can be individually masked
(for details see sections from Section 10.3.2.6, “MSCAN Receiver Interrupt Enable Register
(CANRIER),” to Section 10.3.2.8, “MSCAN Transmitter Interrupt Enable Register (CANTIER)”).

NOTE

The dedicated interrupt vector addresses are defined in the Resets and
Interrupts chapter.

Table 10-36. Interrupt Vectors

Interrupt Source CCR Mask Local Enable
Wake-Up Interrupt (WUPIF) | bit CANRIER (WUPIE)
Error Interrupts Interrupt (CSCIF, OVRIF) | bit CANRIER (CSCIE, OVRIE)
Receive Interrupt (RXF) | bit CANRIER (RXFIE)
Transmit Interrupts (TXE[2:0]) | bit CANTIER (TXEIE[2:0])

10.4.7.2 Transmit Interrupt

Atleast one of the three transmit buffers is empty (not scheduled) and can be loaded to schedule a message
for transmission. The TXEx flag of the empty message buffer is set.

10.4.7.3 Receive Interrupt

A message 1s successfully received and shifted into the foreground buffer (RxFG) of the receiver FIFO.
This interrupt is generated immediately after receiving the EOF symbol. The RXF flag is set. If there are
multiple messages in the receiver FIFO, the RXF flag is set as soon as the next message is shifted to the
foreground buffer.

10.4.7.4 Wake-Up Interrupt

A wake-up interrupt is generated if activity on the CAN bus occurs during MSCN internal sleep mode.
WUPE (see Section 10.3.2.1, “MSCAN Control Register 0 (CANCTLO0)”’) must be enabled.

10.4.7.5 Error Interrupt

An error interrupt is generated if an overrun of the receiver FIFO, error, warning, or bus-off condition
occurrs. Section 10.3.2.5, “MSCAN Receiver Flag Register (CANRFLG) indicates one of the following
conditions:

¢ Overrun — An overrun condition of the receiver FIFO as described in Section 10.4.2.3, “Receive
Structures,’ occurred.

* CAN Status Change — The actual value of the transmit and receive error counters control the
CAN bus state of the MSCAN. As soon as the error counters skip into a critical range (Tx/Rx-
warning, Tx/Rx-error, bus-off) the MSCAN flags an error condition. The status change, which
caused the error condition, is indicated by the TSTAT and RSTAT flags (see Section 10.3.2.5,
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Chapter 13 Serial Communications Interface (S12SCIV2) Block Description

13.4.3 Transmitter
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Figure 13-11. Transmitter Block Diagram

13.4.3.1 Transmitter Character Length

The SCI transmitter can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determines the length of data characters. When transmitting 9-bit data, bit T8
in SCI data register high (SCIDRH) is the ninth bit (bit 8).

13.4.3.2 Character Transmission

To transmit data, the MCU writes the data bits to the SCI data registers (SCIDRH/SCIDRL), which in turn
are transferred to the transmitter shift register. The transmit shift register then shifts a frame out through
the Tx output signal, after it has prefaced them with a start bit and appended them with a stop bit. The SCI
data registers (SCIDRH and SCIDRL) are the write-only buffers between the internal data bus and the

transmit shift register.

The SCI also sets a flag, the transmit data register empty flag (TDRE), every time it transfers data from the
buffer (SCIDRH/L) to the transmitter shift register. The transmit driver routine may respond to this flag by
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Chapter 15 Timer Module (TIM16B8CV1) Block Description

Table 15-22. PAFLG Field Descriptions

Field Description
1 Pulse Accumulator Overflow Flag — Set when the 16-bit pulse accumulator overflows from OxFFFF to 0x0000.
PAOVF | Clearing this bit requires wirting a one to this bit in the PAFLG register while TEN bit of TSCR1 register is set to
one.
0 Pulse Accumulator Input edge Flag — Set when the selected edge is detected at the IOC7 input pin.In event
PAIF mode the event edge triggers PAIF and in gated time accumulation mode the trailing edge of the gate signal at

the I0C7 input pin triggers PAIF.

Clearing this bit requires writing a one to this bit in the PAFLG register while TEN bit of TSCR1 register is set to
one. Any access to the PACNT register will clear all the flags in this register when TFFCA bit in register
TSCR(0x0006) is set.
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Chapter 17 16 Kbyte Flash Module (S12FTS16KV1)

To change the Flash protection that will be loaded on reset, the upper sector of the Flash array must be
unprotected, then the Flash protection byte located at Flash address 0xXFFOD must be written to.

A protected Flash sector is disabled by FPHDIS while the size of the protected sector is defined by
FPHS[1:0] in the FPROT register.

Trying to alter any of the protected areas will result in a protect violation error and the PVIOL flag will be
set in the FSTAT register (see Section 17.3.2.6). A mass erase of the whole Flash array is only possible
when protection is fully disabled by setting the FPOPEN and FPHDIS bits. An attempt to mass erase a
Flash array while protection is enabled will set the PVIOL flag in the FSTAT register.

Table 17-8. FPROT Field Descriptions

Field Description

FPOPEN Miprotected using the FPHDIS and FPHS[1:0] bits or to select the same address range to be unprotected as shown
in Table 17-9.

0 The FPHDIS bit allows a Flash address range to be unprotected
1 The FPHDIS bit allows a Flash address range to be protected

6 Nonvolatile Flag Bit — The NV6 bit should remain in the erased state for future enhancements.
NV6
5 Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a

FPHDIS | protected/unprotected area in the higher space of the Flash address map.
0 Protection/unprotection enabled
1 Protection/unprotection disabled

4-3 Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
FPHS[1:0] |sector as shown in Table 17-10. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.

—0 B state 1or tuture ennancements.
NV[2:0]

Table 17-9. Flash Protection Function

FPOPEN | FPHDIS | FPHS1 | FPHSO Function("
1 1 X X No protection
1 0 X X Protect high range
0 1 X X Full Flash array protected
0 0 X X Unprotected high range
T. For range sizes refer to Table 17/-10.

Table 17-10. Flash Protection Higher Address Range

FPHS[1:0] | Address Range Range Size
00 0xF800—-0xFFFF 2 Kbytes
01 0xFO00-0xFFFF 4 Kbytes
10 OxEO000-OxFFFF 8 Kbytes
11 0xC000-0xFFFF 16 Kbytes
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Chapter 19 64 Kbyte Flash Module (S12FTS64KV4)

Table 19-15. FCMD Field Descriptions

Field Description
6,5,2,0 |Valid Flash commands are shown in Table 19-16. An attempt to execute any command other than those listed in
CMDBJ6:5] | Table 19-16 will set the ACCERR bit in the FSTAT register (see Section 19.3.2.6).
CMDBI2]
CMDBJI0]
Table 19-16. Valid Flash Command List
CMDB NVM Command
0x05 Erase verify
0x20 Word program
0x40 Sector erase
0x41 Mass erase
19.3.2.8 RESERVED2

This register is reserved for factory testing and is not accessible to the user.

Module Base + 0x0007

5 3 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 19-14. RESERVED2

All bits read 0 and are not writable.

19.3.2.9

Flash Address Register (FADDR)

FADDRHI and FADDRLO are the Flash address registers.

Module Base + 0x0008

7 6 5 4 3 2 1 0
R
FABHI
W
Reset 0 0 0 0 0 0 0 0

Figure 19-15. Flash Address High Register (FADDRHI)
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Chapter 19 64 Kbyte Flash Module (S12FTS64KV4)

19.4.1.3.2 Program Command

The program operation will program a previously erased word in the Flash array using an embedded
algorithm.

An example flow to execute the program operation is shown in Figure 19-26. The program command write
sequence is as follows:

1. Write to a Flash array address to start the command write sequence for the program command. The
data written will be programmed to the Flash array address written.

2. Write the program command, 0x20, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the program
command.

If a word to be programmed is in a protected area of the Flash array, the PVIOL flag in the FSTAT register
will set and the program command will not launch. Once the program command has successfully launched,
the CCIF flag in the FSTAT register will set after the program operation has completed unless a new
command write sequence has been buffered. By executing a new program command write sequence on
sequential words after the CBEIF flag in the FSTAT register has been set, up to 55% faster programming
time per word can be effectively achieved than by waiting for the CCIF flag to set after each program
operation.
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Chapter 21 128 Kbyte Flash Module (S12FTS128K1V1)

21.4.1.3.1 Erase Verify Command
The erase verify operation will verify that a Flash array is erased.

An example flow to execute the erase verify operation is shown in Figure 21-22. The erase verify command
write sequence is as follows:

1. Write to a Flash array address to start the command write sequence for the erase verify command.
The address and data written will be ignored.

Write the erase verify command, 0x05, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the erase verify
command.

After launching the erase verify command, the CCIF flag in the FSTAT register will set after the operation
has completed unless a new command write sequence has been buffered. Upon completion of the erase
verify operation, the BLANK flag in the FSTAT register will be set if all addresses in the Flash array are
verified to be erased. If any address in the Flash array is not erased, the erase verify operation will terminate
and the BLANK flag in the FSTAT register will remain clear.
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