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2.3.15 Module Routing Register 0 (MODRR0)

 Address 0x0246 Access: User read/write1

1 Read: Anytime
Write: Once in normal, anytime in special mode

7 6 5 4 3 2 1 0

R
MODRR07 MODRR06 MODRR05 MODRR04 MODRR03 MODRR02 MODRR01 MODRR00

W

Routing
Option

HS1 HS0 LS1 LS0

Reset 0 0 0 0 0 0 0 0

Figure 2-13. Module Routing Register 0 (MODRR0)

Table 2-14. Module Routing Register 0 Field Descriptions

Field Description

7-6
MODRR0

MODule Routing Register 0 — HS1
This register controls the routing of PWM and TIM channels to pin HS1 of HSDRV module. By default the pin is
controlled by the related HSDRV port register bit.

11 PWM channel 1 routed to HS1 if enabled
10 PWM channel 4 routed to HS1 if enabled
01 TIM output compare channel 3 routed to HS1 if enabled
00 HS1 controlled by register bit HSDR[HSDR1]. Refer to HSDRV section.

5-4
MODRR0

MODule Routing Register 0 — HS0
This register controls the routing of PWM and TIM channels to pin HS0 of HSDRV module. By default the pin is
controlled by the related HSDRV port register bit.

11 PWM channel 3 routed to HS0 if enabled
10 PWM channel 3 routed to HS0 if enabled
01 TIM output compare channel 2 routed to HS0 if enabled
00 HS0 controlled by register bit HSDR[HSDR0]. Refer to HSDRV section.

3-2
MODRR0

MODule Routing Register 0 — LS1
This register controls the routing of PWM and TIM channels to pin LS1 of LSDRV module. By default the pin is
controlled by the related LSDRV port register bit.

11 PWM channel 7 routed to LS1 if enabled
10 PWM channel 7 routed to LS1 if enabled
01 TIM output compare channel 1 routed to LS1 if enabled
00 LS1 controlled by register bit LSDR[LSDR1]. Refer to LSDRV section.

1-0
MODRR0

MODule Routing Register 0 — LS0
This register controls the routing of PWM and TIM channels to pin LS0 of LSDRV module. By default the pin is
controlled by the related LSDRV port register bit.

11 PWM channel 5 routed to LS0 if enabled
10 PWM channel 6 routed to LS0 if enabled
01 TIM output compare channel 0 routed to LS0 if enabled
00 LS0 controlled by register bit LSDR[LSDR0]. Refer to LSDRV section.
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Table 2-24. PTP Register Field Descriptions

Field Description

5
PTP

PorT data register port P — General-purpose input/output data, PWM output, ETRIG input, pin interrupt
input/output, IRQ input
The IRQ signal is mapped to this pin when used with the IRQ interrupt function. If enabled
(IRQCR[IRQEN]=1) the I/O state of the pin is forced to be an input.
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
synchronized pin input state is read.

 • The IRQ function takes precedence over the PWM and the general-purpose I/O function if enabled.
 • 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.
 • The ETRIG function has no effect on the I/O state.

4
PTP

PorT data register port P — General-purpose input/output data, PWM output, ETRIG input, pin interrupt
input/output
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
synchronized 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.
 • The ETRIG function has no effect on the I/O state.

3
PTP

PorT data register port P — General-purpose input/output data, PWM output, pin interrupt input/output
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
synchronized 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
PTP

PorT data register port P — General-purpose input/output data, PWM output, switchable high-current capable
external supply with over-current protection (EVDD)
The associated pin can be used as general-purpose I/O or as a supply for external devices such as Hall sensors
(see Section 2.5.3, “Over-Current Protection on EVDD”. In 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
synchronized 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.
 • An over-current interrupt can be generated if enabled. Refer to Section 2.4.4.3, “Over-Current Interrupt”
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4.1.2 Modes of Operation

This subsection lists and briefly describes all operating modes supported by the S12CPMU_UHV.

4.1.2.1 Run Mode

The voltage regulator is in Full Performance Mode (FPM).

NOTE
The voltage regulator is active, providing the nominal supply voltages with
full current sourcing capability (see also Appendix for VREG electrical
parameters). The features ACLK clock source, Low Voltage Interrupt (LVI),
Low Voltage Reset (LVR) and Power-On Reset (POR) are available.

The Phase Locked Loop (PLL) is on.

The Internal Reference Clock (IRC1M) is on.

The API is available.

• PLL Engaged Internal (PEI)
— This is the default mode after System Reset and Power-On Reset.

— The Bus Clock is based on the PLLCLK.

— After reset the PLL is configured for 50MHz VCOCLK operation
Post divider is 0x03, so PLLCLK is VCOCLK divided by 4, that is 12.5MHz and Bus Clock is
6.25MHz.
The PLL can be re-configured for other bus frequencies.

— The reference clock for the PLL (REFCLK) is based on internal reference clock IRC1M

• PLL Engaged External (PEE)
— The Bus Clock is based on the PLLCLK.

— This mode can be entered from default mode PEI by performing the following steps:

– Configure the PLL for desired bus frequency.

– Program the reference divider (REFDIV[3:0] bits) to divide down oscillator frequency if
necessary.

– Enable the external oscillator (OSCE bit)

– Wait for oscillator to start up (UPOSC=1) and PLL to lock (LOCK=1)

• PLL Bypassed External (PBE)
— The Bus Clock is based on the Oscillator Clock (OSCCLK).

— The PLLCLK is always on to qualify the external oscillator clock. Therefore it is necessary to
make sure a valid PLL configuration is used for the selected oscillator frequency.

— This mode can be entered from default mode PEI by performing the following steps:

– Make sure the PLL configuration is valid for the selected oscillator frequency.
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4.4 Functional Description

4.4.1 Phase Locked Loop with Internal Filter (PLL)

The PLL is used to generate a high speed PLLCLK based on a low frequency REFCLK.

The REFCLK is by default the IRCCLK which is trimmed to fIRC1M_TRIM=1MHz.

If using the oscillator (OSCE=1) REFCLK will be based on OSCCLK. For increased flexibility, OSCCLK
can be divided in a range of 1 to 16 to generate the reference frequency REFCLK using the REFDIV[3:0]
bits. Based on the SYNDIV[5:0] bits the PLL generates the VCOCLK by multiplying the reference clock
by a 2, 4, 6,... 126, 128. Based on the POSTDIV[4:0] bits the VCOCLK can be divided in a range of 1,2,
3, 4, 5, 6,... to 32 to generate the PLLCLK.

.

NOTE
Although it is possible to set the dividers to command a very high clock
frequency, do not exceed the specified bus frequency limit for the MCU.

f
VCO

2 f
REF
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6.3.2.7 Debug State Control Registers

There is a dedicated control register for each of the state sequencer states 1 to 3 that determines if
transitions from that state are allowed, depending upon comparator matches or tag hits, and defines the
next state for the state sequencer following a match. The three debug state control registers are located at
the same address in the register address map (0x0027). Each register can be accessed using the COMRV
bits in DBGC1 to blend in the required register. The COMRV = 11 value blends in the match flag register
(DBGMFR).

Table 6-14. State Control Register Access Encoding

COMRV Visible State Control Register

00  DBGSCR1

01  DBGSCR2

10  DBGSCR3

11  DBGMFR
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of flow instruction, the trigger event is not stored in the Trace Buffer. If all trace buffer lines have been
used before a trigger event occurrs then the trace continues at the first line, overwriting the oldest entries.

6.4.5.2 Trace Modes

Four trace modes are available. The mode is selected using the TRCMOD bits in the DBGTCR register.
Tracing is enabled using the TSOURCE bit in the DBGTCR register. The modes are described in the
following subsections.

6.4.5.2.1 Normal Mode

In Normal Mode, change of flow (COF) program counter (PC) addresses are stored.

COF addresses are defined as follows:

• Source address of taken conditional branches (long, short, bit-conditional, and loop primitives)

• Destination address of indexed JMP, JSR, and CALL instruction

• Destination address of RTI, RTS, and RTC instructions

• Vector address of interrupts, except for BDM vectors

LBRA, BRA, BSR, BGND as well as non-indexed JMP, JSR, and CALL instructions are not classified as
change of flow and are not stored in the trace buffer.

Stored information includes the full 18-bit address bus and information bits, which contains a
source/destination bit to indicate whether the stored address was a source address or destination address.

NOTE
When a COF instruction with destination address is executed, the
destination address is stored to the trace buffer on instruction completion,
indicating the COF has taken place. If an interrupt occurs simultaneously
then the next instruction carried out is actually from the interrupt service
routine. The instruction at the destination address of the original program
flow gets executed after the interrupt service routine.

In the following example an IRQ interrupt occurs during execution of the
indexed JMP at address MARK1. The BRN at the destination (SUB_1) is
not executed until after the IRQ service routine but the destination address
is entered into the trace buffer to indicate that the indexed JMP COF has
taken place.

LDX #SUB_1
MARK1 JMP 0,X ; IRQ interrupt occurs during execution of this
MARK2 NOP ;

SUB_1 BRN * ; JMP Destination address TRACE BUFFER ENTRY 1
; RTI Destination address TRACE BUFFER ENTRY 3

NOP ;
ADDR1 DBNE A,PART5 ; Source address TRACE BUFFER ENTRY 4

IRQ_ISR LDAB #$F0 ; IRQ Vector $FFF2 = TRACE BUFFER ENTRY 2
STAB VAR_C1
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If the interrupt source is unknown (for example, in the case where an interrupt request becomes inactive
after the interrupt has been recognized, but prior to the CPU vector request), the vector address supplied
to the CPU will default to that of the spurious interrupt vector.

NOTE
Care must be taken to ensure that all interrupt requests remain active until
the system begins execution of the applicable service routine; otherwise, the
exception request may not get processed at all or the result may be a
spurious interrupt request (vector at address (vector base + 0x0080)).

7.4.3 Reset Exception Requests

The INT module supports three system reset exception request types (please refer to the Clock and Reset
generator module for details):

1. Pin reset, power-on reset or illegal address reset, low voltage reset (if applicable)

2. Clock monitor reset request

3. COP watchdog reset request

7.4.4 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the INT module upon
request by the CPU is shown in Table 7-4.

Table 7-4. Exception Vector Map and Priority

Vector Address1

1 16 bits vector address based

 Source

0xFFFE Pin reset, power-on reset, illegal address reset, low voltage reset (if applicable)

0xFFFC Clock monitor reset

0xFFFA COP watchdog reset

(Vector base + 0x00F8) Unimplemented opcode trap

(Vector base + 0x00F6) Software interrupt instruction (SWI) or BDM vector request

(Vector base + 0x00F4) X bit maskable interrupt request (XIRQ or D2D error interrupt)2

2 D2D error interrupt on MCUs featuring a D2D initiator module, otherwise XIRQ pin interrupt

(Vector base + 0x00F2) IRQ or D2D interrupt request3

3 D2D interrupt on MCUs featuring a D2D initiator module, otherwise IRQ pin interrupt

(Vector base + 0x00F0–0x0082) Device specific I bit maskable interrupt sources (priority determined by the low byte of the
vector address, in descending order)

(Vector base + 0x0080) Spurious interrupt



Analog-to-Digital Converter (ADC12B6CV2)

MC9S12VR Family Reference Manual, Rev. 2.8

Freescale Semiconductor 255

8.2 Signal Description
This section lists all inputs to the ADC12B6C block.

8.2.1 Detailed Signal Descriptions

8.2.1.1 ANx (x = 5, 4, 3, 2, 1, 0)

This pin serves as the analog input Channel x. It can also be configured as digital port or external trigger
for the ATD conversion.

8.2.1.2 ETRIG3, ETRIG2, ETRIG1, ETRIG0

These inputs can be configured to serve as an external trigger for the ATD conversion.

Refer to device specification for availability and connectivity of these inputs!

8.2.1.3 VRH, VRL

VRH is the high reference voltage, VRL is the low reference voltage for ATD conversion.

8.2.1.4 VDDA, VSSA

These pins are the power supplies for the analog circuitry of the ADC12B6C block.

8.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the ADC12B6C.

8.3.1 Module Memory Map

Figure 8-2 gives an overview on all ADC12B6C registers.

NOTE
Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module
level.

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

0x0000 ATDCTL0
R

Reserved
0 0 0

WRAP3 WRAP2 WRAP1 WRAP0
W

0x0001 ATDCTL1
R

ETRIGSEL SRES1 SRES0 SMP_DIS ETRIGCH3 ETRIGCH2 ETRIGCH1 ETRIGCH0
W

0x0002 ATDCTL2
R 0

AFFC Reserved ETRIGLE ETRIGP ETRIGE ASCIE ACMPIE
W

= Unimplemented or Reserved

Figure 8-2. ADC12B6C Register Summary (Sheet 1 of 2)
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8.3.2.4 ATD Control Register 3 (ATDCTL3)

Writes to this register will abort current conversion sequence.

Read: Anytime

Write: Anytime

 Module Base + 0x0003

7 6 5 4 3 2 1 0

R
DJM S8C S4C S2C S1C FIFO FRZ1 FRZ0

W

Reset 0 0 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-6. ATD Control Register 3 (ATDCTL3)

Table 8-8. ATDCTL3 Field Descriptions

Field Description

7
DJM

Result Register Data Justification — Result data format is always unsigned. This bit controls justification of
conversion data in the result registers.
0 Left justified data in the result registers.
1 Right justified data in the result registers.
Table 8-9 gives example ATD results for an input signal range between 0 and 5.12 Volts.

6–3
S8C, S4C,
S2C, S1C

Conversion Sequence Length — These bits control the number of conversions per sequence. Table 8-10
shows all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity
to HC12 family.

2
FIFO

Result Register FIFO Mode — If this bit is zero (non-FIFO mode), the A/D conversion results map into the result
registers based on the conversion sequence; the result of the first conversion appears in the first result register
(ATDDR0), the second result in the second result register (ATDDR1), and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or end of a conversion
sequence; sequential conversion results are placed in consecutive result registers. In a continuously scanning
conversion sequence, the result register counter will wrap around when it reaches the end of the result register
file. The conversion counter value (CC3-0 in ATDSTAT0) can be used to determine where in the result register
file, the current conversion result will be placed.

Aborting a conversion or starting a new conversion clears the conversion counter even if FIFO=1. So the first
result of a new conversion sequence, started by writing to ATDCTL5, will always be place in the first result register
(ATDDDR0). Intended usage of FIFO mode is continuos conversion (SCAN=1) or triggered conversion
(ETRIG=1).

Which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear mode
may be useful in a particular application to track valid data.

If this bit is one, automatic compare of result registers is always disabled, that is ADC12B6C will behave as if
ACMPIE and all CPME[n] were zero.
0 Conversion results are placed in the corresponding result register up to the selected sequence length.
1 Conversion results are placed in consecutive result registers (wrap around at end).

1–0
FRZ[1:0]

Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
ATD pause when a breakpoint (Freeze Mode) is encountered. These 2 bits determine how the ATD will respond
to a breakpoint as shown in Table 8-11. Leakage onto the storage node and comparator reference capacitors
may compromise the accuracy of an immediately frozen conversion depending on the length of the freeze period.
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10.3.2.3 SCI Alternative Status Register 1 (SCIASR1)

Read: Anytime, if AMAP = 1

Write: Anytime, if AMAP = 1

Module Base + 0x0000

7 6 5 4 3 2 1 0

R
RXEDGIF

0 0 0 0 BERRV
BERRIF BKDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-6. SCI Alternative Status Register 1 (SCIASR1)

Table 10-6. SCIASR1 Field Descriptions

Field Description

7
RXEDGIF

Receive Input Active Edge Interrupt Flag — RXEDGIF is asserted, if an active edge (falling if RXPOL = 0,
rising if RXPOL = 1) on the RXD input occurs. RXEDGIF bit is cleared by writing a “1” to it.
0 No active edge on the receive input has occurred
1 An active edge on the receive input has occurred

2
BERRV

Bit Error Value — BERRV reflects the state of the RXD input when the bit error detect circuitry is enabled and
a mismatch to the expected value happened. The value is only meaningful, if BERRIF = 1.
0 A low input was sampled, when a high was expected
1 A high input reassembled, when a low was expected

1
BERRIF

Bit Error Interrupt Flag — BERRIF is asserted, when the bit error detect circuitry is enabled and if the value
sampled at the RXD input does not match the transmitted value. If the BERRIE interrupt enable bit is set an
interrupt will be generated. The BERRIF bit is cleared by writing a “1” to it.
0 No mismatch detected
1 A mismatch has occurred

0
BKDIF

Break Detect Interrupt Flag — BKDIF is asserted, if the break detect circuitry is enabled and a break signal is
received. If the BKDIE interrupt enable bit is set an interrupt will be generated. The BKDIF bit is cleared by writing
a “1” to it.
0 No break signal was received
1 A break signal was received
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Table 11-4. SPICR2 Field Descriptions

Field Description

6
XFRW

Transfer Width — This bit is used for selecting the data transfer width. If 8-bit transfer width is selected, SPIDRL
becomes the dedicated data register and SPIDRH is unused. If 16-bit transfer width is selected, SPIDRH and
SPIDRL form a 16-bit data register. Please refer to Section 11.3.2.4, “SPI Status Register (SPISR) for
information about transmit/receive data handling and the interrupt flag clearing mechanism. In master mode, a
change of this bit will abort a transmission in progress and force the SPI system into idle state.
0 8-bit Transfer Width (n = 8)1

1 16-bit Transfer Width (n = 16)1

1 n is used later in this document as a placeholder for the selected transfer width.

4
MODFEN

Mode Fault Enable Bit — This bit allows the MODF failure to be detected. If the SPI is in master mode and
MODFEN is cleared, then the SS port pin is not used by the SPI. In slave mode, the SS is available only as an
input regardless of the value of MODFEN. For an overview on the impact of the MODFEN bit on the SS port pin
configuration, refer to Table 11-3. In master mode, a change of this bit will abort a transmission in progress and
force the SPI system into idle state.
0 SS port pin is not used by the SPI.
1 SS port pin with MODF feature.

3
BIDIROE

Output Enable in the Bidirectional Mode of Operation — This bit controls the MOSI and MISO output buffer
of the SPI, when in bidirectional mode of operation (SPC0 is set). In master mode, this bit controls the output
buffer of the MOSI port, in slave mode it controls the output buffer of the MISO port. In master mode, with SPC0
set, a change of this bit will abort a transmission in progress and force the SPI into idle state.
0 Output buffer disabled.
1 Output buffer enabled.

1
SPISWAI

SPI Stop in Wait Mode Bit — This bit is used for power conservation while in wait mode.
0 SPI clock operates normally in wait mode.
1 Stop SPI clock generation when in wait mode.

0
SPC0

Serial Pin Control Bit 0 — This bit enables bidirectional pin configurations as shown in Table 11-5. In master
mode, a change of this bit will abort a transmission in progress and force the SPI system into idle state.

Table 11-5. Bidirectional Pin Configurations

Pin Mode SPC0 BIDIROE MISO MOSI

Master Mode of Operation

Normal 0 X Master In Master Out

Bidirectional 1 0 MISO not used by SPI Master In

1 Master I/O

Slave Mode of Operation

Normal 0 X Slave Out Slave In

Bidirectional 1 0 Slave In MOSI not used by SPI

1 Slave I/O
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Table 11-9. SPIF Interrupt Flag Clearing Sequence

Table 11-10. SPTEF Interrupt Flag Clearing Sequence

5
SPTEF

SPI Transmit Empty Interrupt Flag — If set, this bit indicates that the transmit data register is empty. For
information about clearing this bit and placing data into the transmit data register, please refer to Table 11-10.
0 SPI data register not empty.
1 SPI data register empty.

4
MODF

Mode Fault Flag — This bit is set if the SS input becomes low while the SPI is configured as a master and mode
fault detection is enabled, MODFEN bit of SPICR2 register is set. Refer to MODFEN bit description in
Section 11.3.2.2, “SPI Control Register 2 (SPICR2)”. The flag is cleared automatically by a read of the SPI status
register (with MODF set) followed by a write to the SPI control register 1.
0 Mode fault has not occurred.
1 Mode fault has occurred.

XFRW Bit SPIF Interrupt Flag Clearing Sequence

0 Read SPISR with SPIF == 1 then Read SPIDRL

1 Read SPISR with SPIF == 1

then

Byte Read SPIDRL 1

1 Data in SPIDRH is lost in this case.

or

Byte Read SPIDRH 2

2 SPIDRH can be read repeatedly without any effect on SPIF. SPIF Flag is cleared only by the read
of SPIDRL after reading SPISR with SPIF == 1.

Byte Read SPIDRL

or

Word Read (SPIDRH:SPIDRL)

XFRW Bit SPTEF Interrupt Flag Clearing Sequence

0 Read SPISR with SPTEF == 1 then Write to SPIDRL 1

1 Any write to SPIDRH or SPIDRL with SPTEF == 0 is effectively ignored.

1 Read SPISR with SPTEF == 1

then

Byte Write to SPIDRL 12

2 Data in SPIDRH is undefined in this case.

or

Byte Write to SPIDRH 13

3 SPIDRH can be written repeatedly without any effect on SPTEF. SPTEF Flag is cleared only by
writing to SPIDRL after reading SPISR with SPTEF == 1.

Byte Write to SPIDRL 1

or

Word Write to (SPIDRH:SPIDRL) 1

Table 11-8. SPISR Field Descriptions (continued)

Field Description
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12.4.1 Prescaler

The prescaler divides the bus clock by 1, 2, 4, 8, 16, 32, 64 or 128. The prescaler select bits, PR[2:0], select
the prescaler divisor. PR[2:0] are in timer system control register 2 (TSCR2).

The prescaler divides the bus clock by a prescalar value. Prescaler select bits PR[2:0] of in timer system
control register 2 (TSCR2) are set to define a prescalar value that generates a divide by 1, 2, 4, 8, 16, 32,
64 and 128 when the PRNT bit in TSCR1 is disabled.

By enabling the PRNT bit of the TSCR1 register, the performance of the timer can be enhanced. In this
case, it is possible to set additional prescaler settings for the main timer counter in the present timer by
using PTPSR[7:0] bits of PTPSR register generating divide by 1, 2, 3, 4,....20, 21, 22, 23,......255, or 256.

12.4.2 Input Capture

Clearing the I/O (input/output) select bit, IOSx, configures channel x as an input capture channel. The
input capture function captures the time at which an external event occurs. When an active edge occurs on
the pin of an input capture channel, the timer transfers the value in the timer counter into the timer channel
registers, TCx.

The minimum pulse width for the input capture input is greater than two bus clocks.

An input capture on channel x sets the CxF flag. The CxI bit enables the CxF flag to generate interrupt
requests. Timer module or Pulse Accumulator must stay enabled (TEN bit of TSCR1 or PAEN bit of
PACTL register must be set to one) while clearing CxF (writing one to CxF).

12.4.3 Output Compare

Setting the I/O select bit, IOSx, configures channel x when available as an output compare channel. The
output compare function can generate a periodic pulse with a programmable polarity, duration, and
frequency. When the timer counter reaches the value in the channel registers of an output compare channel,
the timer can set, clear, or toggle the channel pin if the corresponding OCPDx bit is set to zero. An output
compare on channel x sets the CxF flag. The CxI bit enables the CxF flag to generate interrupt requests.
Timer module or Pulse Accumulator must stay enabled (TEN bit of TSCR1 or PAEN bit of PACTL register
must be set to one) while clearing CxF (writing one to CxF).

The output mode and level bits, OMx and OLx, select set, clear, toggle on output compare. Clearing both
OMx and OLx results in no output compare action on the output compare channel pin.

Setting a force output compare bit, FOCx, causes an output compare on channel x. A forced output
compare does not set the channel flag.

The following channel 7 feature is available only when channel 7 exists. A channel 7 event, which can be
a counter overflow when TTOV[7] is set or a successful output compare on channel 7, overrides output
compares on all other output compare channels. The output compare 7 mask register masks the bits in the
output compare 7 data register. The timer counter reset enable bit, TCRE, enables channel 7 output
compares to reset the timer counter. A channel 7 output compare can reset the timer counter even if the
IOC7 pin is being used as the pulse accumulator input.
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14.4 Functional Description

14.4.1 General

The LSDRV module provides two low-side drivers able to drive inductive loads (relays). The driver gate
can be controlled directly through register bits or alternatively by dedicated timer or PWM channels. See
PIM section for routing details.

Both drivers feature an open-load and over-current detection described in the following sub-sections. In
addition to this an active clamp (for driving relays) is protecting each driver stage. The active clamp will
turn on a low-side FET if the voltage on a pin exceeds VCLAMP when the gate is turned off.

14.4.2 Open-Load Detection

A “High-load resistance Open Load Detection” can be enabled for each driver by setting the corresponding
LSOLEx bit (refer to Section 14.3.4, “LSDRV Configuration Register (LSCR)”. This detection will only
be executed when the driver is enabled and it is not being driven (LSDRx = 0). That is because the
measurement point is between the load and the driver, and the current should not go through the driver. To
detect an open-load condition the voltage will be observed at the output from the driver. Then if the driving
pin LSx stays at low voltage which is approximately LSGND, there is no load for the corresponding
low-side driver.

An open-load condition is flagged with bits LSOL0 and LSOL1 in the LSDRV Status Register (LSSR).

14.4.3 Over-Current Detection

Each low-side driver has an over-current detection while enabled with a current threshold of ILIMLSX.

If over-current is detected the related interrupt flag (LSOCIF1 or LSOCIF0) is set in the LSDRV Interrupt
Flag Register (LSIF). As long as the over-current interrupt flag remains set the related low-side driver gate
is turned off to protect the circuit.

NOTE
Although the gate is turned off by the over-current detection, the open-load
detection might not be active. Open-load detection is only active if the
selected source (e.g. PWM, Timer, LSDRx) for the low-side driver is turned
off.

Clearing the related over-current interrupt flag returns back the control of the gate to the selected source
in the PIM module.

14.4.4 Interrupts

This section describes the interrupt generated by LSDRV module. The interrupt is only available in CPU
run mode. Entering and exiting CPU stop mode has no effect on the interrupt flags.

The LSDRV interrupt vector is named in Table 14-11. Vector addresses and interrupt priorities are defined
at MCU level.
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16.3.2.2 BATS Module Status Register (BATSR)

Figure 16-5. BATS Voltage Sensing

Module Base + 0x0001 Access: User read only1

1 Read: Anytime
Write: Never

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 BVHC BVLC

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented

Figure 16-4. BATS Module Status Register (BATSR)

Table 16-3. BATSR - Register Field Descriptions

Field Description

1
BVHC

BATS Voltage Sense High Condition Bit — This status bit indicates that a high voltage at VSENSE or VSUP,
depending on selection, is present.

0 Vmeasured < VHBI_A (rising edge) or Vmeasured < VHBI_D (falling edge)
1 Vmeasured ≥ VHBI_A (rising edge) or Vmeasured ≥ VHBI_D (falling edge)

0
BVLC

BATS Voltage Sense Low Condition Bit — This status bit indicates that a low voltage at VSENSE or VSUP,
depending on selection, is present.

0 Vmeasured ≥ VLBI_A (falling edge) or Vmeasured ≥ VLBI_D (rising edge)
1 Vmeasured < VLBI_A (falling edge) or Vmeasured < VLBI_D (rising edge)

t

V

VLBI_A

VLBI_D

VHBI_A
VHBI_D
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17.2 External Signal Description
The Flash module contains no signals that connect off-chip.

17.3 Memory Map and Registers
This section describes the memory map and registers for the Flash module. Read data from unimplemented
memory space in the Flash module is undefined. Write access to unimplemented or reserved memory space
in the Flash module will be ignored by the Flash module.

CAUTION
Writing to the Flash registers while a Flash command is executing (that is
indicated when the value of flag CCIF reads as ’0’) is not allowed. If such
action is attempted the write operation will not change the register value.

Writing to the Flash registers is allowed when the Flash is not busy
executing commands (CCIF = 1) and during initialization right after reset,
despite the value of flag CCIF in that case (refer to Section 17.6 for a
complete description of the reset sequence).

.

17.3.1 Module Memory Map

The S12 architecture places the P-Flash memory between global addresses 0x3_0000 and 0x3_FFFF as
shown in Table 17-2.The P-Flash memory map is shown in Figure 17-2.

Table 17-1. FTMRG Memory Map

Global Address (in Bytes) Size
(Bytes)

Description

0x0_0000 - 0x0_03FF
1,024

Register Space

0x0_0400 – 0x0_05FF 512 EEPROM Memory

0x0_4000 – 0x0_7FFF 16,284 NVMRES1=1 : NVM Resource area (see Figure 17-2)

1 See NVMRES description in Section 17.4.3
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All possible P-Flash protection scenarios are shown in Figure 17-12 Although the protection scheme is
loaded from the Flash memory at global address 0x3_FF0C during the reset sequence, it can be changed

Table 17-19. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size

00 0x3_8000–0x3_83FF 1 Kbyte

01 0x3_8000–0x3_87FF 2 Kbytes

10 0x3_8000–0x3_8FFF 4 Kbytes

11 0x3_8000–0x3_9FFF 8 Kbytes
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Appendix G
LINPHY Electrical Specifications

G.1 Maximum Ratings
Table G-1. Maximum ratings of the LINPHY

G.2 Static Electrical Characteristics
Table G-2. Static electrical characteristics of the LINPHY

Characteristics noted under conditions 7V ≤ VSUP ≤ 18 V, -40˚C ≤ TJ ≤ 150˚C unless otherwise noted1. Typical values noted
reflect the approximate parameter mean at TA = 25˚C under nominal conditions unless otherwise noted.

1For 3.5V<=VSUP<7V, the LINPHY is still working but with degraded parametrics.

Num C Ratings Symbol Value Unit

1 C DC voltage on LIN VBUS -32 to +40 V

2 D Continuous current on LIN ILIN  2002

2The current on the LIN pin is internally limited. Therefore, it should not be possible to reach the 200mA anyway.

mA

Characteristics noted under conditions 7V ≤ VSUP ≤ 18 V, -40˚C ≤ TJ ≤ 150˚C unless otherwise noted1. Typical values noted
reflect the approximate parameter mean at TA = 25˚C under nominal conditions unless otherwise noted.

Num C Ratings Symbol Min Typ Max Unit

1 C VSUP range for LIN compliant electrical
characteristics

VSUP_LIN 71 12 18 V

2 T VSUP range within which the device is working without
LIN compliant electrical characteristics

VSUP_NO_LIN 3.5 to 7
and

18 to 27

V

3 T VSUP range within which the device is not destroyed VSUP_NO_DES -32 40 V

4 Current consumption, recessive state (VSUP=12V,
VDDX = 5V, VDDA = 5V, VDD = 1.8V, Tj = 25 C)

D on chip VSUP 3.7 µA

D on VDDX 812 µA

D on VDDA 28 µA

D on VDD 0 µA

5 Current consumption, dominant state (VSUP=12V,
VDDX = 5V, VDDA = 5V, VDD = 1.8V, Tj = 25 C)

D on chip VSUP 376 µA

D on VDDX 979 µA

D on VDDA 28 µA

D on VDD 0 µA
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Appendix H
LSDRV Electrical Specifications
This section provides electrical parametric and ratings for the LSDRV.

H.1 Static Characteristics

Table H-1. Static Characteristics - LSDRV

Characteristics noted under conditions 6V ≤ VSUP ≤ 18 V, -40˚C ≤ TJ ≤ 150˚C1 unless otherwise noted. Typical values noted
reflect the approximate parameter mean at TA = 25˚C2 under nominal conditions unless otherwise noted.

Num C Ratings Symbol Min Typ Max Unit

1 P VSUP range for LSDRV compliant electrical
characteristics

VSUP 6 12 18 V

2 C VSUP range within which the device is working without
LSDRV compliant electrical characteristics

VSUP 3.5 to 6
and

18 to 27

V

3 P Output Drain-to-Source On Resistance
TJ = 25˚C, IPLS0/1 = 150 mA
TJ = 150˚C, IPLS0/1 = 150 mA

RDS(ON)
–
–

2.3
–

–
4.5

Ω

4 P Output Over-Current Threshold
The threashold is valid for each LS-driver output.

Note:
The low-side driver is NOT intended to switch
capacitive loads. A significant capacitive load
on PLS0/1 would induce a current when the
low-side driver gate is turned on. This current
will be sensed by the over-current circuitry
and eventually lead to an immediate
over-current shut down.

ILIMLSX 160 270 350 mA

5 D Nominal Current for continuous operation.
This value is valid for each LS-driver output.

INOMLSX – – 150 mA

5 D Settling time after the low-side driver is enabled (write
LSEx Bits)

tLS_settling 1 – µs

7 P High-Load Resistance Open-Load Detection Current
(if low-side driver is enabled and gate turned off)

IHLROLDC 28 40 52 µA

8 C Leakage Current -40˚C < TJ < 80˚C
Open Load Detection disabled.

ILEAK_L – – 1 µA
µA

9 P Leakage Current -40˚C < TJ< 150˚C
Open Load Detection disabled.

ILEAK_H – – 10 µA
µA
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0x00283 DBGCCTL
R 0 0

TAG BRK RW RWE
0

COMPE
W

0x0029 DBGXAH
R 0 0 0 0 0 0

Bit17 Bit 16
W

0x002A DBGXAM
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002B DBGXAL
R

Bit 7  6 5 4 3 2 1 Bit 0
W

0x002C DBGADH
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002D DBGADL
R

Bit 7 6 5 4 3 2 1 Bit 0
W

0x002E DBGADHM
R

Bit 15 14 13 12 11 10 9 Bit 8
W

0x002F DBGADLM
R

Bit 7 6 5 4 3 2 1 Bit 0
W

1 This represents the contents if the Comparator A or C control register is blended into this address
2 This represents the contents if the Comparator B or D control register is blended into this address
3 This represents the contents if the Comparator B or D control register is blended into this address

0x0030-0x0033 Reserved

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

0x0030 Reserved
R 0 0 0 0 0 0 0 0
W

0x0031 Reserved
R 0 0 0 0 0 0 0 0
W

0x0032 Reserved
R 0 0 0 0 0 0 0 0
W

0x0033 Reserved
R 0 0 0 0 0 0 0 0
W

0x0034-0x003F Clock Reset and Power Management (CPMU) Map

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

0x0034 CPMUSYNR
R

VCOFRQ[1:0] SYNDIV[5:0]
W

0x0035 CPMUREFDIV
R

REFFRQ[1:0]
0 0

REFDIV[3:0]
W

0x0036
CPMUPOSTDI

V
R 0 0 0

POSTDIV[4:0]
W

0x0037 CPMUFLG
R

RTIF PORF LVRF LOCKIF
LOCK

ILAF OSCIF
UPOSC

W

0x0020-0x002F Debug Module (S12SDBG) Map

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


