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Chapter 1 MC9S12KT256 Device Overview (MC9S12KT256V1)
map. ROMON = 1 mean the Flash is visible in the memory map. The state of the ROMCTL pin is latched
into the ROMON bit in the MISC register on the rising edge of the reset signal.

For further explanation on the modes refer to the HCS12 MEBI block description chapter.

Table 1-9. Mode Selection

BKGD =
MODC

PE6 =
MODB

PE5 =
MODA

PK7 =
ROMCTL

ROMON
Bit

Mode Description

0 0 0 X 1 Special Single Chip, BDM allowed and ACTIVE. BDM is
allowed in all other modes but a serial command is
required to make BDM active.

0 0 1 0 1 Emulation Expanded Narrow, BDM allowed

1 0

0 1 0 X 0 Special Test (Expanded Wide), BDM allowed

0 1 1 0 1 Emulation Expanded Wide, BDM allowed

1 0

1 0 0 X 1 Normal Single Chip, BDM allowed

1 0 1 0 0 Normal Expanded Narrow, BDM allowed

1 1

1 1 0 X 1 Peripheral; BDM allowed but bus operations would cause
bus conflicts (must not be used)

1 1 1 0 0 Normal Expanded Wide, BDM allowed

1 1

Table 1-10. Clock Selection Based on PE7

PE7 = XCLKS Description

1 Loop Controlled Pierce Oscillator selected

0 Full Swing Pierce Oscillator or external clock selected

Table 1-11. Voltage Regulator VREGEN

VREGEN Description

1 Internal Voltage Regulator enabled

0 Internal Voltage Regulator disabled, VDD1,2 and
VDDPLL must be supplied externally with 2.5V
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 3 256 Kbyte ECC Flash Module (S12FTS256K2ECCV2)
the protection field location during the reset sequence, the FPOPEN bit will be cleared and remaining bits
in the FPROT register will be set to leave the Flash block fully protected.

Trying to alter data in any of the protected areas in the Flash block will result in a protection violation error
and the PVIOL flag will be set in the FSTAT register. A mass erase of the Flash block is not possible if
any of the contained Flash sectors are protected.

Table 3-11. Reset Loading of FPROT

Flash Address Protection Byte for

0xFF0D Flash Block 0

0xFF0C Flash Block 1

Table 3-12. FPROT Field Descriptions

Field Description

7
FPOPEN

Protection Function Bit — The FPOPEN bit determines the protection function for program or erase as shown
in Table 3-13.
0 FPHDIS and FPLDIS bits define unprotected address ranges as specified by the corresponding FPHS[1:0]

and FPLS[1:0] bits. For an MCU without an EEPROM module, the FPOPEN clear state allows the main part
of the Flash block to be protected while a small address range can remain unprotected for EEPROM
emulation.

1 FPHDIS and FPLDIS bits enable protection for the address range specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits.

6
RNV[6]

Reserved Nonvolatile Bit — The RNV[6] bit must remain in the erased state 1 for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in the higher address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4:3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
area as shown in Table 3-14. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.

2
FPLDIS

Flash Protection Lower address range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in the lower address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1:0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS[1:0] bits determine the size of the protected/unprotected
area as shown in Table 3-15. The FPLS[1:0] bits can only be written to while the FPLDIS bit is set.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 3 256 Kbyte ECC Flash Module (S12FTS256K2ECCV2)
3.4.1.3.6 Sector Erase Abort Command

The sector erase abort command is used to terminate the sector erase operation so that other sectors in the
Flash block are available for read and program operations without waiting for the sector erase operation
to complete. If the sector erase abort command is launched resulting in the early termination of an active
sector erase operation, the ACCERR flag will set after the operation completes as indicated by the CCIF
flag being set. The ACCERR flag sets to inform the user that the sector may not be fully erased and a new
sector erase command must be launched before programming any location in that specific sector. If the
sector erase abort command is launched but the active sector erase operation completes normally, the
ACCERR flag will not set upon completion of the operation as indicated by the CCIF flag being set.
Therefore, if the ACCERR flag is not set after the sector erase abort command has completed, the sector
being erased when the abort command was launched is fully erased. The maximum number of cycles
required to abort a sector erase operation is equal to four FCLK periods (see Section 3.4.1.1, “Writing the
FCLKDIV Register”) plus five bus cycles as measured from the time the CBEIF flag is cleared until the
CCIF flag is set.

NOTE
Since the ACCERR bit in the FSTAT register may be set at the completion
of the sector erase abort operation, a command write sequence is not
allowed to be buffered behind a sector erase abort command write sequence.
The CBEIF flag will not set after launching the sector erase abort command
to indicate that a command must not be buffered behind it. If an attempt is
made to start a new command write sequence with a sector erase abort
operation active, the ACCERR flag in the FSTAT register will be set. A new
command write sequence may be started after clearing the ACCERR flag, if
set.

NOTE
The sector erase abort command must be used sparingly because a sector
erase operation that is aborted counts as a complete program/erase cycle.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 5 Port Integration Module (PIM9KT256V1)
5.3.3.5 Port M Pull Device Enable Register (PERM)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
wired-OR output. This bit has no effect if the port is used as push-pull output. Out of reset no pull device
is enabled.

5.3.3.6 Port M Polarity Select Register (PPSM)

Read: Anytime. Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin. If CAN is active a
pull-up device can be activated on the receiver inputs, but not a pull-down.

 Module Base + 0x0014

7 6 5 4 3 2 1 0

R
PERM7 PERM6 PERM5 PERM4 PERM3 PERM2 PERM1 PERM0

W

Reset 0 0 0 0 0 0 0 0

Figure 5-19. Port M Pull Device Enable Register (PERM)

Table 5-14. PERM Field Descriptions

Field Description

7–0
PERM[7:0]

Pull Device Enable Port M
0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.

 Module Base + 0x0015

7 6 5 4 3 2 1 0

R
PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSM0

W

Reset 0 0 0 0 0 0 0 0

Figure 5-20. Port M Polarity Select Register (PPSM)

Table 5-15. PPSM Field Descriptions

Field Description

7–0
PPSM[7:0]

Pull Select Port M
0 A pull-up device is connected to the associated port M pin, if enabled by the associated bit in register PERM

and if the port is used as general purpose, RXCAN input.
1 A pull-down device is connected to the associated port M pin, if enabled by the associated bit in register PERM

and if the port is used as a general purpose but not as RXCAN.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 5 Port Integration Module (PIM9KT256V1)
5.3.4.6 Port P Polarity Select Register (PPSP)

Read: Anytime. Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

5.3.4.7 Port P Interrupt Enable Register (PIEP)

Read: Anytime. Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port P.

 Module Base + 0x001D

7 6 5 4 3 2 1 0

R
PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSP0

W

Reset 0 0 0 0 0 0 0 0

Figure 5-28. Port P Polarity Select Register (PPSP)

Table 5-27. PPSP Field Descriptions

Field Description

7–0
PPSP[7:0]

Polarity Select Port P
0 Falling edge on the associated port P pin sets the associated flag bit in the PIFP register.A pull-up device is

connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is used
as input.

1 Rising edge on the associated port P pin sets the associated flag bit in the PIFP register.A pull-down device
is connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is
used as input.

 Module Base + 0x001E

7 6 5 4 3 2 1 0

R
PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEP0

W

Reset 0 0 0 0 0 0 0 0

Figure 5-29. Port P Interrupt Enable Register (PIEP)

Table 5-28. PIEP Field Descriptions

Field Description

7–0
PIEP[7:0]

Interrupt Enable Port P
0 Interrupt is disabled (interrupt flag masked).
1 Interrupt is enabled.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 5 Port Integration Module (PIM9KT256V1)
5.3.5 Port H Registers

Port H is associated with two serial peripheral interfaces (SPI1, SPI2). Each pin is assigned to these
modules according to the following priority: SPI2/SP1 > general-purpose I/O.

When SPI2 is enabled, the respective pin configuration for PH[7:4] is determined by several status bits in
the SPI2 module. When SPI1 is enabled, the respective pin configuration for PH[3:0] is determined by
several status bits in the SPI1 module. Refer to the SPI block description chapter for information on
enabling and disabling the SPI. The SPI1 and SPI2 pins can be re-routed. Refer to Section 5.3.3.8,
“Module Routing Register (MODRR)”.

During reset, port H pins are configured as high-impedance inputs.

5.3.5.1 Port H I/O Register (PTH)

Read: Anytime. Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The SPI function takes precedence over the general purpose I/O if enabled..

5.3.5.2 Port H Input Register (PTIH)

Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.

 Module Base + 0x0020

7 6 5 4 3 2 1 0

R
PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTH0

W

SPI SS2 SCK2 MOSI2 MISO2 SS1 SCK1 MOSI1 MISO1

Reset 0 0 0 0 0 0 0 0

Figure 5-31. Port H I/O Register (PTH)

 Module Base + 0x0021

7 6 5 4 3 2 1 0

R PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIH0

W

Reset u u u u u u u u

= Reserved or Unimplemented u = Unaffected by reset

Figure 5-32. Port H Input Register (PTIH)
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 8 Analog-to-Digital Converter (S12ATD10B8CV3)
8.4.2.3 Low Power Modes

The ATD can be configured for lower MCU power consumption in 3 different ways:

1. Stop mode: This halts A/D conversion. Exit from stop mode will resume A/D conversion, but due
to the recovery time the result of this conversion should be ignored.

2. Wait mode with AWAI = 1: This halts A/D conversion. Exit from wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.

3. Writing ADPU = 0 (Note that all ATD registers remain accessible.): This aborts any A/D
conversion in progress.

Note that the reset value for the ADPU bit is zero. Therefore, when this module is reset, it is reset into the
power down state.

8.5 Initialization/Application Information

8.5.1 Setting up and starting an A/D conversion

The following describes a typical setup procedure for starting A/D conversions. It is highly recommended
to follow this procedure to avoid common mistakes.

Each step of the procedure will have a general remark and a typical example

8.5.1.1 Step 1

Power up the ATD and concurrently define other settings in ATDCTL2
Example: Write to ATDCTL2: ADPU=1 -> powers up the ATD, ASCIE=1 enable interrupt on finish of a
conversion sequence.

8.5.1.2 Step 2

Wait for the ATD Recovery Time tREC before you proceed with Step 3.

Example: Use the CPU in a branch loop to wait for a defined number of bus clocks.

8.5.1.3 Step 3

Configure how many conversions you want to perform in one sequence and define other settings in
ATDCTL3.

Example: Write S4C=1 to do 4 conversions per sequence.

8.5.1.4 Step 4

Configure resolution, sampling time and ATD clock speed in ATDCTL4.

Example: Use default for resolution and sampling time by leaving SRES8, SMP1 and SMP0 clear. For a
bus clock of 40MHz write 9 to PR4-0, this gives an ATD clock of 0.5*40MHz/(9+1) = 2MHz which is
within the allowed range for fATDCLK.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV2)
10.3.2.4 MSCAN Bus Timing Register 1 (CANBTR1)

The CANBTR1 register configures various CAN bus timing parameters of the MSCAN module.

Read: Anytime
Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1)

Module Base + 0x0003

7 6 5 4 3 2 1 0

R
SAMP TSEG22 TSEG21 TSEG20 TSEG13 TSEG12 TSEG11 TSEG10

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-7. MSCAN Bus Timing Register 1 (CANBTR1)

Table 10-6. CANBTR1 Register Field Descriptions

Field Description

7
SAMP

Sampling — This bit determines the number of CAN bus samples taken per bit time.
0 One sample per bit.
1 Three samples per bit1.
If SAMP = 0, the resulting bit value is equal to the value of the single bit positioned at the sample point. If
SAMP = 1, the resulting bit value is determined by using majority rule on the three total samples. For higher bit
rates, it is recommended that only one sample is taken per bit time (SAMP = 0).

1 In this case, PHASE_SEG1 must be at least 2 time quanta (Tq).

6:4
TSEG2[2:0]

Time Segment 2 — Time segments within the bit time fix the number of clock cycles per bit time and the location
of the sample point (see Figure 10-43). Time segment 2 (TSEG2) values are programmable as shown in
Table 10-7.

3:0
TSEG1[3:0]

Time Segment 1 — Time segments within the bit time fix the number of clock cycles per bit time and the location
of the sample point (see Figure 10-43). Time segment 1 (TSEG1) values are programmable as shown in
Table 10-8.

Table 10-7. Time Segment 2 Values

TSEG22 TSEG21 TSEG20 Time Segment 2

0 0 0 1 Tq clock cycle1

1 This setting is not valid. Please refer to Table 10-34 for valid settings.

0 0 1 2 Tq clock cycles

: : : :

1 1 0 7 Tq clock cycles

1 1 1 8 Tq clock cycles
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV2)
10.3.2.11 MSCAN Transmit Buffer Selection Register (CANTBSEL)

The CANTBSEL register allows the selection of the actual transmit message buffer, which then will be
accessible in the CANTXFG register space.

NOTE
The CANTBSEL register is held in the reset state when the initialization
mode is active (INITRQ = 1 and INITAK=1). This register is writable when
not in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Find the lowest ordered bit set to 1, all other bits will be read as 0
Write: Anytime when not in initialization mode

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

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

• LDD CANTFLG; value read is 0b0000_0110

• STD CANTBSEL; value written is 0b0000_0110

• LDD CANTBSEL; value read is 0b0000_0010

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

Module Base + 0x000A

7 6 5 4 3 2 1 0

R 0 0 0 0 0
TX2 TX1 TX0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 10-14. MSCAN Transmit Buffer Selection Register (CANTBSEL)

Table 10-15. CANTBSEL Register Field Descriptions

Field Description

2:0
TX[2:0]

Transmit Buffer Select — The lowest numbered bit places the respective transmit buffer in the CANTXFG
register space (e.g., TX1 = 1 and TX0 = 1 selects transmit buffer TX0; TX1 = 1 and TX0 = 0 selects transmit
buffer TX1). Read and write accesses to the selected transmit buffer will be blocked, if the corresponding TXEx
bit is cleared and the buffer is scheduled for transmission (see Section 10.3.2.7, “MSCAN Transmitter Flag
Register (CANTFLG)”).
0 The associated message buffer is deselected
1 The associated message buffer is selected, if lowest numbered bit
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 13 Pulse-Width Modulator (S12PWM8B8CV1)
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.

Figure 13-20.  PWM Left Aligned Output Waveform

To calculate the output frequency in left aligned output mode for a particular channel, take the selected
clock source frequency for the channel (A, B, SA, or SB) and divide it by the value in the period register
for that channel.

• PWMx Frequency = Clock (A, B, SA, or SB) / PWMPERx

• PWMx Duty Cycle (high time as a% of period):

— Polarity = 0 (PPOLx = 0)

• Duty Cycle = [(PWMPERx-PWMDTYx)/PWMPERx] * 100%

— Polarity = 1 (PPOLx = 1)

Duty Cycle = [PWMDTYx / PWMPERx] * 100%

As an example of a left aligned output, consider the following case:

Clock Source = E, where E = 10 MHz (100 ns period)

PPOLx = 0

PWMPERx = 4

PWMDTYx = 1

PWMx Frequency = 10 MHz/4 = 2.5 MHz

PWMx Period = 400 ns

PWMx Duty Cycle = 3/4 *100% = 75%

The output waveform generated is shown in Figure 13-21.

PWMDTYx

Period = PWMPERx

PPOLx = 0

PPOLx = 1
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 14 Timer Module (TIM16B8CV1) Block Description
14.2.6 IOC2 — Input Capture and Output Compare Channel 2 Pin

This pin serves as input capture or output compare for channel 2.

14.2.7 IOC1 — Input Capture and Output Compare Channel 1 Pin

This pin serves as input capture or output compare for channel 1.

14.2.8 IOC0 — Input Capture and Output Compare Channel 0 Pin

This pin serves as input capture or output compare for channel 0.

NOTE
 For the description of interrupts see Section 14.6, “Interrupts”.

14.3 Memory Map and Register Definition
This section provides a detailed description of all memory and registers.

14.3.1 Module Memory Map

The memory map for the TIM16B8CV1 module is given below in Table 14-2. The address listed for each
register is the address offset. The total address for each register is the sum of the base address for the
TIM16B8CV1 module and the address offset for each register.
MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 14 Timer Module (TIM16B8CV1) Block Description
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

Write: Has no meaning or effect in the normal mode; only writable in special modes (test_mode = 1).

The period of the first count after a write to the TCNT registers may be a different size because the write
is not synchronized with the prescaler clock.

14.3.2.6 Timer System Control Register 1 (TSCR1)

Read: Anytime

Write: Anytime

Module Base + 0x0006

7 6 5 4 3 2 1 0

R
TEN TSWAI TSFRZ TFFCA

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-12. Timer System Control Register 1 (TSCR1)

Table 14-7. TSCR1 Field Descriptions

Field Description

7
TEN

Timer Enable
0 Disables the main timer, including the counter. Can be used for reducing power consumption.
1 Allows the timer to function normally.
If for any reason the timer is not active, there is no ÷64 clock for the pulse accumulator because the ÷64 is
generated by the timer prescaler.

6
TSWAI

Timer Module Stops While in Wait
0 Allows the timer module to continue running during wait.
1 Disables the timer module when the MCU is in the wait mode. Timer interrupts cannot be used to get the MCU

out of wait.
TSWAI also affects pulse accumulator.
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Chapter 16 Background Debug Module (BDMV4) Block Description
The BDM hardware commands are listed in Table 16-5.

NOTE:
If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

The READ_BD and WRITE_BD commands allow access to the BDM register locations. These locations
are not normally in the system memory map but share addresses with the application in memory. To
distinguish between physical memory locations that share the same address, BDM memory resources are
enabled just for the READ_BD and WRITE_BD access cycle. This allows the BDM to access BDM
locations unobtrusively, even if the addresses conflict with the application memory map.

16.4.4 Standard BDM Firmware Commands

Firmware commands are used to access and manipulate CPU resources. The system must be in active
BDM to execute standard BDM firmware commands, see Section 16.4.2, “Enabling and Activating
BDM.” Normal instruction execution is suspended while the CPU executes the firmware located in the
standard BDM firmware lookup table. The hardware command BACKGROUND is the usual way to
activate BDM.

As the system enters active BDM, the standard BDM firmware lookup table and BDM registers become
visible in the on-chip memory map at 0xFF00–0xFFFF, and the CPU begins executing the standard BDM

Table 16-5. Hardware Commands

Command
Opcode
 (hex)

Data Description

BACKGROUND 90 None Enter background mode if firmware is enabled. If enabled, an ACK will
be issued when the part enters active background mode.

ACK_ENABLE D5 None Enable handshake. Issues an ACK pulse after the command is
executed.

ACK_DISABLE D6 None Disable handshake. This command does not issue an ACK pulse.

READ_BD_BYTE E4 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table in map.
Odd address data on low byte; even address data on high byte.

READ_BD_WORD EC 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table in map.
Must be aligned access.

READ_BYTE E0 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table out of
map. Odd address data on low byte; even address data on high byte.

READ_WORD E8 16-bit address
16-bit data out

Read from memory with standard BDM firmware lookup table out of
map. Must be aligned access.

WRITE_BD_BYTE C4 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table in map. Odd
address data on low byte; even address data on high byte.

WRITE_BD_WORD CC 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table in map. Must
be aligned access.

WRITE_BYTE C0 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table out of map.
Odd address data on low byte; even address data on high byte.

WRITE_WORD C8 16-bit address
16-bit data in

Write to memory with standard BDM firmware lookup table out of map.
Must be aligned access.
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Chapter 16 Background Debug Module (BDMV4) Block Description
Figure 16-6. BDM Command Structure

16.4.6 BDM Serial Interface

The BDM communicates with external devices serially via the BKGD pin. During reset, this pin is a mode
select input which selects between normal and special modes of operation. After reset, this pin becomes
the dedicated serial interface pin for the BDM.

The BDM serial interface is timed using the clock selected by the CLKSW bit in the status register see
Section 16.3.2.1, “BDM Status Register (BDMSTS).” This clock will be referred to as the target clock in
the following explanation.

The BDM serial interface uses a clocking scheme in which the external host generates a falling edge on
the BKGD pin to indicate the start of each bit time. This falling edge is sent for every bit whether data is
transmitted or received. Data is transferred most significant bit (MSB) first at 16 target clock cycles per
bit. The interface times out if 512 clock cycles occur between falling edges from the host.

The BKGD pin is a pseudo open-drain pin and has an weak on-chip active pull-up that is enabled at all
times. It is assumed that there is an external pull-up and that drivers connected to BKGD do not typically
drive the high level. Because R-C rise time could be unacceptably long, the target system and host provide
brief driven-high (speedup) pulses to drive BKGD to a logic 1. The source of this speedup pulse is the host
for transmit cases and the target for receive cases.

The timing for host-to-target is shown in Figure 16-7 and that of target-to-host in Figure 16-8 and
Figure 16-9. All four cases begin when the host drives the BKGD pin low to generate a falling edge.
Because the host and target are operating from separate clocks, it can take the target system up to one full
clock cycle to recognize this edge. The target measures delays from this perceived start of the bit time
while the host measures delays from the point it actually drove BKGD low to start the bit up to one target
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Chapter 17 Debug Module (DBGV1) Block Description
Figure 17-1. DBG Block Diagram in BKP Mode
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Chapter 18 Interrupt (INTV1) Block Description
18.2 External Signal Description
Most interfacing with the interrupt sub-block is done within the core. However, the interrupt does receive
direct input from the multiplexed external bus interface (MEBI) sub-block of the core for the IRQ and
XIRQ pin data.

18.3 Memory Map and Register Definition
Detailed descriptions of the registers and associated bits are given in the subsections that follow.

18.3.1 Module Memory Map

18.3.2 Register Descriptions

18.3.2.1 Interrupt Test Control Register

Read: See individual bit descriptions

Write: See individual bit descriptions

Table 18-1. INT Memory Map

Address
Offset

Use Access

0x0015 Interrupt Test Control Register (ITCR) R/W

0x0016 Interrupt Test Registers (ITEST) R/W

0x001F Highest Priority Interrupt (Optional) (HPRIO) R/W

Module Base + 0x0015
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0

R 0 0 0
WRTINT ADR3 ADR2 ADR1 ADR0

W

Reset 0 0 0 0 1 1 1 1

= Unimplemented or Reserved

Figure 18-2. Interrupt Test Control Register (ITCR)
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Chapter 19 Multiplexed External Bus Interface (MEBIV3)
mode. Background debugging should not be used while the MCU is in special peripheral mode as internal
bus conflicts between BDM and the external master can cause improper operation of both functions.

19.4.4 Internal Visibility

Internal visibility is available when the MCU is operating in expanded wide modes or emulation narrow
mode. It is not available in single-chip, peripheral or normal expanded narrow modes. Internal visibility is
enabled by setting the IVIS bit in the MODE register.

If an internal access is made while E, R/W, and LSTRB are configured as bus control outputs and internal
visibility is off (IVIS=0), E will remain low for the cycle, R/W will remain high, and address, data and the
LSTRB pins will remain at their previous state.

When internal visibility is enabled (IVIS=1), certain internal cycles will be blocked from going external.
During cycles when the BDM is selected, R/W will remain high, data will maintain its previous state, and
address and LSTRB pins will be updated with the internal value. During CPU no access cycles when the
BDM is not driving, R/W will remain high, and address, data and the LSTRB pins will remain at their
previous state.

NOTE
When the system is operating in a secure mode, internal visibility is not
available (i.e., IVIS = 1 has no effect). Also, the IPIPE signals will not be
visible, regardless of operating mode. IPIPE1–IPIPE0 will display 0es if
they are enabled. In addition, the MOD bits in the MODE control register
cannot be written.

19.4.5 Low-Power Options

The MEBI does not contain any user-controlled options for reducing power consumption. The operation
of the MEBI in low-power modes is discussed in the following subsections.

19.4.5.1 Operation in Run Mode

The MEBI does not contain any options for reducing power in run mode; however, the external addresses
are conditioned to reduce power in single-chip modes. Expanded bus modes will increase power
consumption.

19.4.5.2 Operation in Wait Mode

The MEBI does not contain any options for reducing power in wait mode.

19.4.5.3 Operation in Stop Mode

The MEBI will cease to function after execution of a CPU STOP instruction.
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Appendix A Electrical Characteristics
A.5.2  Factors Influencing Accuracy

Three factors — source resistance, source capacitance and current injection — have an influence on the
accuracy of the ATD.

A.5.2.1 Source Resistance

Due to the input pin leakage current as specified in Table A-6 and Table A-7 in conjunction with the source
resistance there will be a voltage drop from the signal source to the ATD input. The maximum source
resistance RS specifies results in an error of less than 1/2 LSB (2.5mV) at the maximum leakage current.
If device or operating conditions are less than worst case or leakage-induced error is acceptable, larger
values of source resistance are allowed.

A.5.2.2 Source Capacitance

When sampling an additional internal capacitor is switched to the input. This can cause a voltage drop due
to charge sharing with the external and the pin capacitance. For a maximum sampling error of the input
voltage ≤ 1LSB, then the external filter capacitor, Cf ≥ 1024 * (CINS–CINN).

Table A-12. 3.3V ATD Operating Characteristics

Conditions are shown in Table A-4 unless otherwise noted; Supply Voltage 3.3V-10% <= VDDA <= 3.3V+10%

Num C Rating Symbol Min Typ Max Unit

1 D Reference Potential
Low
High

VRL
VRH

VSSA
VDDA/2

—
—

VDDA/2
VDDA

V
V

2 C Differential Reference Voltage VRH–VRL 3.0 3.3 3.6 V

3 D ATD Clock Frequency fATDCLK 0.5 — 2.0 MHz

4 D ATD 10-Bit Conversion Period
Clock Cycles1

Conv, Time at 2.0MHz ATD Clock fATDCLK
Conv, Time at 4.0MHz2 ATD Clock fATDCLK

1 The minimum time assumes a final sample period of 2 ATD clocks cycles while the maximum time assumes a final sample
period of 16 ATD clocks.

2 Reduced accuracy see Table A-14 and Table A-15.

NCONV10
TCONV10
TCONV10

14
7

3.5

—
—
—

28
14
7

Cycles
µs
µs

5 D ATD 8-Bit Conversion Period
Clock Cycles1

Conv, Time at 2.0MHz ATD Clock fATDCLK

NCONV8
TCONV8

12
6

—
—

26
13

Cycles
µs

6 D Recovery Time (VDDA=3.3 Volts) tREC — — 20 µs

7 P Reference Supply current (two ATD modules) IREF — — 0.500 mA

8 P Reference Supply current (one ATD module) IREF — — 0.250 mA
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Appendix A Electrical Characteristics
The relative deviation of tnom is at its maximum for one clock period, and decreases towards zero for larger
number of clock periods (N).
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