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Chapter 2 256 Kbyte ECC Flash Module (S12FTS256K2ECCV1)

START

ALL COMMANDS IMPOSSIBLE

YES

PRDIV8=0 (reset)

OSCILLATOR
CLOCK
> 12.8 MHZ?

PRDIV8=1 .
PRDCLK=oscillator_clock/g | |[PRDCLK=oscillator_clock

- |

NO

PRDCLK[MHZz]*(5+Tbus[us])
an integer?

Y

FDIV[5:0]=INT(PRDCLK[MHz]*(5+Tbus[us]))

FDIV[5:0]=PRDCLK[MHZz]*(5+Tbus[us])-1

<

TRY TO DECREASE Tbus

FCLK=(PRDCLK)/(1+FDIV[5:0])

A

1/FCLK[MHZz] + Tbus[us] > 5 vES
AND Hel=

FCLK > g.15 MHz

END

YES

FDIV[5:0] > 4?

ALL COMMANDS IMPOSSIBLE

Figure 2-23. Determination Procedure for PRDIV8 and FDIV Bits
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Chapter 3 256 Kbyte ECC Flash Module (S12FTS256K2ECCV2)

Byte Select
MCU Address (0x4000-0x7FFF) 0 | 1 |AB13AB12|AB11|AB10| ABY | ABS |AB7|AB6 | ABS |AB4|AB3 | AB2 |AB1|ABO
AA A A A A A A A A A A
0
FADDR Register 101 ) FADDRHI[4:0] FADDRLO[7:0]
YYYVYYVYYVYYVYYYVY
MCU Address (OXC()()()-OXFFFF) 1 | 1 |AB13JAB12JAB11/AB10| ABY | AB8 |AB7 |AB6 [ ABS | AB4 |AB3 |AB2|AB1|ABO
Byte Select
Figure 3-16. FADDR to MCU Address Mapping (Unpaged)
3.3.2.11 Flash Data Registers (FDATA)
The banked FDATAHI and FDATALO registers are the Flash data registers.
Module Base + 0x000A
7 6 5 4 3 2 1 0
R FDATAHI
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 3-17. Flash Data High Register (FDATAHI)
Module Base + 0x000B
7 6 5 4 3 2 1 0
R FDATALO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 3-18. Flash Data Low Register (FDATALO)

All FDATAHI and FDATALO bits are readable but are not writable. After an array write as part of a

command write sequence, the FDATA registers will contain the data written. At the completion of a data
compress operation, the resulting 16-bit signature is stored in the FDATA registers. The data compression
signature is readable in the FDATA registers until a new command write sequence is started or a double bit
fault is detected in a Flash array read operation. If a double bit fault is detected during a Flash array read,
erase verify or data compress operation, the parity bits stored in the Flash array at the failed location will

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 6 Clocks and Reset Generator (CRGV4) Block Description

running at minimum operating frequency; this mode of operation is called self-clock mode. This requires
CME =1 and SCME = 1. If the MCU was clocked by the PLL clock prior to entering self-clock mode, the
PLLSEL hit will be cleared. If the external clock signal has stabilized again, the CRG will automatically
select OSCCLK to be the system clock and return to normal mode. See Section 6.4.4, “Clock Quality
Checker” for more information on entering and leaving self-clock mode.

NOTE
In order to detect a potential clock loss, the CME bit should be always
enabled (CME=1).

If CME bit is disabled and the MCU is configured to run on PLL clock
(PLLCLK), alossof external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCO’s minimum frequency
fsom- As soon asthe external clock is available again the system clock
ramps up to its PLL target frequency. If the MCU is running on external
clock any loss of clock will cause the system to go static.

6.4.8
The RTI can be stopped by setting the associated rate select bitsto O.
The COP can be stopped by setting the associated rate select bitsto O.

Low-Power Operation in Run Mode

6.4.9

The WAL instruction puts the MCU in alow power consumption stand-by mode depending on setting of
theindividual bitsinthe CLKSEL register. All individual wait mode configuration bits can be superposed.
This provides enhanced granularity in reducing the level of power consumption during wait mode.

Table 6-10 lists the individual configuration bits and the parts of the MCU that are affected in wait mode.

Table 6-10. MCU Configuration During Wait Mode

Low-Power Operation in Wait Mode

PLLWAI CWAI SYSWAI RTIWAI COPWAI | ROAWAI
PLL stopped — — — — —
Core — stopped stopped — — _
System — — stopped — — —
RTI - — — stopped — —
CoP — — — — stopped —
Oscillator — — — — — reduced?

1 Refer to oscillator block description for availability of a reduced oscillator amplitude.

After executing the WAL instruction the core requests the CRG to switch MCU into wait mode. The CRG
then checks whether the PLLWAI, CWAI and SY SWAI bits are asserted (see Figure 6-23). Depending on
the configuration the CRG switches the system and core clocksto OSCCLK by clearing the PLLSEL bit,
disablesthe PLL, disablesthe core clocks and finally disables the remaining system clocks. As soon asall
clocks are switched off wait mode is active.

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 6 Clocks and Reset Generator (CRGV4) Block Description

Table 6-11. Outcome of Clock Loss in Wait Mode

CME | SCME SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->
CRG performs Clock Monitor Reset immediately
1 1 0 Clock failure -->

Scenario 1: OSCCLK recovers prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,
— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,
— PLL disabled depending on PLLWAI,
— VREG remains enabled (never gets disabled in Wait Mode).
— MCU remains in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Wait Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode in SCM using PLL clock (fscy) as system clock,
— Continue to perform additional Clock Quality Checks until OSCCLK
is 0.k. again.

or an External RESET is applied.

— Exit Wait Mode in SCM using PLL clock (fscy) as system clock,

— Start reset sequence,

— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Chapter 7 Pierce Oscillator (S120SCLCPV1)

7.2.3 XCLKS — Input Signal

The XCLKS is an input signal which controls whether a crystal in combination with the internal loop
controlled (low power) Pierce oscillator is used or whether full swing Pierce oscillator/external clock
circuitry is used. Refer to the Device Overview chapter for polarity and sampling conditions of the XCLKS
pin. Table 7-1 lists the state coding of the sampled XCLKS signal.

Table 7-1. Clock Selection Based on XCLKS

XCLKS Description
0 Loop controlled Pierce oscillator selected
1 Full swing Pierce oscillator/external clock selected

7.3 Memory Map and Register Definition

The CRG contains the registers and associated bits for controlling and monitoring the oscillator module.

7.4  Functional Description

The XOSC module has control circuitry to maintain the crystal oscillator circuit voltage level to an optimal
level which is determined by the amount of hysteresis being used and the maximum oscillation range.

The oscillator block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is
intended to be connected to either a crystal or an external clock source. The selection of loop controlled
Pierce oscillator or full swing Pierce oscillator/external clock depends on the XCLKS signal which is
sampled during reset. The XTAL pin is an output signal that provides crystal circuit feedback.

A buffered EXTAL signal becomes the internal clock. To improve noise immunity, the oscillator is
powered by the Vpppp 1 and Vggpy 1, power supply pins.

7.4.1 Gain Control

A closed loop control system will be utilized whereby the amplifier is modulated to keep the output
waveform sinusoidal and to limit the oscillation amplitude. The output peak to peak voltage will be kept
above twice the maximum hysteresis level of the input buffer. Electrical specification details are provided
in the Electrical Characteristics appendix.

7.4.2 Clock Monitor

The clock monitor circuit is based on an internal RC time delay so that it can operate without any MCU
clocks. If no OSCCLK edges are detected within this RC time delay, the clock monitor indicates failure
which asserts self-clock mode or generates a system reset depending on the state of SCME bit. If the clock
monitor is disabled or the presence of clocks is detected no failure is indicated. The clock monitor function
is enabled/disabled by the CME control bit, described in the CRG block description chapter.

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 9 Inter-Integrated Circuit (IICV2) Block Description

9.4.1.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfer. Slave devices may hold
the SCL low after completion of one byte transfer (9 bits). In such case, it halts the bus clock and forces
the master clock into wait states until the slave releases the SCL line.

9.4.1.9 Clock Stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of a transfer. After
the master has driven SCL low the slave can drive SCL low for the required period and then release it.If
the slave SCL low period is greater than the master SCL low period then the resulting SCL bus signal low
period is stretched.

9.4.2 Operation in Run Mode

This is the basic mode of operation.

9.4.3 Operation in Wait Mode

IIC operation in wait mode can be configured. Depending on the state of internal bits, the IIC can operate
normally when the CPU is in wait mode or the IIC clock generation can be turned off and the IIC module
enters a power conservation state during wait mode. In the later case, any transmission or reception in
progress stops at wait mode entry.

9.4.4 Operation in Stop Mode

The IIC is inactive in stop mode for reduced power consumption. The STOP instruction does not affect [IC
register states.

9.5 Resets

The reset state of each individual bit is listed in Section 9.3, “Memory Map and Register Definition,” which
details the registers and their bit-fields.

9.6 Interrupts

IICV2 uses only one interrupt vector.
Table 9-8. Interrupt Summary

Interrupt | Offset Vector Priority Source Description
Ic — — — IBAL, TCF, IAAS | When either of IBAL, TCF or IAAS bits is set
Interrupt bits in IBSR may cause an interrupt based on arbitration
register lost, transfer complete or address detect
conditions

Internally there are three types of interrupts in IIC. The interrupt service routine can determine the interrupt
type by reading the status register.

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 9 Inter-Integrated Circuit (IICV2) Block Description

Clear
IBIF

Last Byte Clear IBAL

Transmitted Y
?
N
N
Data Transfer
End Of
Addr Cycle RX
Master Rx
?
N
' ACK F
) rom
Write Next _ Generate Set TX ;
Byte To IBDR Set TXAK =1 Stop Signal Mode Receiver
Write Data FR:)ar\r? @%tg
ToIBDR And Store
Y Y
Switch To Set RX Switch To
Rx Mode Mode Rx Mode
Y Y Y Y Y
Dummy Read Generate Read Data Dummy Read Dummy Read
From IBDR Stop Signal Fm‘ '8?32 From IBDR From IBDR

r vy ! ' v v v v oy

RTI

Figure 9-12. Flow-Chart of Typical IIC Interrupt Routine
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Chapter 10
Freescale’'s Scalable Controller Area Network
(S12MSCANV2)

10.1 Introduction

Freescale's scalable controller area network (S12M SCANV 2) definition is based on the MSCAN12
definition, which is the specific implementation of the MSCAN concept targeted for the M68HC12
microcontroller family.

The module is acommunication controller implementing the CAN 2.0A/B protocol as defined in the
Bosch specification dated September 1991. For users to fully understand the MSCAN specification, it is
recommended that the Bosch specification be read first to familiarize the reader with the terms and
concepts contained within this document.

Though not exclusively intended for automotive applications, CAN protocol is designed to meet the
specific requirements of avehicle serial data bus: real-time processing, reliable operation in the EMI
environment of a vehicle, cost-effectiveness, and required bandwidth.

MSCAN uses an advanced buffer arrangement resulting in predictable real-time behavior and ssimplified
application software.

10.1.1 Glossary

ACK: Acknowledge of CAN message
CAN: Controller Area Network

CRC: Cyclic Redundancy Code

EOF: End of Frame

FIFO: First-In-First-Out Memory

IFS: Inter-Frame Sequence

SOF: Start of Frame

CPU bus: CPU related read/write data bus
CAN bus: CAN protocol related serial bus
oscillator clock: Direct clock from external oscillator
bus clock: CPU bus realated clock

CAN clock: CAN protocol related clock

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV2)

10.1.2 Block Diagram

MSCAN
Oscillator Clock ————®» CANCLK Tq Clk
MUX | Presc.
Bus Clock — , - X RXCAN
Receive/
* * Transmit
Engine
g pD< TXCAN
—P|
Transmit Interrupt Req. =&
Receive Interrupt Req. - Control I\éﬁtses;,?r?g
and > and
Errors Interrupt Req. =& Status Buffering
Wake-Up Interrupt Req. &
Configuration
RegiSterS Wake_Up
— Low Pass Filter |-

Figure 10-1. MSCAN Block Diagram

10.1.3 Features
The basic features of the MSCAN are as follows:

Implementation of the CAN protocol — Version 2.0A/B

— Standard and extended data frames

— Zeroto eight bytes data length

— Programmable bit rate up to 1 Mbpst

— Support for remote frames

Five receive buffers with FIFO storage scheme

Three transmit buffers with internal prioritization using a*“local priority” concept

Flexible maskable identifier filter supports two full-size (32-bit) extended identifier filters, or four
16-hit filters, or eight 8-hit filters

Programmable wakeup functionality with integrated |ow-pass filter
Programmable loopback mode supports self-test operation
Programmabl e listen-only mode for monitoring of CAN bus

Separate signalling and interrupt capabilities for all CAN receiver and transmitter error states
(warning, error passive, bus-off)

Programmable MSCAN clock source either bus clock or oscillator clock
Internal timer for time-stamping of received and transmitted messages
Three low-power modes: sleep, power down, and MSCAN enable

1. Depending on the actual bit timing and the clock jitter of the PLL.
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Chapter 11 Serial Communications Interface (S12SCIV2) Block Description

11.4.1 Data Format

The SCI uses the standard NRZ mark/space data format illustrated in Figure 11-10 below.

8-BIT DATA FORMAT PARITY
BIT M IN SCICR1 CLEAR ORDATA NEXT

_\STBAI\TRT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BIT5 X BIT6 X BIT7 )'SgI(%P \STEﬁ\?T,C

9-BIT DATA FORMAT PARITY
BIT M IN SCICR1 SET ORBDI'IATA NEXT

_\SB?'IBT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BT5 X BIT6 X BIT7 X BIT8 ) STOP \STB/?TRT,C

Figure 11-10. SCI Data Formats

Each data character is contained in a frame that includes a start bit, eight or nine data bits, and a stop bit.
Clearing the M bit in SCI control register 1 configures the SCI for 8-bit data characters.A frame with eight
data bits has a total of 10 bits. Setting the M bit configures the SCI for nine-bit data characters. A frame
with nine data bits has a total of 11 bits

Table 11-8. Example of 8-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 8 0 0 1
1 7 0 1 1
1 7 1t 0 1

1 The address bit identifies the frame as an address character. See
Section 11.4.4.6, “Receiver Wakeup”.

When the SCI is configured for 9-bit data characters, the ninth data bit is the T8 bit in SCI data register
high (SCIDRH). It remains unchanged after transmission and can be used repeatedly without rewriting it.
A frame with nine data bits has a total of 11 bits.

Table 11-9. Example of 9-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 9 0 0 1
1 8 0 1 1
1 8 11 0 1

1 The address bit identifies the frame as an address character. See

Section 11.4.4.6, “Receiver Wakeup”.

MC9S12KT256 Data Sheet, Rev. 1.16
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Chapter 12 Serial Peripheral Interface (SPIV3) Block Description

Table 12-2. SPICR1 Field Descriptions

Field Description
7 SPI Interrupt Enable Bit — This bit enables SPI interrupt requests, if SPIF or MODF status flag is set.
SPIE 0 SPlinterrupts disabled.
1 SPI interrupts enabled.
6 SPI System Enable Bit — This bit enables the SPI system and dedicates the SPI port pins to SPI system
SPE functions. If SPE is cleared, SPI is disabled and forced into idle state, status bits in SPISR register are reset.
0 SPI disabled (lower power consumption).
1 SPI enabled, port pins are dedicated to SPI functions.
5 SPI Transmit Interrupt Enable — This bit enables SPI interrupt requests, if SPTEF flag is set.
SPTIE 0 SPTEF interrupt disabled.
1 SPTEF interrupt enabled.
4 SPI Master/Slave Mode Select Bit — This bit selects, if the SPI operates in master or slave mode. Switching
MSTR the SPI from master to slave or vice versa forces the SPI system into idle state.
0 SPlisin slave mode
1 SPlis in master mode
3 SPI Clock Polarity Bit — This bit selects an inverted or non-inverted SPI clock. To transmit data between SPI
CPOL modules, the SPI modules must have identical CPOL values. In master mode, a change of this bit will abort a
transmission in progress and force the SPI system into idle state.
0 Active-high clocks selected. In idle state SCK is low.
1 Active-low clocks selected. In idle state SCK is high.
2 SPI Clock Phase Bit — This bit is used to select the SPI clock format. In master mode, a change of this bit will
CPHA abort a transmission in progress and force the SPI system into idle state.
0 Sampling of data occurs at odd edges (1,3,5,...,15) of the SCK clock
1 Sampling of data occurs at even edges (2,4,6,...,16) of the SCK clock
1 Slave Select Output Enable — The SS output feature is enabled only in master mode, if MODFEN is set, by
SSOE asserting the SSOE as shown in Table 12-3. In master mode, a change of this bit will abort a transmission in
progress and force the SPI system into idle state.
0 LSB-First Enable — This bit does not affect the position of the MSB and LSB in the data register. Reads and
LSBFE writes of the data register always have the MSB in bit 7. In master mode, a change of this bit will abort a

transmission in progress and force the SPI system into idle state.
0 Data is transferred most significant bit first.
1 Data is transferred least significant bit first.

Table 12-3. SS Input / Output Selection

MODFEN SSOE Master Mode Slave Mode
0 0 SS not used by SPI SS input
0 1 SS not used by SPI SS input
1 0 SS input with MODF feature SS input
1 1 SS is slave select output SS input
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Chapter 13 Pulse-Width Modulator (S12PWM8B8CV1)

13.3.2.5 PWM Center Align Enable Register (PWMCAE)

The PWMCAE register contains eight control bits for the selection of center aligned outputs or left aligned
outputs for each PWM channel. If the CAEX bit is set to a one, the corresponding PWM output will be
center aligned. If the CAEx bit is cleared, the corresponding PWM output will be left aligned. See
Section 13.4.2.5, “Left Aligned Outputs” and Section 13.4.2.6, “Center Aligned Outputs” for a more
detailed description of the PWM output modes.

Module Base + 0x0004

7 6 5 4 3 2 1 0
R
W CAE7 CAEG6 CAE5 CAE4 CAE3 CAE2 CAE1l CAEO
Reset 0 0 0 0 0 0 0 0

Figure 13-7. PWM Center Align Enable Register (PWMCAE)

Read: Anytime
Write: Anytime
NOTE
Write these bits only when the corresponding channel is disabled.

Table 13-7. PWMCAE Field Descriptions

Field Description
7-0 Center Aligned Output Modes on Channels 7-0
CAE[7:0] |0 Channels 7-0 operate in left aligned output mode.
1 Channels 7-0 operate in center aligned output mode.

13.3.2.6 PWM Control Register (PWMCTL)
The PWMCTL register provides for various control of the PWM module.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R 0

W CONG67 CON45 CON23 CONO1 PSWAI PFRZ
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 13-8. PWM Control Register (PWMCTL)

Read: Anytime
Write: Anytime

There are three control bits for concatenation, each of which is used to concatenate a pair of PWM

channels into one 16-bit channel. When channels 6 and 7are concatenated, channel 6 registers become the
high order bytes of the double byte channel. When channels 4 and 5 are concatenated, channel 4 registers
become the high order bytes of the double byte channel. When channels 2 and 3 are concatenated, channel
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Chapter 14 Timer Module (TIM16B8CV1) Block Description

Read: Anytime

Write: Anytime
Table 14-3. TIOS Field Descriptions

Field Description
7.0 Input Capture or Output Compare Channel Configuration
IOS[7:0] |0 The corresponding channel acts as an input capture.
1 The corresponding channel acts as an output compare.

14.3.2.2 Timer Compare Force Register (CFORC)

Module Base + 0x0001

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
w FOC7 FOC6 FOC5 FOC4 FOC3 FOC2 FOC1 FOCO
Reset 0 0 0 0 0 0 0 0
Figure 14-7. Timer Compare Force Register (CFORC)
Read: Anytime but will always return 0x0000 (1 state is transient)
Write: Anytime
Table 14-4. CFORC Field Descriptions
Field Description
7:0 Force Output Compare Action for Channel 7:0 — A write to this register with the corresponding data bit(s) set
FOC[7:0] |causes the action which is programmed for output compare “x” to occur immediately. The action taken is the
same as if a successful comparison had just taken place with the TCx register except the interrupt flag does not
get set.

Note: A successful channel 7 output compare overrides any channel 6:0 compares. If forced output compare on
any channel occurs at the same time as the successful output compare then forced output compare action
will take precedence and interrupt flag won't get set.

14.3.2.3 Output Compare 7 Mask Register (OC7M)
Module Base + 0x0002
7 6 5 4 3 2 1 0
R
OC7M7 OC7M6 OC7M5 OC7M4 OC7M3 OC7M2 OoC7M1 OC7MO0
W
Reset 0 0 0 0 0 0 0 0

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

Read: Anytime
Write: Anytime
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14.3.2.9

Chapter 14 Timer Module (TIM16B8CV1) Block Description

Timer Control Register 3/Timer Control Register 4 (TCTL3 and TCTL4)

Module Base + 0x000A

7 6 5 4 3 2 1 0
R
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
W
Reset 0 0 0 0 0 0 0 0
Figure 14-16. Timer Control Register 3 (TCTL3)
Module Base + 0x000B
7 6 5 4 3 2 1 0
R
EDG3B EDG3A EDG2B EDG2A EDG1B EDG1A EDGOB EDGOA
W
Reset 0 0 0 0 0 0 0 0

Read: Anytime

Write: Anytime.

Figure 14-17. Timer Control Register 4 (TCTL4)

Table 14-12. TCTL3/TCTL4 Field Descriptions

Field Description
7:0 Input Capture Edge Control — These eight pairs of control bits configure the input capture edge detector
EDGnB circuits.
EDGnA

Table 14-13. Edge Detector Circuit Configuration

EDGnB EDGnA Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge (rising or falling)
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Chapter 16 Background Debug Module (BDMV4) Block Description

firmware. The standard BDM firmware watches for serial commands and executes them as they are

received.

The firmware commands are shown in Table 16-6.

Table 16-6. Firmware Commands

Command! | Opcode (hex) Data Description

READ_NEXT 62 16-bit data out | Increment X by 2 (X = X + 2), then read word X points to.

READ_PC 63 16-bit data out | Read program counter.

READ_D 64 16-bit data out | Read D accumulator.

READ_X 65 16-bit data out | Read X index register.

READ_Y 66 16-bit data out | Read Y index register.

READ_SP 67 16-bit data out | Read stack pointer.

WRITE_NEXT 42 16-bit data in Increment X by 2 (X = X + 2), then write word to location pointed to by X.

WRITE_PC 43 16-bit data in Write program counter.

WRITE_D 44 16-bit data in Write D accumulator.

WRITE_X 45 16-bit data in Write X index register.

WRITE_Y 46 16-bit data in Write Y index register.

WRITE_SP 47 16-bit data in Write stack pointer.

GO 08 None Go to user program. If enabled, ACK will occur when leaving active
background mode.

GO_UNTIL? ocC None Go to user program. If enabled, ACK will occur upon returning to active
background mode.

TRACE1 10 None Execute one user instruction then return to active BDM. If enabled, ACK
will occur upon returning to active background mode.

TAGGO 18 None Enable tagging and go to user program. There is no ACK pulse related to

this command.

1 |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.

2 Both WAIT (with clocks to the S12 CPU core disabled) and STOP disable the ACK function. The GO_UNTIL command will not
get an Acknowledge if one of these two CPU instructions occurs before the “UNTIL" instruction. This can be a problem for any
instruction that uses ACK, but GO_UNTIL is a lot more difficult for the development tool to time-out.

16.4.5

BDM Command Structure

Hardware and firmware BDM commands start with an 8-bit opcode followed by a 16-bit address and/or a
16-bit data word depending on the command. All the read commands return 16 bits of data despite the byte

or word implication in the command name.

NOTE

8-bit reads return 16-bits of data, of which, only one byte will contain valid
data. If reading an even address, the valid data will appear in the MSB. If
reading an odd address, the valid data will appear in the LSB.
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8BITS 16 BITS 150-8C 16 BITS
AT C16 TC/BIT AT C16 TC/BIT DELAY AT 16 TC/BIT

HARDWARE NEXT

READ COMMAND ADDRESS DATA COMMAND

150-BC
DELAY

HARDWARE T NEXT

WRITE COMMAND ADDRESS DATA L COMMAND |

44-BC
DELAY

FIRMWARE NEXT

READ COMMAND DATA COMMAND .

32-BC
DELAY

FIRMWARE T ONEXT

WRITE COMMAND DATA ' COMMAND .

64-BC
DELAY
GO, T NEXT
TRACE COMMAND ' COMMAND . BC = BUS CLOCK CYCLES
--------- P TC = TARGET CLOCK CYCLES

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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The commands are described as follows:

* ACK_ENABLE — enables the hardware handshake protocol. The target will issue the ACK pulse
when a CPU command is executed by the CPU. The ACK_ENABLE command itself also has the
ACK pulse as a response.

 ACK_DISABLE — disables the ACK pulse protocol. In this case, the host needs to use the worst
case delay time at the appropriate places in the protocol.

The default state of the BDM after reset is hardware handshake protocol disabled.

All the read commands will ACK (if enabled) when the data bus cycle has completed and the data is then
ready for reading out by the BKGD serial pin. All the write commands will ACK (if enabled) after the data
has been received by the BDM through the BKGD serial pin and when the data bus cycle is complete. See
Section 16.4.3, “BDM Hardware Commands,” and Section 16.4.4, “Standard BDM Firmware
Commands,” for more information on the BDM commands.

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

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

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

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

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

The TAGGO command will not issue an ACK pulse because this would interfere with the tagging function
shared on the same pin.
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Appendix A
Electrical Characteristics

A.1 General

NOTE

The electrical characteristics given in this section are preliminary and
should be used as a guide only. Values cannot be guaranteed by Freescale
and are subject to change without notice.

This supplement contains the most accurate electrical information for the MC9S12KT256 microcontroller
available at the time of publication. The information should be considered PRELIMINARY and is subject
to change.

This introduction is intended to give an overview on several common topics like power supply, current
injection, etc.

A.l1 Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate.

NOTE

This classification is shown in the column labeled “C” in the parameter
tables where appropriate.

P: Those parameters are guaranteed during production testing on each individual device.

C: Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations. They are regularly verified by production monitors.

T: Those parameters are achieved by design characterization on a small sample size from typical devices.
All values shown in the typical column are within this category.

D: Those parameters are derived mainly from simulations.

A.1.2  Power Supply

The MC9S12KT256 utilizes several pins to supply power to the I/O ports, A/D converter, oscillator, PLL
and internal logic.

The VDDA, VSSA pair supplies the A/D converter.

The VDDX, VSSX pair supplies the I/O pins.
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A.6.2 NVM Reliability

The reliability of the NVM blocks is guaranteed by stress test during qualification, constant process
monitors and burn-in to screen early life failures.

The failure rates for data retention and program/erase cycling are specified at the operating conditions
noted.

The program/erase cycle count on the sector is incremented every time a sector or mass erase event 1s
executed.

NOTE

All values shown in Table A-17 are target values and subject to further
extensive characterization.

Table A-17. NVM Reliability Characteristics?!

Conditions are shown in Table A-4 unless otherwise noted
Num | C Rating Symbol Min Typ Max Unit
1 | C |Data retention after 10,000 program/erase cycles at | tyyMmRET 15 100? — Years
an average junction temperature of Tj,,q < 85°C
2 | C | Data retention with <100 program/erase cycles at an 20 100? —
average junction temperature T ;5,4 < 85°C
3 | C | Flash Number of program/erase cycles NELPE
(-40°C<T;<0°C) 10,000 — — Cycles
(0°C < T;<140°C) 10,000 100,000% —
4 | C | EEPROM number of Program/Erase cycles NEEPE
(-40°C < T;<0°C) 10,000 — — Cycles
(0°C < T; < 140°C) 100,000 300,000° — Cycles

L Tjavg Will not exeed 85°C considering a typical temperature profile over the lifetime of a consumer, industrial or automotive
application.

Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated to

25°C using the Arrhenius equation. For additional information on how Freescale defines Typical Data Retention, please refer
to Engineering Bulletin EB618.

Spec table quotes typical endurance evaluated at 25°C for this product family, typical endurance at various temperature can

be estimated using the graph below. For additional information on how Freescale defines Typical Endurance, please refer to
Engineering Bulletin EB619.
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