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Chapter 2
Clocks and Reset Generator (S12CRGV6)

2.1

Introduction

This specibcation describes the function of the clocks and reset generator (CRG).

2.1.1

Features

The main features of this block are:

¥

#

Phase locked loop (PLL) frequency multiplier

N Reference divider

N Automatic bandwidth control mode for low-jitter operation
N Automatic frequency lock detector

N Interrupt request on entry or exit from locked condition

N Self clock mode in absence of reference clock

System clock generator

N Clock quality check

N User selectable fast wake-up from Stop in self-clock mode for power saving and immediate
program execution

N Clock switch for either oscillator or PLL based system clocks

Computer operating properly (COP) watchdog timer with time-out clear window
System reset generation from the following possible sources:

Power on reset

Low voltage reset

lllegal address reset

COP reset

Loss of clock reset

External pin reset

Real-time interrupt (RTI)

2 20 20 Zv Zv 2
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.1.2

Modes of Operation

This subsection lists and briel3y describes all operating modes supported by the CRG.

¥

Run mode

All functional parts of the CRG are running during normal run mode. If RTI or COP functionality

is required, the individual bits of the associated rate select registers (COPCTL, RTICTL) have to
be set to a nonzero value.

Wait mode

In this mode, the PLL can be disabled automatically depending on the PLLSEL bitin the CLKSEL
register.

Stop mode

Depending on the setting of the PSTP bit, stop mode can be differentiated between full stop mode
(PSTP =0) and pseudo stop mode (PSTP =1).

N Full stop mode

The oscillator is disabled and thus all system and core clocks are stopped. The COP and the
RTI remain frozen.

N Pseudo stop mode

The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set, the COP and RTI will continue to run, or else they remain frozen.

Self clock mode

Self clock mode will be entered if the clock monitor enable bit (CME) and the self clock mode
enable bit (SCME) are both asserted and the clock monitor in the oscillator block detects a loss of
clock. As soon as self clock mode is entered, the CRG starts to perform a clock quality check. Self
clock mode remains active until the clock quality check indicates that the required quality of the
incoming clock signal is met (frequency and amplitude). Self clock mode should be used for safety
purposes only. It provides reduced functionality to the MCU in case a loss of clock is causing
severe system conditions.
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2.1.3

Chapter 2 Clocks and Reset Generator (S12CRGV6)

Block Diagram

Figure 2-1shows a block diagram of the CRG.

lllegal Address Reset
S12X_MMC |2
Power on Reset
Voltage
Regulator | Low Voltage Reset
RESET
X< q Reset System Reset
i Generator
Clock CM fall
XCLKS Monitor §
X > OSCCLK £ C'%Chk Q;Ja”ty
i [= ecker
[R—EXTAL, Oscillator 5 Bus Clock __,,
O
XTAL O
(Xl > COP RTI Core Clock >
Oscillator Clock >
Registers
XFC
X< > PLLCLK T
e \\jDDPLL o pLL Clocé and Flzeset Real Time Interrupt,
K SSPLL q ontro PLL Lock Interrupt
Self Clock Mode
>
Interrupt
Figure 2-1. CRG Block Diagram
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2 Register Descriptions

This section describes in address order all the CRG registers and their individual bits.

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
SYNR R 0 0
W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
REFDV R 0 0
W REFDV5 REFDV4 REFDV3 REFDV2 REFDV1 REFDVO
CTFLG R 0 0 0 0 0 0 0 0
W
CRGFLG R LOCK TRACK SCM
W RTIF PORF LVRF LOCKIF SCMIF
CRGINT R 0 0 0 0
W RTIE ILAF LOCKIE SCMIE
CLKSEL R 0 0 0
W PLLSEL PSTP PLLWAI RTIWAI COPWAI
PLLCTL R
W CME PLLON AUTO ACQ FSTWKP PRE PCE SCME
RTICTL R
W RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
COPCTL R 0 0 0
WCOP RSBCK CR2 CR1 CRO
W WRTMASK
FORBYP R 0 0 0 0 0 0 0 0
W
CTCTL R 1 0 0 0 0 0 0 0
W
ARMCOP R 0 0 0 0 0 0 0 0
W Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

I:I = Unimplemented or Reserved

Figure 2-3. S12CRGV6 Register Summary
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.7

CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

7 6 5 4 3 2 1 0
R
W CME PLLON AUTO ACQ FSTWKP PRE PCE SCME
Reset 1 1 1 1 0 0 0 1

Figure 2-10. CRG PLL Control Register (PLLCTL)

Read: Anytime

Write: Refer to each bit for individual write conditions

Table 2-5. PLLCTL Field Descriptions

Field Description
7 Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.
CME 0 Clock monitor is disabled.

1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or self clock

mode.

Note: Operating with CME = 0 will not detect any loss of clock. In case of poor clock quality, this could cause
unpredictable operation of the MCU!

Note: In stop mode (PSTP = 0) the clock monitor is disabled independently of the CME bit setting and any loss
of external clock will not be detected. Also after wake-up from stop mode (PSTP = 0) with fast wake-up
enabled (FSTWKP = 1) the clock monitor is disabled independently of the CME bit setting and any loss of
external clock will not be detected.

6 Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self clock mode, the PLL is turned on, but the
PLLON PLLON bit reads the last latched value. Write anytime except when PLLSEL = 1.

0 PLL is turned off.

1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically.

5 Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
AUTO bandwidth (tracking) mode depending on how close to the desired frequency the VCO is running. Write anytime

except when PLLWAI = 1, because PLLWAI sets the AUTO bit to 1.

0 Automatic mode control is disabled and the PLL is under software control, using ACQ bit.

1 Automatic mode control is enabled and ACQ bit has no effect.

4 Acquisition Bit
ACQ Write anytime. If AUTO=1 this bit has no effect.

0 Low bandwidth filter is selected.

1 High bandwidth filter is selected.

3 Fast Wake-up from Full Stop Bit — FSTWKP enables fast wake-up from full stop mode. Write anytime. If
FSTWKP | self-clock mode is disabled (SCME = 0) this bit has no effect.

0 Fast wake-up from full stop mode is disabled.

1 Fast wake-up from full stop mode is enabled.

When waking up from full stop mode the system will immediately resume operation i self-clock mode (see
Section 2.4.1.4, “Clock Quality Checker”). The SCMIF flag will not be set. The system will remain in self-clock
mode with oscillator and clock monitor disabled until FSTWKP bit is cleared. The clearing of FSTWKP will
start the oscillator, the clock monitor and the clock quality check. If the clock quality check is successful, the
CRG will switch all system clocks to OSCCLK. The SCMIF flag will be set. See application examples in
Figure 2-23 and Figure 2-24.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

Table 2-5. PLLCTL Field Descriptions (continued)

Field Description

2 RTI Enable during Pseudo Stop Bit — PRE enables the RTI during pseudo stop mode. Write anytime.
PRE 0 RTI stops running during pseudo stop mode.
1 RTI continues running during pseudo stop mode.
Note: If the PRE bit is cleared the RTI dividers will go static while pseudo stop mode is active. The RTI dividers
will not initialize like in wait mode with RTIWAI bit set.

1 COP Enable during Pseudo Stop Bit — PCE enables the COP during pseudo stop mode. Write anytime.
PCE 0 COP stops running during pseudo stop mode
1 COP continues running during pseudo stop mode
Note: If the PCE bit is cleared, the COP dividers will go static while pseudo stop mode is active. The COP
dividers will not initialize like in wait mode with COPWAI bit set.

0 Self Clock Mode Enable Bit
SCME Normal modes: Write once
Special modes: Write anytime
SCME can not be cleared while operating in self clock mode (SCM = 1).
0 Detection of crystal clock failure causes clock monitor reset (see Section 2.5.2, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self clock mode (see Section 2.4.2.2, “Self Clock Mode”).

2.3.2.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real time interrupt.

7 6 5 4 3 2 1 0
R
W RTDEC RTR6 RTRS5 RTR4 RTR3 RTR2 RTR1 RTRO
Reset 0 0 0 0 0 0 0 0

Figure 2-11. CRG RTI Control Register (RTICTL)
Read: Anytime
Write: Anytime

NOTE
A write to this register initializes the RTI counter.

Table 2-6. RTICTL Field Descriptions

Field Description

7 Decimal or Binary Divider Select Bit — RTDEC selects decimal or binary based prescaler values.
RTDEC 0 Binary based divider value. See Table 2-7
1 Decimal based divider value. See Table 2-8

6-4 Real Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 2-7
RTR[6:4] |and Table 2-8.

3-0 Real Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to
RTR[3:0] |provide additional granularity.Table 2-7 and Table 2-8 show all possible divide values selectable by the RTICTL
register. The source clock for the RTIl is OSCCLK.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.9 CRG COP Control Register (COPCTL)

This register controls the COP (computer operating properly) watchdog.

7 6 5 4 3 2 1 0
0 0 0
WCOP RSBCK CR2 CR1 CRO
W WRTMASK
Reset! 0 0 0 0

1. Refer to Device User Guide (Section: CRG) for reset values of WCOP, CR2, CR1, and CRO.

|:|: Unimplemented or Reserved

Figure 2-12. CRG COP Control Register (COPCTL)
Read: Anytime

Write:
1. RSBCK: Anytime in special modes; write to O10 but not to O00 in all other modes
2. WCOP, CR2, CR1, CRO:
N Anytime in special modes

~

N Write once in all other modes . )
Writing CR[2:0] to O0000 has no effect, but counts for the Owrite onceO condition.
Writing WCOP to O0O has no effect, but counts for the Owrite onceO condition.
The COP time-out period is restarted if one these two conditions is true:

1. Writing a nonzero value to CR[2:0] (anytime in special modes, once in all other modes) with
WRTMASK = 0.

or
2. Changing RSBCK bit from 000 to O10.
Table 2-9. COPCTL Field Descriptions

Field Description

7 Window COP Mode Bit — When set, a write to the ARMCOP register must occur in the last 25% of the selected
WCOP period. A write during the first 75% of the selected period will reset the part. As long as all writes occur during
this window, Ox_55 can be written as often as desired. Once 0x_AA is written after the Ox_55, the time-out logic
restarts and the user must wait until the next window before writing to ARMCOP. Table 2-10 shows the duration
of this window for the seven available COP rates.

0 Normal COP operation
1 Window COP operation

6 COP and RTI Stop in Active BDM Mode Bit
RSBCK 0 Allows the COP and RTI to keep running in active BDM mode.
1 Stops the COP and RTI counters whenever the part is in active BDM mode.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

Table 2-9. COPCTL Field Descriptions (continued)

Field Description
5 Write Mask for WCOP and CR[2:0] Bit — This write-only bit serves as a mask for the WCOP and CR[2:0] bits
WRTMASK | while writing the COPCTL register. It is intended for BDM writing the RSBCK without touching the contents of
WCOP and CR[2:0].
0 Write of WCOP and CR[2:0] has an effect with this write of COPCTL
1 Write of WCOP and CR[2:0] has no effect with this write of COPCTL. (Does not count for “write once”.)
2-0 COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 2-10). The COP
CR[1:0] time-out period is OSCCLK period divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the

COP counter and starts the time-out period. A COP counter time-out causes a system reset. This can be
avoided by periodically (before time-out) reinitializing the COP counter via the ARMCOP register.

While all of the following four conditions are true the CR[2:0], WCOP bits are ignored and the COP operates at
highest time-out period (2 24 cycles) in normal COP mode (Window COP mode disabled):

1) COP is enabled (CR[2:0] is not 000)

2) BDM mode active

3) RSBCK =0

4) Operation in emulation or special modes

Table 2-10. COP Watchdog Rates?!

CR2 CR1 CRO Cydezstgchi_nfe-out
0 0 0 COP disabled
5 5 1 ol4
5 1 0 216
5 1 1 218
. 5 0 220
: 5 1 922
: 1 0 223
: 1 1 924

1 OSCCLK cycles are referenced from the previous COP time-out reset
(writing 0x_55/0x_AA to the ARMCOP register)
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

A number greater equal than 4096 rising OSCCLK edges withhreak windowvis calledosc ok Note that
osc okimmediately terminates the currateck windowSeeFigure 2-19s an example.

check window

| |
|- »
== =1

1 2 3 49999 50000
VCO
Clock %>_ %}
| I
1 2 3 4 5 4096 |
4095 ¢
osc ok

Figure 2-19. Check Window Example

The sequence for clock quality check is showRigure 2-20

\ CM fail
Clock OK

no
POR
num =0 Enter SCM p<_FSTWKP =0
LVR ”
yes
Clock Monitor Reset <
Y
Enter SCM num =0
num = 50
yes SCM
active?
v v
check window num=num-1
Tyes
no
»- num >0 »-

?

Switch to OSCCLK

Exit SCM

Figure 2-20. Sequence for Clock Quality Check
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

NOTE

Remember that in parallel to additional actions caused by self clock mode
or clock monitor reséthandling the clock quality checker continues to
check the OSCCLK signal.

The clock quality checker enables the PLL and the voltage regulator
(VREG) anytime a clock check has to be performed. An ongoing clock
quality check could also cause a running Pldeff) and an active VREG
during pseudo stop mode or wait mode.

24.1.5 Computer Operating Properly Watchdog (COP)

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. When the COP is being used, software is responsible for keeping the COP from
timing out. If the COP times out it is an indication that the software is no longer being executed in the
intended sequence; thus a system reset is initiated¢sgen 2.4.1.5, OComputer Operating Properly
Watchdog (COP)OThe COP runs with a gated OSCCLK. Three control bits in the COPCTL register
allow selection of seven COP time-out periods.

When COP is enabled, the program must write Ox_55 and 0x_AA (in this order) to the ARMCOP register
during the selected time-out period. Once this is done, the COP time-out period is restarted. If the program
fails to do this and the COP times out, the part will reset. Also, if any value other than Ox_55 or Ox_AAis
written, the part is immediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, writes to
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out period.
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in pseudo stop mode.

2.4.1.6 Real Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at a Pxed periodic rate. If enabled (by setting
RTIE = 1), this interrupt will occur at the rate selected by the RTICTL register. The RTI runs with a gated
OSCCLK. At the end of the RTI time-out period the RTIF 3ag is set to 1 and a new RTI time-out period
starts immediately.

A write to the RTICTL register restarts the RTI time-out period.

If the PRE bit is set, the RTI will continue to run in pseudo stop mode.

2.4.2 Operating Modes

24.2.1 Normal Mode

The CRG block behaves as described within this specibcation in all normal modes.

1. A Clock Monitor Reset will always set the SCME bit to logical 1.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

There are four different scenarios for the CRG to restart the MCU from wait mode:

¥ External reset

¥ Clock monitor reset
¥ COP reset

¥ Any interrupt

If the MCU gets an external reset or COP reset during wait mode active, the CRG asynchronously restores
all conbguration bits in the register space to its default settings and starts the reset generator. After
completing the reset sequence processing begins by fetching the normal or COP reset vector. Wait mod
is left and the MCU is in run mode again.

If the clock monitor is enabled (CME = 1) the MCU is able to leave wait mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRGOs behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If th
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE = 1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality chBekén( 2.4.1.4, OClock

Quality CheckerndThen the MCU continues with normal operation.If the SCM interrupt is blocked by
SCMIE = 0, the SCMIF Bag will be asserted and clock quality checks will be performed but the MCU will
not wake-up from wait-mode.

If any other interrupt source (e.g., RTI) triggers exit from wait mode, the MCU immediately continues with
normal operation. If the PLL has been powered-down during wait mode, the PLLSEL bit is cleared and
the MCU runs on OSCCLK after leaving wait mode. The software must manually set the PLLSEL bit
again, in order to switch system and core clocks to the PLLCLK.

If wait mode is entered from self-clock mode the CRG will continue to check the clock quality until clock
check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 2-12summarizes the outcome of a clock loss while in wait mode.

2.4.3.3 System Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE, and PSTP bit. The
oscillator is disabled in STOP mode unless the PSTP bit is set. All counters and dividers remain frozen but
do not initialize. If the PRE or PCE bits are set, the RTI or COP continues to run in pseudo stop mode. In
addition to disabling system and core clocks the CRG requests other functional units of the MCU (e.g.,
voltage-regulator) to enter their individual power saving modes (if available). This is the main difference
between pseudo stop mode and wait mode.

If the PLLSEL bit is still set when entering stop mode, the CRG will switch the system and core clocks to
OSCCLK by clearing the PLLSEL bit. Then the CRG disables the PLL, disables the core clock and Pnally
disables the remaining system clocks. As soon as all clocks are switched off, stop mode is active.

If pseudo stop mode (PSTP = 1) is entered from self-clock mode, the CRG will continue to check the clock
quality until clock check is successful. The PLL and the voltage regulator (VREG) will remain enabled. If
full stop mode (PSTP = 0) is entered from self-clock mode, an ongoing clock quality check will be
stopped. A complete timeout window check will be started when stop mode is left again.

Wake-up from stop mode also depends on the setting of the PSTP bit.
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Table 2-12. Outcome of Clock Loss in Wait Mode

CME

SCME

SCMIE

CRG Actions

Clock failure -->
No action, clock loss not detected.

Clock failure -->
CRG performs Clock Monitor Reset immediately

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 (fscp) as system clock,
— Continue to perform additional clock quality checks until OSCCLK is o.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 OSCCLKis o.k.again.

Clock failure -->
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start clock quality check,
— SCMIF set.
SCMIF generates self clock mode wakeup interrupt.
— Exit wait mode in SCM using PLL clock (fscp) as system clock,
— Continue to perform a additional clock quality checks until OSCCLK is o.k. again.
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Core req’'s
Stop Mode.

Clear PLLSEL,
Disable PLL

Stop Mode left

No
A
Yes
N
Exit Stop w,
CMRESET
Exit Stop w.
CMRESET v
Exit
No Stop Mode
Generate W Yes
SCM Interrupt
Exit Exit (Wakeup from Stop) Exit
Stop Mode Stop Mode Stop Mode

A 4
Continue w.\
normal OP /¥

Figure 2-22. Stop Mode Entry/Exit Sequence

A
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Table 2-13. Outcome of Clock Loss in Pseudo Stop 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

Clock Monitor failure -->
Scenario 1: OSCCLK recovers prior to exiting pseudo stop mode.
— MCU remains in pseudo stop 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,
— VREG disabled.
— MCU remains in pseudo stop mode.
Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit pseudo stop mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.
1 1 0 or an External Reset is applied.
— Exit pseudo stop mode using OSCCLK as system clock,
— Start reset sequence.
Scenario 2: OSCCLK does not recover prior to exiting pseudo stop mode.
— MCU remains in pseudo stop 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 pseudo stop mode.
Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit pseudo stop mode in SCM using PLL clock (fscpy) as system clock
— Continue to perform additional clock quality checks until OSCCLK is o.k. again.
or an External RESET is applied.
— Exit pseudo stop 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.

Clock failure -->
— VREG enabled,
— PLL enabled,
— SCM activated,
1 1 1 — Start clock quality check,
— SCMIF set.
SCMIF generates self clock mode wakeup interrupt.
— Exit pseudo stop mode in SCM using PLL clock (fscy) as system clock,
— Continue to perform a additional clock quality checks until OSCCLK is o.k. again.
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Chapter 3
Pierce Oscillator (S12XOSCLCPV1)

3.1

Introduction

The Pierce oscillator (XOSC) module provides a robust, low-noise and low-power clock source. The
module will be operated from thedbp, | supply rail (2.5 V nominal) and require the minimum number
of external components. It is designed for optimal start-up margin with typical crystal oscillators.

3.1.1

Features

The XOSC will contain circuitry to dynamically control current gain in the output amplitude. This ensures
a signal with low harmonic distortion, low power and good noise immunity.

¥

K K K K K

¥

3.1.2

High noise immunity due to input hysteresis

Low RF emissions with peak-to-peak swing limited dynamically
Transconductance (gm) sized for optimum start-up margin for typical oscillators
Dynamic gain control eliminates the need for external current limiting resistor
Integrated resistor eliminates the need for external bias resistor

Low power consumption:

N Operates from 2.5 V (nominal) supply

N Amplitude control limits power

Clock monitor

Modes of Operation

Two modes of operation exist:

1.
2.

Loop controlled Pierce oscillator
External square wave mode featuring also full swing Pierce without internal feedback resistor
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Chapter 3 Pierce Oscillator (S12XOSCLCPV1)

3.1.3 Block Diagram
Figure 3-1shows a block diagram of the XOSC.

Monitor_Failure
Clock >
Monitor
OSCCLK
Peak
Detector Gain Control
Y QVDDPLL =25V
Rf
A%
EXTAL XTAL
Il |l
|D|
i . —_

v v

Figure 3-1. XOSC Block Diagram

3.2 External Signal Description

This section lists and describes the signals that connect off chip

3.21  VpppLL and Vggp | — Operating and Ground Voltage Pins

Theses pins provides operating voltaggf), | ) and ground (¥gp| ) for the XOSC circuitry. This
allows the supply voltage to the XOSC to be independently bypassed.

3.2.2 EXTAL and XTAL — Input and Output Pins

These pins provide the interface for either a crystal or a CMOS compatible clock to control the internal
clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscillator ampliber.
XTAL is the output of the crystal oscillator ampliber. The MCU internal system clock is derived from the
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Chapter 3 Pierce Oscillator (S12XOSCLCPV1)

EXTAL input frequency. In full stop mode (PSTP = 0), the EXTAL pin is pulled down by an internal

resistor of typical 200 k.
NOTE

Freescale recommends an evaluation of the application board and chosen
resonator or crystal by the resonator or crystal supplier.

Loop controlled circuit is not suited for overtone resonators and crystals.

EXTAL = =
C1
MCU |_:_| Crystal or
—— Ceramic Resonator
XTAL I I

— VsspLL

Figure 3-2. Loop Controlled Pierce Oscillator Connections (XCLKS = 1)

NOTE
Full swing Pierce circuit is not suited for overtone resonators and crystals
without a careful component selection.

EXTAL , [}
C1
MCU RB [] Crystalor
—— Ceramic Resonator
RS*
XTAL . i i -1
VsspLL

* Rg can be zero (shorted) when use with higher frequency crystals.
Refer to manufacturer’s data.

Figure 3-3. Full Swing Pierce Oscillator Connections (XCLKS = 0)

CMOS Compatible

EXTALl«—— External Oscillator
(Voopu Level)

MCU

XTAL —— Not Connected

Figure 3-4. External Clock Connections (XCLKS = 0)
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Chapter 3 Pierce Oscillator (S12XOSCLCPV1)

3.2.3 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 conditions6ttheS

pin. Table 3-1lists the state coding of the sampkdLKS signal.

Table 3-1. Clock Selection Based on XCLKS

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

3.3 Memory Map and Register Definition

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

3.4  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 Mpp| | and Vggp| | power supply pins.

34.1 Gain Control

A closed loop control system will be utilized whereby the ampliber 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 specibcation details are provided
in the Electrical Characteristics appendix.

3.4.2 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 clocl
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.
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Chapter 3 Pierce Oscillator (S12XOSCLCPV1)

3.4.3 Wait Mode Operation

During wait mode, XOSC is not impacted.

3.4.4 Stop Mode Operation

XOSC is placed in a static state when the part is in stop mode except when pseudo-stop mode is enabled
During pseudo-stop mode, XOSC is not impacted.
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Chapter 4
Analog-to-Digital Converter (ATD10B16CV4)
Block Description

4.1 Introduction

The ATD10B16C is a 16-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to thielectrical Specibcatiorchapter for ATD accuracy.

41.1 Features

8-/10-bit resolution

7us, 10-bit single conversion time

Sample buffer ampliber

Programmable sample time

Left/right justibed, signed/unsigned result data
External trigger control

Conversion completion interrupt generation
Analog input multiplexer for 16 analog input channels
Analog/digital input pin multiplexing

1 to 16 conversion sequence lengths
Continuous conversion mode

Multiple channel scans

Conbgurable external trigger functionality on any AD channel or any of four additional trigger
inputs. The four additional trigger inputs can be chip external or internal. Refer to device
specibcation for availability and connectivity

¥ Conbgurable location for channel wrap around (when converting multiple channels in a sequence)

K K K K K K K K K K K K «

4.1.2 Modes of Operation

There is software programmable selection between perforsmigbe or continuous conversionon a
single channelor multiple channels

4.1.3 Block Diagram
Refer toFigure 4-1for a block diagram of the ATDOB16C block.
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Clock

Bus Clock
e —
| ETRIGO X
| ETRIG1 X
| eTrRIG2 X
. _ _ _Emrics X

(see Device Overview
chapter for availability
and connectivity)

AN7
ANG6
AN5
AN4
AN3

AN2
AN1
ANO

ATD clock ATD10B16C

Prescaler

I

Mode and Sequence Complete

Timing Control < Interrupt

ATDCTL1 ATDDIEN

\4

Results

4

Successive
Approximation
Register (SAR)

and DAC

' EEEXEEXEX

EEEEXEX

Sample & Hold

L/ >

$ Comparator

Figure 4-1. ATD10B16C Block Diagram
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.2  External Signal Description
This section lists all inputs to the ATD10B16C block.

421 ANx (x =15, 14,13,12,11,10,9,8,7,6, 5,4, 3, 2,1,0) — Analog Input
Channel x Pins

This pin serves as the analog input chamn#lcan also be conbgured as general-purpose digital input
and/or external trigger for the ATD conversion.

4.2.2 ETRIG3, ETRIGZ2, ETRIG1, ETRIGO — External Trigger Pins

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

Refer to theDevice Overviewchapter for availability and connectivity of these inputs.

4.2.3 Vgry, VgL — High Reference Voltage Pin, Low Reference Voltage Pin

VR is the high reference voltagerVis the low reference voltage for ATD conversion.

4.2.4  Vppa, Vssa — Analog Circuitry Power Supply Pins
These pins are the power supplies for the analog circuitry of the ATD10B16CV4 block.

4.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the ATD10B16C.

4.3.1 Module Memory Map
Table 4-1gives an overview of all ATD10B16C registers
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Table 4-1. ATD10B16CV4 Memory Map

Address Offset Use Access
0x0000 ATD Control Register 0 (ATDCTLO) R/W
0x0001 ATD Control Register 1 (ATDCTL1) R/W
0x0002 ATD Control Register 2 (ATDCTL2) R/W
0x0003 ATD Control Register 3 (ATDCTL3) R/W
0x0004 ATD Control Register 4 (ATDCTL4) R/W
0x0005 ATD Control Register 5 (ATDCTLS5) R/W
0x0006 ATD Status Register 0 (ATDSTATO) R/W
0x0007 Unimplemented
0x0008 ATD Test Register 0 (ATDTESTO)? R
0x0009 ATD Test Register 1 (ATDTEST1) R/W
0x000A ATD Status Register 2 (ATDSTAT2) R
0x000B ATD Status Register 1 (ATDSTAT1) R
0x000C ATD Input Enable Register 0 (ATDDIENO) R/W
0x000D ATD Input Enable Register 1 (ATDDIEN1) R/W
0x000E Port Data Register 0 (PORTADO) R
0x000F Port Data Register 1 (PORTAD1) R

0x0010, 0x0011 ATD Result Register 0 (ATDDROH, ATDDROL) R/W

0x0012, 0x0013 ATD Result Register 1 (ATDDR1H, ATDDR1L) R/W

0x0014, 0x0015 ATD Result Register 2 (ATDDR2H, ATDDR2L) R/W

0x0016, 0x0017 ATD Result Register 3 (ATDDR3H, ATDDR3L) R/W

0x0018, 0x0019 ATD Result Register 4 (ATDDR4H, ATDDRA4L) R/W

0x001A, 0x001B ATD Result Register 5 (ATDDR5H, ATDDR5L) R/W

0x001C, 0x001D ATD Result Register 6 (ATDDR6H, ATDDR6L) R/W

0x001E, 0x001F ATD Result Register 7 (ATDDR7H, ATDDR7L) R/W

0x0020, 0x0021 ATD Result Register 8 (ATDDR8H, ATDDRSL) R/W

0x0022, 0x0023 ATD Result Register 9 (ATDDR9H, ATDDRIL) R/W

0x0024, 0x0025 ATD Result Register 10 (ATDDR10H, ATDDR10L) R/W

0x0026, 0x0027 ATD Result Register 11 (ATDDR11H, ATDDR11L) R/W

0x0028, 0x0029 ATD Result Register 12 (ATDDR12H, ATDDR12L) R/W

0x002A, 0x002B ATD Result Register 13 (ATDDR13H, ATDDR13L) R/W

0x002C, 0x002D ATD Result Register 14 (ATDDR14H, ATDDR14L) R/W

0x002E, 0x002F ATD Result Register 15 (ATDDR15H, ATDDR15L) R/W

1 ATDTESTO is intended for factory test purposes only.

NOTE

Register Address = Base Address + Address Offset, where the Base Address
is debPned at the MCU level and the Address Offset is debPned at the module

level.
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4.3.2

This section describes in address order all the ATD10B16C registers and their individual bits.

Register
Name

0x0000
ATDCTLO

0x0001
ATDCTL1

0x0002
ATDCTL2

0x0003
ATDCTL3

0x0004
ATDCTL4

0x0005
ATDCTLS5

0x0006
ATDSTATO

0x0007
Unimplemented

0x0008
ATDTESTO

0x0009
ATDTEST1

0x000A
ATDSTAT2

0x000B
ATDSTAT1

0x000C
ATDDIENO

=

ST =31 1M £ x;WM® £ TV £EXW®W =TXW =W =T

=

Register Descriptions

Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0
WRAP3 WRAP2 WRAP1 WRAPO
0 0 0
ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
ASCIF
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
0
S8C S4C S2C S1C FIFO FRZ1 FRZ0
SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
DJM DSGN SCAN MULT CD CcC CB CA
0 Ccc3 cc2 CC1 CCo
SCF ETORF FIFOR
Unimplemented
Unimplemented
| | SC
CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8

I:I = Unimplemented or Reserved

Figure 4-2. ATD Register Summary
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x000D R
ATDDIENL | 'EN7 IENG IENS IEN4 IEN3 IEN2 IEN1 IENO
OX000E R[ PTAD15 | PTAD14 | PTAD13 | PTAD12 | PTAD1L | PTADIO | PTAD9 | PTADS
PORTADO
O0X000F R[ PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTADL | PTADO
PORTAD1
R[BITOMSB| BITS BIT 7 BIT6 BITS BIT 4 BIT3 BIT 2
BIT7MSB| BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT O
0X0010-0X002F W
ATDDRxH—
ATDDRxL R[ BIT1 BIT O 0 0 0 0 0 0
u u 0 0 0 0 0 0
W

|:‘ = Unimplemented or Reserved u = Unaffected

Figure 4-2. ATD Register Summary (continued)

4.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

6 3 2 1 0
R 0 0 0 0
WRAP3 WRAP2 WRAP1 WRAPO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 4-3. ATD Control Register 0 (ATDCTLDO)
Read: Anytime
Write: Anytime
Table 4-2. ATDCTLO Field Descriptions

Field Description

3.0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[3:0] | multi-channel conversions. The coding is summarized in Table 4-3.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-3. Multi-Channel Wrap Around Coding

Multiple Channel Conversions
WRAP3 WRAP2 WRAP1 WRAPO | (MULT = 1) Wrap Around to ANO
after Converting
0 0 0 0 Reserved
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 ANG6
0 1 1 1 AN7
1 0 0 0 ANS8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 AN15

ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 3 2 1 0
R 0 0 0
ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 4-4. ATD Control Register 1 (ATDCTL1)

Read: Anytime

Write: Anytime

Table 4-4. ATDCTL1 Field Descriptions

ETRIGCH[3:0]

Field Description
7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG[3:0] inputs. See device specification for availability and connectivity of
ETRIG[3:0] inputs. If ETRIG[3:0] input option is not available, writing a 1 to ETRISEL only sets the bit but has
no effect, that means one of the AD channels (selected by ETRIGCH][3:0]) remains the source for external
trigger. The coding is summarized in Table 4-5.
3.0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG[3:0] inputs

as source for the external trigger. The coding is summarized in Table 4-5.
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Table 4-5. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External Trigger Source
0 0 0 0 0 ANO
0 0 0 0 1 AN1
0 0 0 1 0 AN2
0 0 0 1 1 AN3
0 0 1 0 0 AN4
0 0 1 0 1 AN5
0 0 1 1 0 ANG
0 0 1 1 1 AN7
0 1 0 0 0 AN8
0 1 0 0 1 AN9
0 1 0 1 0 AN10
0 1 0 1 1 AN11
0 1 1 0 0 AN12
0 1 1 0 1 AN13
0 1 1 1 0 AN14
0 1 1 1 1 AN15
1 0 0 0 0 ETRIGO!
1 0 0 0 1 ETRIG1?
1 0 0 1 0 ETRIG2!
1 0 0 1 1 ETRIG3!
1 0 1 X X Reserved
1 1 X X X Reserved

1 Only if ETRIG[3:0] input option is available (see device specification), else ETRISEL is ignored, that means
external trigger source remains on one of the AD channels selected by ETRIGCH[3:0]

4.3.2.3 ATD Control Register 2 (ATDCTL?2)

This register controls power down, interrupt and external trigger. Writes to this register will abort current
conversion sequence but will not start a new sequence.
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7 6 5 4 3 2 1 0
R ASCIF
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-5. ATD Control Register 2 (ATDCTL?2)

Read: Anytime

Write: Anytime

Table 4-6. ATDCTL2 Field Descriptions

Field Description
7 ATD Power Down — This bit provides on/off control over the ATD10B16C block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time
period after ADPU bit is enabled.
0 Power down ATD
1 Normal ATD functionality
6 ATD Fast Flag Clear All
AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register
to clear the associate CCF flag).
1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.
5 ATD Power Down in Wait Mode — When entering Wait Mode this bit provides on/off control over the
AWAI ATD10B16C block allowing reduced MCU power. Because analog electronic is turned off when powered down,
the ATD requires a recovery time period after exit from Wait mode.
0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during Wait mode
After exiting Wait mode with an interrupt conversion will resume. But due to the recovery time the result of
this conversion should be ignored.
4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE Table 4-7 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 4-7 for
ETRIGP details.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG[3:0] inputs as described in Table 4-5. If external trigger source is one of the AD channels, the digital
input buffer of this channel is enabled. The external trigger allows to synchronize the start of conversion with
external events.
0 Disable external trigger
1 Enable external trigger
1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.
0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 4.3.2.7, “ATD Status Register 0 (ATDSTATO0)"), else ASCIF reads zero. Writes have no effect.

0 No ATD interrupt occurred
1 ATD sequence complete interrupt pending
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Table 4-7. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling Edge
0 1 Ring Edge
1 0 Low Level
1 1 High Level
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4.3.2.4 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in Freeze
Mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

6 5 4 3 2 1 0
R 0
S8C S4C S2C S1C FIFO FRZ1 FRZO
w
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 4-8. ATDCTL3 Field Descriptions

Field Description
6 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 4-9 shows
S8C all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
5 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 4-9 shows
S4C all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
4 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 4-9 shows
S2C all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
3 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 4-9 shows
SicC all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
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Table 4-8. ATDCTL3 Field Descriptions (continued)

Field

Description

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, the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending 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 ATDSTATO) 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 by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is
continuos conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

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 4-10. 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.

Table 4-9. Conversion Sequence Length Coding

Number of Conversions
per Sequence

16

S8C

n
N
O
0
N
O
[%)]
Y
(@)

Ol | N[O P W|IN|PF

=
o

=
[N

=
N

[y
w

[EnY
iSS

Prlr|lr|r|Rr|+r|r|[r|o|lo|o|o|lo|olo]|o
Prlr|lr|r|lo|lo|lo|lo|lr|r|r|r|lo|lo|lo|o
Prlr|lo|o|lr|r|lo|lo|lr|r|lo|lo|lr|r|o|o
rlo|r|o|lr|o|lr|o|lr|o|lr|o|lr|olr]|o

[
(6]
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Table 4-10. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZ0 Behavior in Freeze Mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately
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4.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time an
the resolution of the A/D conversion (i.e., 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
SRESS SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
W
Reset 0 0 0 0 0 1 0 1

Figure 4-7. ATD Control Register 4 (ATDCTL4)
Read: Anytime
Write: Anytime
Table 4-11. ATDCTLA4 Field Descriptions

Field Description

7 A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
SRESS8 A/D converter has an accuracy of 10 bits. However, if low resolution is required, the conversion can be speeded
up by selecting 8-bit resolution.

0 10 bit resolution
1 8 bit resolution

6:5 Sample Time Select —These two bits select the length of the second phase of the sample time in units of ATD
SMPJ[1:0] conversion clock cycles. Note that the ATD conversion clock period is itself a function of the prescaler value
(bits PRS4-0). The sample time consists of two phases. The first phase is two ATD conversion clock cycles
long and transfers the sample quickly (via the buffer amplifier) onto the A/D machine’s storage node. The
second phase attaches the external analog signal directly to the storage node for final charging and high
accuracy. Table 4-12 lists the lengths available for the second sample phase.

4:0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:
_ [BusClock]
ATDclock = PRS+1] x0.5

Note: The maximum ATD conversion clock frequency is half the bus clock. The default (after reset) prescaler
value is 5 which results in a default ATD conversion clock frequency that is bus clock divided by 12.
Table 4-13 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 4-12. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Table 4-13. Clock Prescaler Values

Prescale Value Total Divisor Max. Bus Clock? Min. Bus Clock?
Value
00000 Divide by 2 4 MHz 1 MHz
00001 Divide by 4 8 MHz 2 MHz
00010 Divide by 6 12 MHz 3 MHz
00011 Divide by 8 16 MHz 4 MHz
00100 Divide by 10 20 MHz 5 MHz
00101 Divide by 12 24 MHz 6 MHz
00110 Divide by 14 28 MHz 7 MHz
00111 Divide by 16 32 MHz 8 MHz
01000 Divide by 18 36 MHz 9 MHz
01001 Divide by 20 40 MHz 10 MHz
01010 Divide by 22 44 MHz 11 MHz
01011 Divide by 24 48 MHz 12 MHz
01100 Divide by 26 52 MHz 13 MHz
01101 Divide by 28 56 MHz 14 MHz
01110 Divide by 30 60 MHz 15 MHz
01111 Divide by 32 64 MHz 16 MHz
10000 Divide by 34 68 MHz 17 MHz
10001 Divide by 36 72 MHz 18 MHz
10010 Divide by 38 76 MHz 19 MHz
10011 Divide by 40 80 MHz 20 MHz
10100 Divide by 42 84 MHz 21 MHz
10101 Divide by 44 88 MHz 22 MHz
10110 Divide by 46 92 MHz 23 MHz
10111 Divide by 48 96 MHz 24 MHz
11000 Divide by 50 100 MHz 25 MHz
11001 Divide by 52 104 MHz 26 MHz
11010 Divide by 54 108 MHz 27 MHz
11011 Divide by 56 112 MHz 28 MHz
11100 Divide by 58 116 MHz 29 MHz
11101 Divide by 60 120 MHz 30 MHz
11110 Divide by 62 124 MHz 31 MHz
11111 Divide by 64 128 MHz 32 MHz

1 Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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4.3.2.6 ATD Control Register 5 (ATDCTL5)

This register selects the type of conversion sequence and the analog input channels sampled. Writes to thi
register will abort current conversion sequence and start a new conversion sequence. If external trigger is
enabled (ETRIGE = 1) an initial write to ATDCTLS5 is required to allow starting of a conversion sequence
which will then occur on each trigger event. Start of conversion means the beginning of the sampling
phase.

7 6 5 4 3 2 1 0
R
DJM DSGN SCAN MULT CD CcC CB CA
w
Reset 0 0 0 0 0 0 0 0

Figure 4-8. ATD Control Register 5 (ATDCTLY5)

Read: Anytime
Write: Anytime
Table 4-14. ATDCTLS5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DIM See Section 4.3.2.16, “ATD Conversion Result Registers (ATDDRX)” for details.

0 Left justified data in the result registers.
1 Right justified data in the result registers.

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2's complement. Signed
data is not available in right justification. See <st-bold>4.3.2.16 ATD Conversion Result Registers (ATDDRX)

for details.

0 Unsigned data representation in the result registers.
1 Signed data representation in the result registers.

Table 4-15 summarizes the result data formats available and how they are set up using the control bits.

Table 4-16 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once. If external trigger is enabled (ETRIGE=1) setting this bit has no effect, that means
each trigger event starts a single conversion sequence.

0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the
MULT specified analog input channel for an entire conversion sequence. The analog channel is selected by channel
selection code (control bits CD/CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller
samples across channels. The number of channels sampled is determined by the sequence length value (S8C,
S4C, S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA
control bits); subsequent channels sampled in the sequence are determined by incrementing the channel
selection code or wrapping around to ANO (channel 0.

0 Sample only one channel
1 Sample across several channels
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Table 4-14. ATDCTL5 Field Descriptions (continued)

Field Description
3.0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
C[D:A} sampled and converted to digital codes. Table 4-17 lists the coding used to select the various analog input

channels.
In the case of single channel conversions (MULT = 0), this selection code specified the channel to be examined.

In the case of multiple channel conversions (MULT = 1), this selection code represents the first channel to be
examined in the conversion sequence. Subsequent channels are determined by incrementing the channel
selection code or wrapping around to ANO (after converting the channel defined by the Wrap Around Channel
Select Bits WRAP[3:0] in ATDCTLO). In case starting with a channel number higher than the one defined by
WRAP[3:0] the first wrap around will be AN15 to ANO.

Table 4-15. Available Result Data Formats.

SRES8 DJM DSGN DescriEﬁzﬁlgr?(?tgqu?rBTtal\tﬂsapping

1 0 0 8-bit / left justified / unsigned — bits 15:8

1 0 1 8-bit / left justified / signed — bits 15:8

1 1 X 8-bit / right justified / unsigned — bits 7:0

0 0 0 10-bit / left justified / unsigned — bits 15:6

0 0 1 10-bit / left justified / signed -— bits 15:6

0 1 X 10-bit / right justified / unsigned — bits 9:0
Table 4-16. Left Justified, Signed and Unsigned ATD Output Codes.

\I/nRFI)_u:t Sl\g/;?; Signed quigned Si.gned Un;igned
Vep = 5.12 Volts 8-Bit Codes 8-Bit Codes 10-Bit Codes 10-Bit Codes
5.120 Volts TF FF 7FCO FFCO

5.100 7F FF 7F00 FFOO
5.080 7E FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF TF FFOO 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000
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Table 4-17. Analog Input Channel Select Coding

cD cc CB CA Analog Input
Channel
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 ANS5
0 1 1 0 ANG
0 1 1 1 AN7
1 0 0 0 AN8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 AN15
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4.3.2.7 ATD Status Register 0 (ATDSTATO)

This read-only register contains the Sequence Complete Flag, overrun Rags for external trigger and FIFO
mode, and the conversion counter.

7 6 5 4 3 2 1 0
R 0 CC3 Ccc2 CC1 CCo
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-9. ATD Status Register 0 (ATDSTATO)

Read: Anytime

Write: Anytime (No effect on CCJ[3:0])
Table 4-18. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is

cleared when one of the following occurs:
e Write “1” to SCF
* Write to ATDCTL5 (a new conversion sequence is started)
« If AFFC = 1 and read of a result register

0 Conversion sequence not completed

1 Conversion sequence has completed

5 External Trigger Overrun Flag —While in edge trigger mode (ETRIGLE = 0), if additional active edges are
ETORF detected while a conversion sequence is in process the overrun flag is set. This flag is cleared when one of the
following occurs:

* Write “1” to ETORF

« Write to ATDCTLO,1,2,3,4 (a conversion sequence is aborted)

« Write to ATDCTL5 (a new conversion sequence is started)

0 No External trigger over run error has occurred
1 External trigger over run error has occurred
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Table 4-18. ATDSTATO Field Descriptions (continued)

Field Description
4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because

the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:

e Write “1” to FIFOR

« Start a new conversion sequence (write to ATDCTL5 or external trigger)
0 No over run has occurred
1 Overrun condition exists (result register has been written while associated CCFx flag remained set)

3.0 Conversion Counter — These 4 read-only bits are the binary value of the conversion counter. The conversion
CCJ[3:0} counter points to the result register that will receive the result of the current conversion. For example, CC3 = 0,
CC2=1,CC1 =1, CCO =0 indicates that the result of the current conversion will be in ATD Result Register 6.
If in non-FIFO mode (FIFO = 0) the conversion counter is initialized to zero at the begin and end of the
conversion sequence. If in FIFO mode (FIFO = 1) the register counter is not initialized. The conversion
counters wraps around when its maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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4.3.2.8 Reserved Register 0 (ATDTESTO)

7 6 5 4 3 2 1 0
R u u u u u u u u
W
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 4-10. Reserved Register 0 (ATDTESTO)
Read: Anytime, returns unpredictable values
Write: Anytime in special modes, unimplemented in normal modes

NOTE
Writing to this register when in special modes can alter functionality.

4.3.2.9 ATD Test Register 1 (ATDTEST1)

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

7 6 5 4 3 2 1 0
R u u u u u u u
SC
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 4-11. Reserved Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for bit 7 and bit 6
Write: Anytime

NOTE
Writing to this register when in special modes can alter functionality.

Table 4-19. ATDTEST1 Field Descriptions

Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using
SC CC, CB, and CA of ATDCTL5. Table 4-20 lists the coding.

0 Special channel conversions disabled
1 Special channel conversions enabled
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Table 4-20. Special Channel Select Coding

SC

CcC CB CA Analog Input Channel

Reserved

VRH

VRL

(VRutVRL) /2

Reserved

RlRrRr[Rr|R|R

r|lo|lo|lo|o|o
X|lkRr|lR|RP|RL|O
X|lr|lr|o|lof X
X|lrr|loOo|lr|Of X

Reserved

4.3.2.10 ATD Status Register 2 (ATDSTAT2)
This read-only register contains the Conversion Complete Flags CCF15 to CCF8.

7 6 5 4 3 2 1 0
R CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-12. ATD Status Register 2 (ATDSTAT?2)

Read: Anytime

Write: Anytime, no effect

Table 4-21. ATDSTAT2 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[15:8] [conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCF8 is set when the ninth conversion in a sequence is complete and the result
is available in result register ATDDR8; CCF9 is set when the tenth conversion in a sequence is complete and
the result is available in ATDDRY, and so forth. A flag CCFx (x = 15, 14, 13, 12, 11, 10, 9, 8) is cleared when
one of the following occurs:

« Write to ATDCTL5 (a new conversion sequence is started)

* If AFFC = 0 and read of ATDSTAT2 followed by read of result register ATDDRX

e If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRX
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4.3.2.11 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the Conversion Complete Flags CCF7 to CCFO

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-13. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect

Table 4-22. ATDSTAT1 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[7:0] conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCFO is set when the first conversion in a sequence is complete and the result is
available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is complete and
the result is available in ATDDR1, and so forth. A CCF flag is cleared when one of the following occurs:

« Write to ATDCTL5 (a new conversion sequence is started)

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

e If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.

Conversion number x not completed
Conversion number x has completed, result ready in ATDDRXx
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4.3.2.12 ATD Input Enable Register O (ATDDIENO)

R
IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8
w
Reset 0 0 0 0 0 0 0 0

Figure 4-14. ATD Input Enable Register 0 (ATDDIENO)
Read: Anytime

Write: anytime

Table 4-23. ATDDIENO Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[15:8] pin (ANX) to PTADXx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADX.
Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

4.3.2.13 ATD Input Enable Register 1 (ATDDIENL1)

7 6 5 4 3 2 1 0
R
IEN7 IENG IEN5 IEN4 IEN3 IEN2 IEN1 IENO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-15. ATD Input Enable Register 1 (ATDDIEN1)
Read: Anytime

Write: Anytime

Table 4-24. ATDDIENL1 Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[7:0] pin (ANX) to PTADXx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADx.
Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.
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4.3.2.14 Port Data Register 0 (PORTADO)

The data port associated with the ATD is input-only. The port pins are shared with the analog A/D inputs
AN[15:8].

7 6 5 4 3 2 1 0
R| PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS8
w
Reset 1 1 1 1 1 1 1 1
Functli:;ig AN15 AN14 AN13 AN12 AN11 AN10 AN9 ANS

= Unimplemented or Reserved

Figure 4-16. Port Data Register 0 (PORTADO)
Read: Anytime
Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 4-25. PORTADO Field Descriptions

Field Description

7:0 A/D Channel x (ANx) Digital Input Bits— If the digital input buffer on the ANx pin is enabled (IENx = 1) or
PTAD[15:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANXx pin (signal potentials not meeting V,_or V| specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“1".

Reset sets all PORTADO bits to “1”.
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4.3.2.15 Port Data Register 1 (PORTAD1)

The data port associated with the ATD is input-only. The port pins are shared with the analog A/D inputs
AN7-0.

7 6 5 4 3 2 1 0
R| PTAD? PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
Reset 1 1 1 1 1 1 1 1
FunctiF;iE AN'7 ANG ANS AN4 AN3 AN2 AN1 ANO

= Unimplemented or Reserved

Figure 4-17. Port Data Register 1 (PORTAD1)
Read: Anytime
Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 4-26. PORTADL1 Field Descriptions

Field Description

7:0 A/D Channel x (ANx) Digital Input Bits — If the digital input buffer on the ANXx pin is enabled (IENx=1) or
PTAD[7:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANX pin (signal potentials not meeting V,_or V|4 specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“l”.

Reset sets all PORTAD1 bits to “1".
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4.3.2.16 ATD Conversion Result Registers (ATDDRXx)

The A/D conversion results are stored in 16 read-only result registers. The result data is formatted in the
result registers bases on two criteria. First there is left and right justibPcation; this selection is made using
the DJM control bitin ATDCTLS5. Second there is signed and unsigned data; this selection is made using
the DSGN control bitin ATDCTLS5. Signed data is stored in 20s complement format and only exists in left
justibped format. Signed data selected for right justibed format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

4.3.2.16.1 Left Justified Result Data

7 6 5 4 3 2 1 0
R (10-BIT)| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
R (8-BIT)| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-18. Left Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6
R (10-BIT)| BIT1 BIT O 0 0 0 0 0 0
R (8-BIT) u u 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 4-19. Left Justified, ATD Conversion Result Register x, Low Byte (ATDDRxL)
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4.3.2.16.2 Right Justified Result Data

1 0
R (10-BIT) 0 0 0 0 0 0 BIT 9 MSB BIT 8
R (8-BIT) 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-20. Right Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R (10-BIT) BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
R (8-BIT)| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-21. Right Justified, ATD Conversion Result Register x, Low Byte (ATDDRXxL)

4.4  Functional Description
The ATD10B16C is structured in an analog and a digital sub-block.

4.4.1 Analog Sub-block

The analog sub-block contains all analog electronics required to perform a single conversion. Separate
power supplies ¥pa and Vgga allow to isolate noise of other MCU circuitry from the analog sub-block.

44.1.1 Sample and Hold Machine

The sample and hold (S/H) machine accepts analog signals from the external world and stores them as
capacitor charge on a storage node.

The sample process uses a two stage approach. During the Prst stage, the sample ampliPer is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics continue
drawing their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks
and the analog power consumption.

The input analog signals are unipolar and must fall within the potential rangg;9td/VDDA.
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4.4.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 16 external analog input channels to the sample and hold
machine.

4.4.1.3 Sample Buffer Amplifier

The sample ampliber is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

4.4.1.4 Analog-to-Digital (A/D) Machine

The A/D machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored analog sample potential with a series of digitally generated analog potentials. By following a binary
search algorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disables its own clocks. The analog electronics continue drawing
quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog
power consumption.

Only analog input signals within the potential range @fi Mo Vi (A/D reference potentials) will result
in a non-railed digital output codes.

4.4.2 Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all details.

4421 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
events rather than relying on software to signal the ATD module when ATD conversions are to take place.
The external trigger signal (out of reset ATD channel 15, conbgurable in ATDCTL1) is programmable to
be edge or level sensitive with polarity contii@ble 4-27gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

Table 4-27. External Trigger Control Bits

ETRIGLE | ETRIGP | ETRIGE | SCAN Description

X X 0 0 Ignores external trigger. Performs one conversion sequence and stops.

Ignores external trigger. Performs continuous conversion sequences.

Falling edge triggered. Performs one conversion sequence per trigger.

Rising edge triggered. Performs one conversion sequence per trigger.

Trigger active low. Performs continuous conversions while trigger is active.

R|lRr|O|O]| X

X 0
0 1
1 1
0 1
1 1

X[ X|[X]|X]| P

Trigger active high. Performs continuous conversions while trigger is active.

During a conversion, if additional active edges are detected the overrun error ag ETORF is set.

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 153



Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

In either level or edge triggered modes, the brst conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

After ETRIGE is enabled, conversions cannot be started by a write to ATDCTL5, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a conversior
sequence, this does not constitute an overrun. Therefore, the 3ag is not set. If the trigger remains asserte
in level mode while a sequence is completing, another sequence will be triggered immediately.

4.4.2.2 General-Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply external
input data that can be accessed through the digital port registers (PORTADO & PORTAD1) (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD10B16C. The input pad signal is buffered to the digital port registers. This
buffer can be turned on or off with the ATDDIENO & ATDDIEN1 register. This is important so that the
buffer does not draw excess current when analog potentials are presented at its input.

4.4.3 Operation in Low Power Modes

The ATD10B16C can be conbgured for lower MCU power consumption in three different ways:

¥ Stop Mode
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.
Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This halts any conversion sequence in progress. During recovery from stop mode
there must be a minimum delay for the stop recovery tygpbédfore initiating a new ATD
conversion sequence.

¥  Wait Mode
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.
Entering wait mode, the ATD conversion either continues or halts for low power depending on the
logical value of the AWAIT bit.

¥ Freeze Mode
Writing ADPU = 0 (Note that all ATD registers remain accessible.): This aborts any A/D
conversion in progress.
In freeze mode, the ATD10B16C will behave according to the logical values of the FRZ1 and FRZ0
bits. This is useful for debugging and emulation.

NOTE

The reset value for the ADPU bit is zero. Therefore, when this module is
reset, it is reset into the power down state.
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4.5 Resets

At reset the ATD10B16C is in a power down state. The reset state of each individual bit is listed within
Section 4.3, OMemory Map and Register Debnidwhich details the registers and their bit pelds.

4.6 Interrupts

The interrupt requested by the ATD10B16C is listedanle 4-28 Refer to MCU specibcation for related
vector address and priority.

Table 4-28. ATD Interrupt Vectors

Interrupt Source CCR Mask Local Enable
Sequence Complete Interrupt | bit ASCIE in ATDCTL2

SeeSection 4.3.2, ORegister Descripti@fier further details.
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Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV?2)

51 Introduction

The ATD10B8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specibcations for ATD accuracy.

5.1.1 Features

8/10-bit resolution

7usec, 10-bit single conversion time

Sample buffer ampliper

Programmable sample time

Left/right justiPed, signed/unsigned result data
External trigger control

Conversion completion interrupt generation
Analog input multiplexer for 8 analog input channels
Analog/digital input pin multiplexing

1-to-8 conversion sequence lengths
Continuous conversion mode

Multiple channel scans

Conbgurable external trigger functionality on any AD channel or any of four additional external
trigger inputs. The four additional trigger inputs can be chip external or internal. Refer to the device
overview chapter for availability and connectivity.

¥ Conbgurable location for channel wrap around (when converting multiple channels in a sequence)

K K K K K K K K K K K K

5.1.2 Modes of Operation

51.2.1 Conversion Modes

There is software programmable selection between performing single or continuous conversion on a single
channel or multiple channels.
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5.1.2.2 MCU Operating Modes

¥ Stop mode

Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This aborts any conversion sequence in progress. During recovery from stop mode,
there must be a minimum delay for the stop recovery tygbdfore initiating a new ATD

conversion sequence.

¥ Wait mode

Entering wait mode the ATD conversion either continues or aborts for low power depending on the
logical value of the AWAIT bit.

¥ Freeze mode

In freeze mode the ATD will behave according to the logical values of the FRZ1 and FRZO bits.
This is useful for debugging and emulation.

5.1.3 Block Diagram
Figure 5-1shows a block diagram of the ATD.

5.2  External Signal Description
This section lists all inputs to the ATD block.

5.2.1 ANx (x =7,6,5, 4, 3, 2,1, 0) — Analog Input Pin

This pin serves as the analog input chanadt can also be conbgured as general purpose digital port pin
and/or external trigger for the ATD conversion.

5.2.2 ETRIG3, ETRIG2, ETRIG1, and ETRIGO — External Trigger Pins
These inputs can be conbgured to serve as an external trigger for the ATD conversion.

Refer to the device overview chapter for availability and connectivity of these inputs.

5.2.3 Vgiyand Vi — High and Low Reference Voltage Pins

V Ry is the high reference voltage ang,\Ms the low reference voltage for ATD conversion.

524  Vppp and Vggp — Power Supply Pins

These pins are the power supplies for the analog circuitry of the ATD block.
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Figure 5-1. ATD Block Diagram

MC9S12XDP512 Data Sheet, Rev. 2.21

>
>

Comparator

Freescale Semiconductor

161



Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

5.3 Memory Map and Register Definition

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

53.1 Module Memory Map
Figure 5-2gives an overview of all ATD registers.

NOTE

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

53.2 Register Descriptions

This section describes in address order all the ATD registers and their individual bits.

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDCTLO R 0 0 0 0 0
W WRAP2 WRAP1 WRAPO
ATDCTL1 R 0 0 0 0
W ETRIGSEL ETRIGCH2 |ETRIGCH1|ETRIGCHO
ATDCTL2 R ASCIF
W ADPU AFFC AWAI ETRIGLE | ETRIGP | ETRIGE ASCIE
ATDCTL3 R 0
W S8C S4cC S2C Si1cC FIFO FRZ1 FRZ0
ATDCTL4 R
W SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
ATDCTL5 R 0
W DJIM DSGN SCAN MULT ccC CB CA
ATDSTATO R 0 0 cc2 Ccc1i CCo
SCF ETORF FIFOR
w
Unimplemente R
d w
ATDTESTO R u U U u u U u u
w
ATDTEST1 R u U 0 0 0 0 0 sc
w

|:| = Unimplemented or Reserved

Figure 5-2. ATD Register Summary (Sheet 1 of 5)
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Bit 7 6 5 4 3 2 1 Bit 0

CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
IEN7 IENG6 IENS IEN4 IEN3 IEN2 IEN1 IENO
PTAD7 PTADG PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO

Left Justified Result Data

Note: The read portion of the left justified result data registers has been divided to show the bit position when reading 10-bit and
8-bit conversion data. For more detailed information refer to Section 5.3.2.13, “ATD Conversion Result Registers

(ATDDRX)".
ATDDROH 10-BIT|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
w
ATDDROL 10-BIT BIT 1 BIT O 0 0 0 0 0 0
8-BIT u U 0 0 0 0 0 0
W
ATDDR1H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDDRI1L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT U U 0 0 0 0 0 0
w
ATDDR2H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
ATDDR2L 10-BIT BIT 1 BIT O 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
w
ATDDR3H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
w
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 2 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDR3L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDR4H 10-BIT|BIT9MSB| BITS8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W
ATDDRA4L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u U 0 0 0 0 0 0
w
ATDD45H 10-BIT{BIT9MSB| BIT8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W
ATDDA45L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDD46H 10-BIT{BIT9MSB| BIT8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W
ATDDR6L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDA47H 10-BIT|BIT9MSB| BITS8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W
ATDDA47L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u U 0 0 0 0 0 0
w

Right Justified Result Data

Note: The read portion of the right justified result data registers has been divided to show the bit position when reading 10-bit
and 8-bit conversion data. For more detailed information refer to Section 5.3.2.13, “ATD Conversion Result Registers

(ATDDRX)”.
ATDDROH 10-BIT 0 0 0 0 0 0 BIT9MSB| BITS
8-BIT 0 0 0 0 0 0 0 0
W
ATDDROL 10-BIT| BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W

|:| = Unimplemented or Reserved

Figure 5-2. ATD Register Summary (Sheet 3 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDR1H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR1L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
w
ATDDR2H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR2L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
ATDDR3H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR3L 10-BIT| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
ATDDR4H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDRA4L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
w
ATDDA45H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDA45L 10-BIT| BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
ATDD46H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR6L 10-BIT| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 4 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDA47H 10-BIT 0 0 0 0 0 0 BITOMSB| BIT8
8-BIT 0 0 0 0 0 0 0 0

W
ATDDA7L 10-BIT[ BT 7 BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O

8-BIT

|:| = Unimplemented or Reserved

Figure 5-2. ATD Register Summary (Sheet 5 of 5)

5.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R 0 0 0 0
W WRAP2 WRAP1 WRAPO
Reset 0 0 0 0 0 1 1 1

|:|: Unimplemented or Reserved

Figure 5-3. ATD Control Register 0 (ATDCTLDO)
Read: Anytime
Write: Anytime
Table 5-1. ATDCTLO Field Descriptions

Field Description

2-0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[2:0] |multi-channel conversions. The coding is summarized in Table 5-2.

Table 5-2. Multi-Channel Wrap Around Coding

wrapa | wrapy | wrazo |Viibie Shenne Coorsons (0T~
0 0 0 Reserved
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 ANS5
1 1 0 ANG6
1 1 1 AN7
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5.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
0 0
W ETRIGSEL ETRIGCH2 | ETRIGCH1 | ETRIGCHO
Reset 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 5-4. ATD Control Register 1 (ATDCTL1)
Read: Anytime
Write: Anytime
Table 5-3. ATDCTL1 Field Descriptions

Field Description

7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG3-0 inputs. See the device overview chapter for availability and connectivity of
ETRIG3-0 inputs. If ETRIG3-0 input option is not available, writing a 1 to ETRISEL only sets the bit but has
not effect, that means still one of the AD channels (selected by ETRIGCH2-0) is the source for external trigger.
The coding is summarized in Table 5-4.

20 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG3-0 inputs
ETRIGCH][2:0] | as source for the external trigger. The coding is summarized in Table 5-4.

Table 5-4. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External trigger source is
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 AN6
0 1 1 1 AN7
1 0 0 0 ETRIGO!
1 0 0 1 ETRIG1!
1 0 1 0 ETRIG2!
1 0 1 1 ETRIG3!
1 1 X X Reserved

1 Only if ETRIG3-0 input option is available (see device overview chapter), else ETRISEL is
ignored, that means external trigger source is still on one of the AD channels selected by
ETRIGCH2-0
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5.3.2.3 ATD Control Register 2 (ATDCTL?2)

This register controls power down, interrupt and external trigger. Writes to this register will abort current

conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
ASCIF
W ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 5-5. ATD Control Register 2 (ATDCTL?2)

Read: Anytime

Write: Anytime

Table 5-5. ATDCTL2 Field Descriptions

Field Description
7 ATD Power Up — This bit provides on/off control over the ATD block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time
period after ADPU bit is enabled.
0 Power down ATD
1 Normal ATD functionality
6 ATD Fast Flag Clear All
AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register to
clear the associate CCF flag).
1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.
5 ATD Power Down in Wait Mode — When entering wait mode this bit provides on/off control over the ATD block
AWAI allowing reduced MCU power. Because analog electronic is turned off when powered down, the ATD requires
a recovery time period after exit from Wait mode.
0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during wait mode
After exiting wait mode with an interrupt conversion will resume. But due to the recovery time the result of
this conversion should be ignored.
4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE Table 5-6 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 5-6 for
ETRIGP details.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG3-0 inputs as described in Table 5-4. If external trigger source is one of the AD channels, the digital
input buffer of this channel is enabled. The external trigger allows to synchronize sample and ATD conversions
processes with external events.
0 Disable external trigger
1 Enable external trigger
Note: If using one of the AD channel as external trigger (ETRIGSEL = 0) the conversion results for this channel
have no meaning while external trigger mode is enabled.
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Table 5-5. ATDCTL2 Field Descriptions (continued)

Field Description

1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.

0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 5.3.2.7, “ATD Status Register 0 (ATDSTATO0)"), else ASCIF reads zero. Writes have no effect.
0 No ATD interrupt occurred
1 ATD sequence complete interrupt pending

Table 5-6. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling edge
0 1 Rising edge
1 0 Low level
1 1 High level

5.3.24 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in freeze
mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
W S8C S4C S2C SicC FIFO FRZ1 FRZO
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 5-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 5-7. ATDCTL3 Field Descriptions

Field Description

6-3 Conversion Sequence Length — These bits control the number of conversions per sequence. Table 5-8 shows
S8C, S4C, |all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
S2C, S1C | Family.
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Table 5-7. ATDCTL3 Field Descriptions (continued)

Field Description
2 Result Register FIFO Mode — If this bit is zero (non-FIFO mode), the A/D conversion results map into the result
FIFO registers based on the conversion sequence; the result of the first conversion appears in the first result register,

the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending 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 (CC2-0 in ATDSTATO) 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 by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is continuos
conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

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 Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
FRZ[1:0] |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 5-9. 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.

Table 5-8. Conversion Sequence Length Coding

s8C S4C s2c s1C N”mt;irr Osfe(;zg‘éif'o”s
0 0 0 0 8
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 X X X 8

Table 5-9. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZ0 Behavior in Freeze Mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately
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5.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time an
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
W SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
Reset 0 0 0 0 0 1 0 1

Figure 5-7. ATD Control Register 4 (ATDCTLA4)
Read: Anytime
Write: Anytime
Table 5-10. ATDCTLA4 Field Descriptions

Field Description

7 A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
SRESS8 A/D converter has an accuracy of 10 bits; however, if low resolution is required, the conversion can be speeded
up by selecting 8-bit resolution.

0 10-bit resolution
8-bit resolution

6-5 Sample Time Select — These two bits select the length of the second phase of the sample time in units of
SMP[1:0] ATD conversion clock cycles. Note that the ATD conversion clock period is itself a function of the prescaler
value (bits PRS4-0). The sample time consists of two phases. The first phase is two ATD conversion clock
cycles long and transfers the sample quickly (via the buffer amplifier) onto the A/D machine’s storage node.
The second phase attaches the external analog signal directly to the storage node for final charging and high
accuracy. Table 5-11 lists the lengths available for the second sample phase.

4-0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:

K = [BusClock]

ATDcloc m

x0.5

Note: The maximum ATD conversion clock frequency is half the bus clock. The default (after reset) prescaler
value is 5 which results in a default ATD conversion clock frequency that is bus clock divided by 12.
Table 5-12 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 5-11. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Table 5-12. Clock Prescaler Values

Prescale Value Total Divisor Max. Bus Clock? Min. Bus Clock?
Value
00000 Divide by 2 4 MHz 1 MHz
00001 Divide by 4 8 MHz 2 MHz
00010 Divide by 6 12 MHz 3 MHz
00011 Divide by 8 16 MHz 4 MHz
00100 Divide by 10 20 MHz 5 MHz
00101 Divide by 12 24 MHz 6 MHz
00110 Divide by 14 28 MHz 7 MHz
00111 Divide by 16 32 MHz 8 MHz
01000 Divide by 18 36 MHz 9 MHz
01001 Divide by 20 40 MHz 10 MHz
01010 Divide by 22 44 MHz 11 MHz
01011 Divide by 24 48 MHz 12 MHz
01100 Divide by 26 52 MHz 13 MHz
01101 Divide by 28 56 MHz 14 MHz
01110 Divide by 30 60 MHz 15 MHz
01111 Divide by 32 64 MHz 16 MHz
10000 Divide by 34 68 MHz 17 MHz
10001 Divide by 36 72 MHz 18 MHz
10010 Divide by 38 76 MHz 19 MHz
10011 Divide by 40 80 MHz 20 MHz
10100 Divide by 42 84 MHz 21 MHz
10101 Divide by 44 88 MHz 22 MHz
10110 Divide by 46 92 MHz 23 MHz
10111 Divide by 48 96 MHz 24 MHz
11000 Divide by 50 100 MHz 25 MHz
11001 Divide by 52 104 MHz 26 MHz
11010 Divide by 54 108 MHz 27 MHz
11011 Divide by 56 112 MHz 28 MHz
11100 Divide by 58 116 MHz 29 MHz
11101 Divide by 60 120 MHz 30 MHz
11110 Divide by 62 124 MHz 31 MHz
11111 Divide by 64 128 MHz 32 MHz

1 Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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5.3.2.6 ATD Control Register 5 (ATDCTL5)

This register selects the type of conversion sequence and the analog input channels sampled. Writes to thi
register will abort current conversion sequence and start a new conversion sequence.

7 6 5 4 3 2 1 0
R 0
W DJM DSGN SCAN MULT CcC CB CA
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 5-8. ATD Control Register 5 (ATDCTLY5)

Read: Anytime
Write: Anytime
Table 5-13. ATDCTL5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJIM See Section 5.3.2.13, “ATD Conversion Result Registers (ATDDRX),” for details.

0 Left justified data in the result registers
1 Right justified data in the result registers

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2's complement. Signed
data is not available in right justification. See Section 5.3.2.13, “ATD Conversion Result Registers (ATDDRX),”
for details.

0 Unsigned data representation in the result registers

1 Signed data representation in the result registers

Table 5-14 summarizes the result data formats available and how they are set up using the control bits.
Table 5-15 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once.
0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the specified
MULT analog input channel for an entire conversion sequence. The analog channel is selected by channel selection
code (control bits CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller samples
across channels. The number of channels sampled is determined by the sequence length value (S8C, S4C,
S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA control
bits); subsequent channels sampled in the sequence are determined by incrementing the channel selection
code.

0 Sample only one channel
1 Sample across several channels

2-0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
CC, CB, CA |sampled and converted to digital codes. Table 5-16 lists the coding used to select the various analog input
channels. In the case of single channel scans (MULT = 0), this selection code specified the channel examined.
In the case of multi-channel scans (MULT = 1), this selection code represents the first channel to be examined
in the conversion sequence. Subsequent channels are determined by incrementing channel selection code;
selection codes that reach the maximum value wrap around to the minimum value.
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Table 5-14. Available Result Data Formats

SRESS8 DJM

DSGN

Result Data Formats
Description and Bus Bit Mapping

ool oll N
R OORFr OO

X P, O X P, O

8-bit / left justified / unsigned — bits 8-15
8-bit / left justified / sighed — bits 8-15
8-bit / right justified / unsigned — bits 0—7
10-bit / left justified / unsigned — bits 6-15
10-bit / left justified / signed — bits 6-15
10-bit / right justified / unsigned — bits 0-9

Table 5-15. Left Justified, Signed, and Unsigned ATD Output Codes

Input Signal Signed Unsigned Signed Unsigned
VgL = 0 Volts 8-Bit 8-Bit 10-Bit 10-Bit
Vgpy = 5.12 Volts Codes Codes Codes Codes
5.120 Volts 7F FF 7FCO FFCO
5.100 7F FF 7F00 FFOO
5.080 TE FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF TF FFOO 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000

Table 5-16. Analog Input Channel Select Coding

(@)
(@)
(@)
oy]

0O
>

Analog Input
Channel

ANO

AN1

AN2

AN3

AN4

ANS

ANG6

RP|lkR|IFP|IPIO|OC|O|O
PP O|O|FR|FL|O|O

R|O|FRP|O|FL|O|F]|O

AN7

MC9S12XDP512 Data Sheet, Rev. 2.21

174

Freescale Semiconductor



Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

5.3.2.7 ATD Status Register 0 (ATDSTATO)

This read-only register contains the sequence complete Rag, overrun 3ags for external trigger and FIFO
mode, and the conversion counter.

7 6 5 4 3 2 1 0
R 0 0 CC2 CC1 CCo
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 5-9. ATD Status Register 0 (ATDSTATO)
Read: Anytime

Write: Anytime (No effect on (CC2, CC1, CCO0))
Table 5-17. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is

cleared when one of the following occurs:
A) Write “1”" to SCF
B) Write to ATDCTLS5 (a new conversion sequence is started)
C) If AFFC=1 and read of a result register

0 Conversion sequence not completed

1 Conversion sequence has completed

5 External Trigger Overrun Flag — While in edge trigger mode (ETRIGLE = 0), if additional active edges are
ETORF detected while a conversion sequence is in process the overrun flag is set. This flag is cleared when one of the
following occurs:
A) Write “1” to ETORF
B) Write to ATDCTL2, ATDCTL3 or ATDCTL4 (a conversion sequence is aborted)
C) Write to ATDCTL5 (a new conversion sequence is started)

0 No External trigger over run error has occurred

1 External trigger over run error has occurred

4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:

A) Write “1” to FIFOR

B) Start a new conversion sequence (write to ATDCTLS5 or external trigger)
0 No over run has occurred
1 An over run condition exists

2-0 Conversion Counter — These 3 read-only bits are the binary value of the conversion counter. The conversion
CCJ[2:0] counter points to the result register that will receive the result of the current conversion. E.g. CC2=1,CC1 =1,
CCO0 = 0 indicates that the result of the current conversion will be in ATD result register 6. If in non-FIFO mode
(FIFO = 0) the conversion counter is initialized to zero at the begin and end of the conversion sequence. If in
FIFO mode (FIFO = 1) the register counter is not initialized. The conversion counters wraps around when its
maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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5.3.2.8 Reserved Register (ATDTESTO)
7 6 5 4 3 2 1 0
R U u u u u U U U
w
Reset 1 0 0 0 0 0 0 0
|:|: Unimplemented or Reserved
Figure 5-10. Reserved Register (ATDTESTO)
Read: Anytime, returns unpredictable values
Write: Anytime in special modes, unimplemented in normal modes
NOTE
Writing to this register when in special modes can alter functionality.
5.3.2.9 ATD Test Register 1 (ATDTEST1)
This register contains the SC bit used to enable special channel conversions.
7 6 5 4 3 2 1 0
R u 0 0
sc
W
Reset 0 0 0 0 0 0 0 0

|:‘= Unimplemented or Reserved

Figure 5-11. ATD Test Register 1 (ATDTEST1)

Read: Anytime, returns unpredictable values for Bit7 and Bit6

Write: Anytime

Table 5-18. ATDTEST1 Field Descriptions

Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using CC,
SC CB and CA of ATDCTLS5. Table 5-19 lists the coding.

0 Special channel conversions disabled

1 Special channel conversions enabled

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

Table 5-19. Special Channel Select Coding
SC CcC CB CA Analog Input Channel
1 0 X X Reserved
1 1 0 0 VRrH
1 1 0 1 VgL
1 1 1 0 (VrRutVRD) / 2
1 1 1 1 Reserved
MC9S12XDP512 Data Sheet, Rev. 2.21
176 Freescale Semiconductor




Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

5.3.2.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the conversion complete 3ags.

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-12. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect

Table 5-20. ATDSTAT1 Field Descriptions

Field Description
7-0 Conversion Complete Flag x (x =7, 6, 5, 4, 3, 2, 1, 0) — A conversion complete flag is set at the end of each
CCF[7:0] |conversion in a conversion sequence. The flags are associated with the conversion position in a sequence (and

also the result register number). Therefore, CCFO is set when the first conversion in a sequence is complete and
the result is available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is
complete and the result is available in ATDDR1, and so forth. A flag CCFx (x =7, 6, 5, 4, 3, 2,1, 70) is cleared
when one of the following occurs:

A) Write to ATDCTLS5 (a new conversion sequence is started)

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

C) If AFFC=1 and read of result register ATDDRXx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing by
methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRX
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5.3.2.11 ATD Input Enable Register (ATDDIEN)
7 6 5 4 3 2 1 0
R
W IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO
Reset 0 0 0 0 0 0 0 0
Figure 5-13. ATD Input Enable Register (ATDDIEN)
Read: Anytime
Write: Anytime
Table 5-21. ATDDIEN Field Descriptions
Field Description
7-0 ATD Digital Input Enable on channel x (x =7, 6, 5, 4, 3, 2, 1, 0) — This bit controls the digital input buffer from
IEN[7:0] the analog input pin (ANX) to PTADx data register.

0 Disable digital input buffer to PTADx

1 Enable digital input buffer to PTADx.

Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while
simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

5.3.2.12 Port Data Register (PORTAD)

The data port associated with the ATD can be conbgured as general-purpose I/O or input only, as specibel
in the device overview. The port pins are shared with the analog A/D inputs AN7DO.

7

6

5

4

3

2

1

R PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
wW
Reset 1 1 1 1 1 1 1 1
'.D'n AN7 ANG6 AN5 AN4 AN3 AN2 AN1 ANO
Function

|:|: Unimplemented or Reserved

Figure 5-14. Port Data Register (PORTAD)

Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general purpose digital input.

Table 5-22. PORTAD Field Descriptions

Field Description
7-0 A/D Channel x (ANx) Digital Input (x =7, 6,5, 4, 3, 2, 1, 0) — If the digital input buffer on the ANx pin is enabled
PTAD[7:0] |(IENx = 1) or channel x is enabled as external trigger (ETRIGE = 1,ETRIGCH[2-0] = x,ETRIGSEL = 0) read
returns the logic level on ANXx pin (signal potentials not meeting V,_or V| specifications will have an
indeterminate value).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a 1"
Reset sets all PORTADO bits to “1".
MC9S12XDP512 Data Sheet, Rev. 2.21
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5.3.2.13 ATD Conversion Result Registers (ATDDRX)

The A/D conversion results are stored in 8 read-only result registers. The result data is formatted in the
result registers based on two criteria. First there is left and right justibcation; this selection is made using
the DJM control bitin ATDCTLS5. Second there is signed and unsigned data; this selection is made using
the DSGN control bitin ATDCTLS5. Signed data is stored in 20s complement format and only exists in left
justibped format. Signed data selected for right justibed format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

5.3.2.13.1 Left Justified Result Data

7 6 5 4 3 2 1 0
R| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 10-bit data
R| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO 8-bit data
W
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 5-15. Left Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R BIT 1 BIT O 0 0 0 0 0 0
R U U 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 5-16. Left Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)

5.3.2.13.2 Right Justified Result Data

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 BIT 9 MSB BIT 8 10-bit data
R 0 0 0 0 0 0 0 0 8-bit data
W
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 5-17. Right Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO 10-bit data
R| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO 8-bit data
W
Reset 0 0 0 0 0 0 0 0

|:‘: Unimplemented or Reserved

Figure 5-18. Right Justified, ATD Conversion Result Register, Low Byte (ATDDRXxL)
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5.4  Functional Description

The ATD is structured in an analog and a digital sub-block.

54.1 Analog Sub-Block

The analog sub-block contains all analog electronics required to perform a single conversion. Separate
power supplies ¥pa and Vsga allow to isolate noise of other MCU circuitry from the analog sub-block.

54.1.1 Sample and Hold Machine

The sample and hold (S/H) machine accepts analog signals from the external surroundings and stores ther
as capacitor charge on a storage node.

The sample process uses a two stage approach. During the brst stage, the sample ampliber is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics still draw
their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the
analog power consumption.

The input analog signals are unipolar and must fall within the potential rangg,9td/Vppa.

54.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 8 external analog input channels to the sample and hold
machine.

54.1.3 Sample Buffer Amplifier

The sample ampliber is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

54.14 Analog-to-Digital (A/D) Machine

The A/D Machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored analog sample potential with a series of digitally generated analog potentials. By following a binary
search algorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disables its own clocks. The analog electronics still draws quiescent
current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog power
consumption.

Only analog input signals within the potential range @fi Mo Vi (A/D reference potentials) will result
in a non-railed digital output codes.
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5.4.2 Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all details.

54.2.1 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
events rather than relying on software to signal the ATD module when ATD conversions are to take place.
The external trigger signal (out of reset ATD channel 7, conbgurable in ATDCTL1) is programmable to
be edge or level sensitive with polarity conti@ble 5-23gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

Table 5-23. External Trigger Control Bits

ETRIGLE ETRIGP ETRIGE SCAN Description

X X 0 0 Ignores external trigger. Performs one
conversion sequence and stops.

X X 0 1 Ignores external trigger. Performs
continuous conversion sequences.

0 0 1 X Falling edge triggered. Performs one
conversion sequence per trigger.

0 1 1 X Rising edge triggered. Performs one
conversion sequence per trigger.

1 0 1 X Trigger active low. Performs
continuous conversions while trigger
is active.

1 1 1 X Trigger active high. Performs
continuous conversions while trigger
is active.

During a conversion, if additional active edges are detected the overrun error 3ag ETORF is set.

In either level or edge triggered modes, the brst conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

NOTE
The conversion results for the external trigger ATD channel 7 have no
meaning while external trigger mode is enabled.

Once ETRIGE is enabled, conversions cannot be started by a write to ATDCTL5, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a conversior
sequence, this does not constitute an overrun; therefore, the 3ag is not set. If the trigger is left asserted ir
level mode while a sequence is completing, another sequence will be triggered immediately.
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5.4.2.2 General Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply external
input data that can be accessed through the digital port register PORTAD (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD. The input pad signal is buffered to the digital port registers. This buffer
can be turned on or off with the ATDDIEN register. This is important so that the buffer does not draw
excess current when analog potentials are presented at its input.

5.4.2.3 Low Power Modes

The ATD can be conbgured 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.

55 Resets

Atresetthe ATD is in a power down state. The reset state of each individual bit is listed within the Register
Description section (segection 5.3, OMemory Map and Register DePni)ijonhich details the registers
and their bit-peld.

5.6 Interrupts

The interrupt requested by the ATD is listedliable 5-24 Refer to the device overview chapter for related
vector address and priority.

Table 5-24. ATD Interrupt Vectors

CCR
Interrupt Source Mask Local Enable
Sequence complete | bit ASCIE in ATDCTL2
interrupt

See register descriptions for further details.
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Chapter 6
XGATE (S12XGATEV2)

6.1 Introduction

The XGATE module is a peripheral co-processor that allows autonomous data transfers between the
MCUOs peripherals and the internal memories. It has a built in RISC core that is able to pre-process the
transferred data and perform complex communication protocols.

The XGATE module is intended to increase the MCUOs data throughput by lowering the S12X_CPUOs
interrupt load.

Figure 6-1gives an overview on the XGATE architecture.

This document describes the functionality of the XGATE module, including:
¥ XGATE registers3ection 6.3, OMemory Map and Register DebnifionO
XGATE RISC coreSection 6.4.1, OXGATE RISC CoyeO
Hardware semaphoree(tion 6.4.4, OSemapho)esO
Interrupt handlingSection 6.5, Olnterrup)sO
Debug feature$éction 6.6, ODebug MogeO
Security $ection 6.7, OSecurilyO
Instruction set3ection 6.8, Olnstruction SetO

K K K K K K

6.1.1 Glossary of Terms

XGATE Request

A service request from a peripheral module which is directed to the XGATE by the S12X_INT
module (seéigure 6-).

XGATE Channel

The resources in the XGATE module (i.e. Channel ID number, Priority level, Service Request
Vector, Interrupt Flag) which are associated with a particular XGATE Request.

XGATE Channel ID

A 7-bit identiber associated with an XGATE channel. In S12X designs valid Channel IDs range
from $78 to $09.

XGATE Channel Interrupt
An S12X_ CPU interrupt that is triggered by a code sequence running on the XGATE module.

XGATE Software Channel
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In freeze mode all clocks of the XGATE module may be stopped, depending on the module
configuration (se&ection 6.3.1.1, OXGATE Control Register (XGMCTL)O

6.1.4 Block Diagram
FigureFigure 6-1shows a block diagram of the XGATE.

Peripheral Interrupts
S12X_INT
0 n
3 e U
XGATE |52 53
X 'U_J X1
= o
Interrupt Flags |~mm—
Semaphores RISC Core
Software
Triggers

= Software Trigge

Peripherals S12X_MMC

Figure 6-1. XGATE Block Diagram

-

S

>

Data/Code

S12X_DBG

6.2 External Signal Description

The XGATE module has no external pins.
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6.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the XGATE module.

The memory map for the XGATE module is given belowAigure 6-2The address listed for each register

is the sum of a base address and an address offset. The base address is debPned at the SoC level and t
address offset is dePned at the module level. Reserved registers read zero. Write accesses to the reserv
registers have no effect.

6.3.1 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard registe
diagram with an associated bgure number. Details of register bit and Peld function follow the register
diagrams, in bit order.

Register 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Name
xaMcTL Rr 0 | 0 | o | o] o ] o | o] o L0 ] o
XG | XG XG < XGE | XGFRZ XGOBG xc;§§CT sk XGIE
W XCEM £rzM DM CSSl FacT) sweiryXCIEM
XGMCHID R 0 XGCHID[6:0]
w N
Reserved R
W
Reserved R
W
Reserved R
W
XGVBR R 0
XGVBR[15:1]

|:| = Unimplemented or Reserved

Figure 6-2. XGATE Register Summary (Sheet 1 of 3)
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6.3.1.1 XGATE Control Register (XGMCTL)

All module level switches and flags are located in the module control refgigtee 6-3

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 0 0 0 XG
W XG XG XG XG XG XGE | XGFRZ XGDBG XGSS X( XGIE
SWEIH
XGEM FRZM DBGM SSM [FACTN SWEIF\/{GIEN
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I:I = Unimplemented or Reserved

Figure 6-3. XGATE Control Register (XGMCTL)
Read: Anytime
Write: Anytime
Table 6-1. XGMCTL Field Descriptions (Sheet 1 of 3)

Field Description
15 XGE Mask — This bit controls the write access to the XGE bit. The XGE bit can only be set or cleared if a "1" is
XGEM written to the XGEM bit in the same register access.
Read:
This bit will always read "0".
Write:

0 Disable write access to the XGE in the same bus cycle
1 Enable write access to the XGE in the same bus cycle

14 XGFRZ Mask — This bit controls the write access to the XGFRZ bit. The XGFRZ bit can only be set or cleared
XGFRZM |if a"1" is written to the XGFRZM bit in the same register access.
Read:
This bit will always read "0".
Write:

0 Disable write access to the XGFRZ in the same bus cycle
1 Enable write access to the XGFRZ in the same bus cycle

13 XGDBG Mask — This bit controls the write access to the XGDBG bit. The XGDBG bit can only be set or cleared
XGDBGM |if a"1" is written to the XGDBGM bit in the same register access.
Read:
This bit will always read "0".
Write:

0 Disable write access to the XGDBG in the same bus cycle
1 Enable write access to the XGDBG in the same bus cycle

12 XGSS Mask — This bit controls the write access to the XGSS bit. The XGSS bit can only be set or cleared if a
XGSSM |"1"is written to the XGSSM bit in the same register access.
Read:
This bit will always read "0".
Write:

0 Disable write access to the XGSS in the same bus cycle
1 Enable write access to the XGSS in the same bus cycle

MC9S12XDP512 Data Sheet, Rev. 2.21
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6.3.1.2 XGATE Channel ID Register (XGCHID)

The XGATE channel ID registe{(gure 6-4 shows the identiber of the XGATE channel that is currently
active. This register will read O$000 if the XGATE module is idle. In debug mode this register can be used
to start and terminate threads (Seetion 6.6.1, ODebug Featu)esO

7 6 5 4 3 2 1 0
R 0 XGCHID[6:0]
w | | | |
Reset 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 6-4. XGATE Channel ID Register (XGCHID)

Read: Anytime

Write: In Debug Mode
Table 6-2. XGCHID Field Descriptions

Field Description
60 Request Identifier — ID of the currently active channel
XGCHIDI[6:0]

6.3.1.3 XGATE Vector Base Address Register (XGVBR)

The vector base address registeég(re 6-5andFigure 6-§ determines the location of the XGATE vector
block.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
XGVBRI[15:1]
\W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
|:| = Unimplemented or Reserved

Figure 6-5. XGATE Vector Base Address Register (XGVBR)

Read: Anytime

Write: Only if the module is disabled (XGE = 0) and idle (XGCHID = $00))
Table 6-3. XGVBR Field Descriptions

Field Description

15-1 Vector Base Address — The XGVBR register holds the start address of the vector block in the XGATE
XBVBR[15:1] [ memory map.
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6.3.1.4

XGATE Channel Interrupt Flag Vector (XGIF)

The interrupt Bag vectoF{gure 6-6 provides access to the interrupt Rags bits of each channel. Each Rag
may be cleared by writing a "1" to its bit location.

Chapter 6 XGATE (S12XGATEV?2)

127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112
R O 0 0 0 0 0 0
W XGIF_78 XGF_17 XGIF 76 XGIF_75 XGIF_74 XGIF_73 [ XGIF_72 XGIF_J1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
111 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96
XGIF_6F XGIF_6E XGIF 6D XG|F_6C XGIF_6B KGIF_6A| XGIF_6p XGIF |68 XGH 67 XG|F_66 X[GIF 65 [XGIF_64| XGIF_6B XGIF |62
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80
XGIF_5F XGIF_6E XGIH 5D XG|F_5C XGIF_5B KGIF 5A| XGIF_5p XGIF[58 XGH 57 XGIF 56 XGIF_55 [XGIF_54| XGIF 58 XGIF_|52
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
XGIF_4F XGIF_#iE XGIF 4D XG|F_4C XGIF_4B KGIF_4A| XGIF_4p XGIF 48 XGF|_47 XGIF_46 XGIF_45 [XGIF 44| XGIF_4B XGIF [42
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
R
erlF_ss" XGIF_BE XGIF 3D XG|F_3C X{5IF 3B XGIF_3A| XGIF_3p XGIF_[38 XGF|_37 XGIF_36 XGIF_35 [XGIF_34| XGIF_338 XGIF |32
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
XGIF_2F XGIF_PE XGIH 2D XG|F_2C XGIF_2B KGIF_2A| XGIF_2D XGIF [28 XGF|_27 XGIF_26 XGIF 25 [XGIF_24| XGIF_2B XGIF |22
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
XGIF_1F XGIF_IE XGIF 1D XG|F_1C XGIF_1B KGIF_1A| XGIF_1p XGIF_|18 XGF|_17 XQF_16 XGIF_15 [XGIF_14| XGIF_1B XGIF [12
Reset 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0
XGIF_OF XGIF_DE XGIF 0D XG|F_0C XGIF_0B KGIF_0A
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

]

Read: Anytime

Write: Anytime

= Unimplemented or Reserved
Figure 6-6. XGATE Channel Interrupt Flag Vector (XGIF)
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6.3.1.5 XGATE Software Trigger Register (XGSWT)

The eight software triggers of the XGATE module can be set and cleared through the XGATE software
trigger registerKigure 6-7. The upper byte of this register, the software trigger mask, controls the write
access to the lower byte, the software trigger bits. These bits can be set or cleared if a "1" is written to the
associated mask in the same bus cycle.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R o | 0 | 0 | 0 | 0 | 0 | 0 | 0 N p—
W XGSWTM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-7. XGATE Software Trigger Register (XGSWT)
Read: Anytime
Write: Anytime
Table 6-5. XGSWT Field Descriptions

Field Description
15-8 Software Trigger Mask — These bits control the write access to the XGSWT bits. Each XGSWT bit can only
XGSWTMI7:0] | be written if a "1" is written to the corresponding XGSWTM bit in the same access.
Read:
These bits will always read "0".
Write:

0 Disable write access to the XGSWT in the same bus cycle
1 Enable write access to the corresponding XGSWT bhit in the same bus cycle

7-0 Software Trigger Bits — These bits act as interrupt flags that are able to trigger XGATE software channels.
XGSWT[7:0] | They can only be set and cleared by software.
Read:

0 No software trigger pending

1 Software trigger pending if the XGIE bit is set
Write:

0 Clear Software Trigger

1 Set Software Trigger

NOTE

The XGATE channel IDs that are associated with the eight software triggers
are determined on chip integration level. (see Section OlInterrupts@Gotthe
Guide)

XGATE software triggers work like any peripheral interrupt. They can be
used as XGATE requests as well as S12X_CPU interrupts. The target of the
software trigger must be selected in the S12X_INT module.
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6.3.1.6 XGATE Semaphore Register (XGSEM)

The XGATE provides a set of eight hardware semaphores that can be shared between the S12X_CPU an
the XGATE RISC core. Each semaphore can either be unlocked, locked by the S12X CPU or locked by
the RISC core. The RISC core is able to lock and unlock a semaphore through its SSEM and CSEM
instructions. The S12X_CPU has access to the semaphores through the XGATE semaphore register
(Figure 6-9. Refer to sectiolection 6.4.4, OSemaphorémQletails.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 XGSEM[7:0]
W XGSEMM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-8. XGATE Semaphore Register (XGSEM)

Read: Anytime

Write: Anytime (se€Section 6.4.4, OSemaphodesO
Table 6-6. XGSEM Field Descriptions

Field Description

15-8 Semaphore Mask — These bits control the write access to the XGSEM bits.
XGSEMM[7:0] | Read:
These bits will always read "0".
Write:
0 Disable write access to the XGSEM in the same bus cycle
1 Enable write access to the XGSEM in the same bus cycle

7-0 Semaphore Bits — These bits indicate whether a semaphore is locked by the S12X_CPU. A semaphore can
XGSEM][7:0] |be attempted to be set by writing a "1" to the XGSEM bit and to the corresponding XGSEMM bit in the same
write access. Only unlocked semaphores can be set. A semaphore can be cleared by writing a "0" to the
XGSEM bit and a "1" to the corresponding XGSEMM bit in the same write access.

Read:

0 Semaphore is unlocked or locked by the RISC core
1 Semaphore is locked by the S12X_CPU

Write:

0 Clear semaphore if it was locked by the S12X_CPU
1 Attempt to lock semaphore by the S12X_CPU
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6.3.1.7 XGATE Condition Code Register (XGCCR)
The XGCCR register{igure 6-9 provides access to the RISC coreOs condition code register.

7 6 5 4 3 2 1 0
R 0 0 0 0
XGN XGZ XGV XGC
W
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 6-9. XGATE Condition Code Register (XGCCR)
Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-7. XGCCR Field Descriptions

Field Description

3 Sign Flag — The RISC core’s Sign flag
XGN

2 Zero Flag — The RISC core’s Zero flag
XGzZ

1 Overflow Flag — The RISC core’s Overflow flag
XGV

0 Carry Flag — The RISC core’s Carry flag
XGC
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6.3.1.8 XGATE Program Counter Register (XGPC)

The XGPC registerfjgure 6-10 provides access to the RISC coreOs program counter.

15 14 13 12 11 10 9 8 7 6 5 4

3 2 1 0

XGPC

Reset 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-10. XGATE Program Counter Register (XGPC)
Figure 6-11.
Read: In debug mode if unsecured
Write: In debug mode if unsecured
Table 6-8. XGPC Field Descriptions

Field Description
15-0 Program Counter — The RISC core’s program counter
XGPC[15:0]

6.3.1.9 XGATE Register 1 (XGR1)

The XGR1 registerHigure 6-13 provides access to the RISC coreOs register 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
XGR1
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-12. XGATE Register 1 (XGR1)
Read: In debug mode if unsecured
Write: In debug mode if unsecured
Table 6-9. XGR1 Field Descriptions

Field Description
15-0 XGATE Register 1 — The RISC core’s register 1
XGR1[15:0]
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6.3.1.10 XGATE Register 2 (XGR2)
The XGR2 registerHigure 6-13 provides access to the RISC coreOs register 2.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

XGR2
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-13. XGATE Register 2 (XGR2)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-10. XGR2 Field Descriptions

Field Description
15-0 XGATE Register 2 — The RISC core’s register 2
XGR2[15:0]

6.3.1.11 XGATE Register 3 (XGR3)
The XGR3 registerigure 6-12 provides access to the RISC coreOs register 3.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-14. XGATE Register 3 (XGR3)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-11. XGR3 Field Descriptions

Field Description
15-0 XGATE Register 3 — The RISC core’s register 3
XGR3[15:0]
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6.3.1.12 XGATE Register 4 (XGR4)
The XGR4 registerfigure 6-15 provides access to the RISC coreOs register 4.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR4

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-15. XGATE Register 4 (XGR4)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-12. XGR4 Field Descriptions

Field Description
15-0 XGATE Register 4 — The RISC core’s register 4
XGRA4[15:0]

6.3.1.13 XGATE Register 5 (XGR5)
The XGRS5 registerHigure 6-16 provides access to the RISC coreOs register 5.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-16. XGATE Register 5 (XGR5)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-13. XGR5 Field Descriptions

Field Description
15-0 XGATE Register 5 — The RISC core’s register 5
XGR5[15:0]
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6.3.1.14 XGATE Register 6 (XGR6)
The XGR6 register{igure 6-17 provides access to the RISC coreOs register 6.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

XGR6
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-17. XGATE Register 6 (XGR6)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-14. XGR6 Field Descriptions

Field Description
15-0 XGATE Register 6 — The RISC core’s register 6
XGR6[15:0]

6.3.1.15 XGATE Register 7 (XGR7)
The XGRY7 register{igure 6-18 provides access to the RISC coreOs register 7.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-18. XGATE Register 7 (XGR7)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-15. XGR7 Field Descriptions

Field Description
15-0 XGATE Register 7 — The RISC core’s register 7
XGR7[15:0]
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6.4  Functional Description

The core of the XGATE module is a RISC processor which is able to access the MCUOs internal memories
and peripherals (séégure 6-). The RISC processor always remains in an idle state until it is triggered

by an XGATE request. Then it executes a code sequence that is associated with the request and optionall;
triggers an interrupt to the S12X_CPU upon completion. Code sequences are not interruptible. A new
XGATE request can only be serviced when the previous sequence is bPnished and the RISC core become
idle.

The XGATE module also provides a set of hardware semaphores which are necessary to ensure data
consistency whenever RAM locations or peripherals are shared with the S12X_CPU.

The following sections describe the components of the XGATE module in further detail.

6.4.1 XGATE RISC Core

The RISC core is a 16 bit processor with an instruction set that is well suited for data transfers, bit
manipulations, and simple arithmetic operations &asion 6.8, Olnstruction SetO

It is able to access the MCUOQs internal memories and peripherals without blocking these resources fron
the S12X_CPW, Whenever the S12X_CPU and the RISC core access the same resource, the RISC core
will be stalled until the resource becomes available dgain

The XGATE offers a high access rate to the MCUOQs internal RAM. Depending on the bus load, the RISC
core can perform up to two RAM accesses per S12X_CPU bus cycle.

Bus accesses to peripheral registers or [3ash are slower. A transfer rate of one bus access per S12X_CF
cycle can not be exceeded.

The XGATE module is intended to execute short interrupt service routines that are triggered by peripheral
modules or by software.

6.4.2 Programmer’s Model

Register Block Program Counter
15 R7 0 15 PC 0
1o R6 0 Condition
15 RS 0 Rggig(teer
15 R4 0 Nfz|v|c
15 R3 0 3210
15 R2 0
15 Rl(VariabIe Pointer)0
o RO =0 °

Figure 6-19. Programmer’s Model

1. With the exception of PRR registers (see Section “S12X_MMC").
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The programmerOs model of the XGATE RISC core is shoWigime 6-19 The processor offers a set of
seven general purpose registers (R1 - R7), which serve as accumulators and index registers. An additiona
eighth register (RO) is tied to the value O$00000. Register R1 has an additional functionality. It is preloadec
with the initial variable pointer of the channelOs service request vectigsee 6-20. The initial content

of the remaining general purpose registers is undebned.

The 16 bit program counter allows the addressing of a 64 kbyte address space.

The condition code register contains four bits: the sign bit (S), the zero 3ag (2), the overf3ow 3ag (V), and
the carry bit (C). The initial content of the condition code register is undebned.

6.4.3 Memory Map

The XGATEOs RISC core is able to access an address space of 64K bytes. The allocation of memory block
within this address space is determined on chip level. Refer &l&% MMC Sectionfor a detailed
information.

The XGATE vector block assigns a start address and a variable pointer to each XGATE channel. Its
position in the XGATE memory map can be adjusted through the XGVBR registérgsieen 6.3.1.3,
OXGATE Vector Base Address Register (XGVBRF@ure 6-20shows the layout of the vector block.

Each vector consists of two 16 bit words. The brst contains the start address of the service routine. This
value will be loaded into the program counter before a service routine is executed. The second word is &
pointer to the service routineOs variable space. This value will be loaded into register R1 before a servic
routine is executed.

XGVBR
+$0000 — T~
unused | L T — — 7 7 7 7 7 7
/\/
+$0024

Channel $09 Initial Program Counter

Channel $09 Initial Variable Pointer \ ___________

Channel $0A Initial Program Counter Variables

+$0028

Channel $0A Initial Variable Pointer

+$002C &

Channel $0B Initial Program Counter

Channel $0B Initial Variable Pointer

+$0030 Channel $0C Initial Program Counter| Code

Channel $0C Initial Variable Pointer

N%

+$01E0 Channel $78 Initial Program Counter Variables

Channel $78 Initial Variable Pointer /\/

Figure 6-20. XGATE Vector Block
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6.4.4 Semaphores

The XGATE module offers a set of eight hardware semaphores. These semaphores provide a mechanisr
to protect system resources that are shared between two concurrent threads of program execution; one
thread running on the S12X_CPU and one running on the XGATE RISC core.

Each semaphore can only be in one of the three states: OUnlockedO, OLocked by S12X_CPUQ, and OLoc
by XGATEO. The S12X_CPU can check and change a semaphoreQs state through the XGATE semapho
register (XGSEM, seBection 6.3.1.6, OXGATE Semaphore Register (XGSENI@ RISC core does

this through its SSEM and CSEM instructions.

Figure 6-21illustrates the valid state transitions.

%1 XGSEM %1 XGSEM
SSEM Instruction %0  XGSEM
CSEM Instruction SSEM Instruction

LOCKED BY LOCKED BY
S12X_CPU

%0 XGSEM
CSEM Instruction

Figure 6-21. Semaphore State Transitions
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Figure 6-22gives an example of the typical usage of the XGATE hardware semaphores.

Two concurrent threads are running on the system. One is running on the S12X_CPU and the other is
running on the RISC core. They both have a critical section of code that accesses the same system resourc
To guarantee that the system resource is only accessed by one thread at a time, the critical code sequent
must be embedded in a semaphore lock/release sequence as shown.

S12X _CPU XGATE
%1 XGSEMXx [« SSEM -«
critical critical
code code
sequence sequence
Y Y
XGSEM %0 CSEM

Figure 6-22. Algorithm for Locking and Releasing Semaphores

6.4.5 Software Error Detection
The XGATE module will immediately terminate program execution after detecting an error condition
caused by erratic application code. There are three error conditions:
¥ Execution of an illegal opcode
¥ lllegal vector or opcode fetches
¥ lllegal load or store accesses
All opcodes which are not listed in sectiGection 6.8, Olnstruction Sei® illegal opcodes. lllegal vector

and opcode fetches as well as illegal load and store accesses are debned on chip level. Refer to the
S12X_MMC Sectionfor a detailed information.
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6.5 Interrupts

6.5.1 Incoming Interrupt Requests

XGATE threads are triggered by interrupt requests which are routed to the XGATE module (see
S12X_INT Section). Only a subset of the MCUOQs interrupt requests can be routed to the XGATE. Which
specibc interrupt requests these are and which channel ID they are assigned to is documented in Sectic
OlnterruptsO of t18®C Guide

6.5.2 Outgoing Interrupt Requests

There are three types of interrupt requests which can be triggered by the XGATE module:
4. Channel interrupts

For each XGATE channel there is an associated interrupt Bag in the XGATE interrupt Rag vector
(XGIF, seeSection 6.3.1.4, OXGATE Channel Interrupt Flag Vector (XQIFjkese Rags can be

set through the "SIF" instruction by the RISC core. They are typically used to 3ag an interrupt to
the S12X_CPU when the XGATE has completed one of its tasks.

5. Software triggers

Software triggers are interrupt 3ags, which can be set and cleared by softwatesea 6.3.1.5,
OXGATE Software Trigger Register (XGSWY.)They are typically used to trigger XGATE tasks

by the S12X CPU software. However these interrupts can also be routed to the S12X_ CPU (see
S12X_INT Sectior) and triggered by the XGATE software.

6. Software error interrupt

The software error interrupt signals to the S12X_CPU the detection of an error condition in the
XGATE application code (segection 6.4.5, OSoftware Error DetectonO

All XGATE interrupts can be disabled by the XGIE bit in the XGATE module control register (XGMCTL,
seeSection 6.3.1.1, OXGATE Control Register (XGMCT)L)O

6.6 Debug Mode

The XGATE debug mode is a feature to allow debugging of application code.

6.6.1 Debug Features

In debug mode the RISC core will be halted and the following debug features will be enabled:
¥ Read and Write accesses to RISC core registers (XGCCR, XGPC, XGR1BXGR7)

AllRISC core registers can be modified. Leaving debug mode will cause the RISC core to continue
program execution with the modified register values.

1. Only possible if MCU is unsecured
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¥ Single Stepping
Writing a "1" to the XGSS bit will call the RISC core to execute a single instruction. All RISC core
registers will be updated accordingly.
¥ Write accesses to the XGCHID register
Three operations can be performed by writing to the XGCHID register:
b Change of channel ID

If a non-zero value is written to the XGCHID while a thread is active (XGCHI&DO0), then
the current channel ID will be changed without any inBuence on the program counter or the
other RISC core registers.

b Start of a thread
If a non-zero value is written to the XGCHID while the XGATE is idle (XGCHID = $00),
then the thread that is associated with the new channel ID will be executed upon leaving
debug mode.

b Termination of a thread

If zero is written to the XGCHID while a thread is active (XGCHIC$00), then the current
thread will be terminated and the XGATE will become idle.

6.6.2 Entering Debug Mode

Debug mode can be entered in four ways:
1. Setting XGDBG to "1"

Writing a "1" to XGDBG and XGDBGM in the same write access causes the XGATE to enter
debug mode upon completion of the current instruction.

NOTE

After writing to the XGDBG bit the XGATE will not immediately enter
debug mode. Depending on the instruction that is executed at this time there
may be a delay of several clock cycles. The XGDBG will read "0" until
debug mode is entered.

2. Software breakpoints

XGATE programs which are stored in the internal RAM allow the use of software breakpoints. A
software breakpoint is set by replacing an instruction of the program code with the "BRK"
instruction.

As soon as the program execution reaches the "BRK" instruction, the XGATE enters debug mode.
Additionally a software breakpoint request is sent to the S12X_DBG module (see section 4.9 of
theS12X_ DBG Sectioh

Upon entering debug mode, the program counter will point to the "BRK" instruction. The other
RISC core registers will hold the result of the previous instruction.

To resume program execution, the "BRK" instruction must be replaced by the original instruction
before leaving debug mode.
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3. Tagged Breakpoints

The S12X_DBG module is able to place tags on fetched opcodes. The XGATE is able to enter
debug mode right before a tagged opcode is executed (see section 4.9b2¥eDBG Section.

Upon entering debug mode, the program counter will point to the tagged instruction. The other
RISC core registers will hold the result of the previous instruction.

4. Forced Breakpoints

Forced breakpoints are triggered by the S12X _DBG module (see section 4.$02¥eDBG
Section). When a forced breakpoint occurs, the XGATE will enter debug mode upon completion
of the current instruction.

6.6.3 Leaving Debug Mode

Debug mode can only be left by setting the XGDBG bit to "0". If a thread is active (XGCHID has not been
cleared in debug mode), program execution will resume at the value of XGPC.

6.7  Security

In order to protect XGATE application code on secured S12X devices, a few restrictions in the debug
features have been made. These are:

¥ Registers XGCCR, XGPC, and XGR1DBXGR7 will read zero on a secured device

¥ Registers XGCCR, XGPC, and XGR1DXGR7 can not be written on a secured device

¥ Single stepping is not possible on a secured device

6.8 Instruction Set

6.8.1 Addressing Modes

For the ease of implementation the architecture is a strict Load/Store RISC machine, which means all
operations must have one of the eight general purpose registers RO E R7 as their source as well their
destination.

All word accesses must work with a word aligned address, that is A[0] = O!
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6.8.1.1 Naming Conventions

RD Destination register, allowed range is RODR7
RD.L Low byte of the destination register, bits [7:0]
RD.H High byte of the destination register, bits [15:8]
RS, RS1, RS2 Source register, allowed range is ROBR7

RS.L, RS1.L, RS2.L Low byte of the source register, bits [7:0]
RS.H, RS1.H, RS2.H High byte of the source register, bits[15:8]

RB Base register for indexed addressing modes, allowed
range is RObBR7

RI Offset register for indexed addressing modes with
register offset, allowed range is ROBR7

RI+ Offset register for indexed addressing modes with

register offset and post-increment,
Allowed range is ROBDR7 (RO+ is equivalent to RO)

DRI Offset register for indexed addressing modes with
register offset and pre-decrement,
Allowed range is ROBDR7 (PRO is equivalent to RO)
NOTE

Even though register R1 is intended to be used as a pointer to the variable
segment, it may be used as a general purpose data register as well.

Selecting RO as destination register will discard the result of the instruction.
Only the condition code register will be updated

6.8.1.2 Inherent Addressing Mode (INH)

Instructions that use this addressing mode either have no operands or all operands are in internal XGATE
registers..

Examples

BRK
RTS

6.8.1.3 Immediate 3-Bit Wide (IMM3)

Operands for immediate mode instructions are included in the instruction stream and are fetched into the
instruction queue along with the rest of the 16 bit instruction. The O#O symbol is used to indicate an
immediate addressing mode operand. This address mode is used for semaphore instructions.

Examples:
CSEM #1 ; Unlock semaphore 1
SSEM #3 ; Lock Semaphore 3
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6.8.3 Cycle Notation

Table 6-16show the XGATE access detail notation. Each code letter equals one XGATE cycle. Each letter
implies additional wait cycles if memories or peripherals are not accessible. Memories or peripherals are
not accessible if they are blocked by the S12X_CPU. In addition to this Peripherals are only accessible
every other XGATE cycle. Uppercase letters denote 16 bit operations. Lowercase letters denote 8 bit
operations. The XGATE is able to perform two bus or wait cycles per S12X_CPU cycle.

Table 6-16. Access Detail Notation

V — Vector fetch: always an aligned word read, lasts for at least one RISC core cycle

P — Program word fetch: always an aligned word read, lasts for at least one RISC core cycle
r — 8 bit data read: lasts for at least one RISC core cycle

R — 16 bit data read: lasts for at least one RISC core cycle

w— 8 bit data write: lasts for at least one RISC core cycle

W— 16 bit data write: lasts for at least one RISC core cycle

A — Alignment cycle: no read or write, lasts for zero or one RISC core cycles

f — Free cycle: no read or write, lasts for one RISC core cycles

Special Cases

PP/P — Branch: PP if branch taken, P if not

6.8.4 Thread Execution

When the RISC core is triggered by an interrupt request{geee 6-) it Prst executes a vector fetch
sequence which performs three bus accesses:

1. AV-cycle to fetch the initial content of the program counter.
2. AV-cycle to fetch the initial content of the data segment pointer (R1).
3. AP-cycle to load the initial opcode.

Afterwards a sequence of instructions (thread) is executed which is terminated by an "RTS" instruction. If
further interrupt requests are pending after a thread has been terminated, a new vector fetch will be
performed. Otherwise the RISC core will idle until a new interrupt request is received. A thread can not be
interrupted by an interrupt request.

6.8.5 Instruction Glossary

This section describes the XGATE instruction set in alphabetical order.
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A D D H Add Immt(agggthe:ykig)Constant A D D H

Operation
RD + IMM8:300 RD

Adds the content of high byte of register RD and a signed immediate 8 bit constant using binary addition
and stores the result in the high byte of the destination register RD. This instruction can be used after ar
ADDL for a 16 bit immediate addition.

Example:

ADDL R2 #LOWBYTE
ADDH R2,#HIGHBYTE ; R2 = R2 + 16 bit immediate

CCR Effects

N Z V C

Z

Set if bit 15 of the result is set; cleared otherwise.
Z: Setif the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RD[15],,q & IMM8[7] & RD[15] e | RD[15]o1g & IMMB8[7] & RD[15],0n

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15]y,q & IMM8[7] | RD[15]p1q & RD[15],ew | IMMB8[7] & RD[15],,ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADDH RD, #IMM8 IMM8 | 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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A N D H Logical AND Immediate 8 bit Constant A N D H
(High Byte)

Operation
RD.H & IMM8 RD.H

Performs a bit wise logical AND between the high byte of register RD and an immediate 8 bit constant and
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

0 —

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ANDH RD, #IMM8 MM8 | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
MC9S12XDP512 Data Sheet, Rev. 2.21 I
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O R H Logical OR Immediate 8 bit Constant O R H
(High Byte)

Operation

RD.H|IMM8 RD.H

Performs a bit wise logical OR between the high byte of register RD and an immediate 8 bit constant and
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

0 —

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ORH RD, #IMM8 MM8 | 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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S U B H Subtract Immediate 8 bit Constant S U B H
(High Byte)

Operation
RD b IMM8:$300 RD

Subtracts a signed immediate 8 bit constant from the content of high byte of register RD and using binary
subtraction and stores the result in the high byte of destination register RD. This instruction can be used
after an SUBL for a 16 bit immediate subtraction.

Example:

SUBL R2 #LOWBYTE
SUBH R2,#HIGHBYTE ; R2 = R2 - 16 bit immediate

CCR Effects

N Z V C

Z

Set if bit 15 of the result is set; cleared otherwise.
Z: Setif the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RD[15],,q & IMM8[7] & RD[15] e | RD[15]o1g & IMM8[7] & RD[15],0n

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15],,q & IMM8[7] | RD[15]p1q & RD[15],ew | IMMB8[7] & RD[15],,ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUBH RD, #IMM8 MM8 | 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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X N O R H Logical Exclusive NOR Immediate X N O R H
8 bit Constant (High Byte)

Operation

~(RD.H~IMM8) RD.H

Performs a bit wise logical exclusive NOR between the high byte of register RD and an immediate 8 bit
constant and stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

0 —

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
XNORH RD, #IMM8 IMM8 | 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ IMMS8 P
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6.8.6 Instruction Coding

Table 6-17summarizes all XGATE instructions in the order of their machine coding.

Table 6-17. Instruction Set Summary (Sheet 1 of 3)

Functionality 15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Return to Scheduler and Others
BRK ojofo0|jO0O|lO|jJ]OfO|]O|O]J]O|O]|JOfO]JO|O]O
NOP ojofo|jofo0ojO0O|Of|212|0|O|O|O|O|O]|O]O
RTS ojofo0o|joOoflO|jOf21]|]O0Of|O]J]O|O]|JOfO]|JO|O]O
SIF ojofo|joflojof1|j1({0|J]O0O|lO]|JOfO]|JO|O]O
Semaphore Instructions
CSEM IMM3 o|joflO0O]|O]|O IMM3 i1({1|1(1|0f(0]|]O0]|O
CSEM RS o|joflO0O]|O0]|O RS 1({1|1(1|0(f(0]|]O0]|1
SSEM IMM3 0 o0 O 0 IMM3 1 1 1 1 00O 1 0
SSEM RS o|jo|lO0O]|O0]|O RS 1(1|1(1|0f0]|121|1
Single Register Instructions
SEX RD 0 0O|0]| O 0 RD 1 1 1 1 0 1 0| O
PAR RD 0 oO|0]| O 0 RD 1 1 1 1 0 1 0 1
JAL RD 0 0O|0]| O 0 RD 1 1 1 1 0 1 1 0
SIF RS 0 oOo|l0] O 0 RS 1 1 1 1 0 1 1 1
Special Move instructions
TFR RD,CCR 0 oOo|0] O 0 RD 1 1 11|10 0
TFR CCR,RS 0 oOo|l0] O 0 RS 1 1 1 1 1|0 0 1
TFR RD,PC 0 oO|l0] O 0 RD 1 1 1 11|10 1 0
Shift instructions Dyadic
BFFO RD, RS o|O0|O0]|O0]|1 RD RS 1(0|0fO0]O
ASR RD, RS 0 oOo|0]| O 1 RD RS 1 0] o0 0 1
CSL RD, RS o|O0|O0]|O0]|1 RD RS 1(0|0f1]0
CSR RD, RS 0 oOo|0]| O 1 RD RS 1 0|0 1 1
LSL RD, RS 0 o|l0]| O 1 RD RS 1 0 1 0| O
LSR RD, RS 0 oOo|l0]| O 1 RD RS 1 0 1 0 1
ROL RD, RS 0 0 0 0 1 RD RS 1 0 1 1 0
ROR RD, RS 0 0 0 0 1 RD RS 1 0 1 1 1
Shift instructions immediate
ASR RD, #IMM4 0 o0 O 1 RD IMM4 1|10 0 1
CSL RD, #IMM4 0 o0 O 1 RD IMM4 1|10 1 0
CSR RD, #IMM4 0 oOo|0]O0 1 RD IMM4 1|0 1 1
LSL RD, #IMM4 0 o0 O 1 RD IMM4 1 1 0|0
LSR RD, #IMM4 0 o0 O 1 RD IMM4 1 1 0 1
ROL RD, #IMM4 0 o0 O 1 RD IMM4 1 1 1 0
ROR RD, #IMM4 0 oO|l0]| O 1 RD IMM4 1 1 1 1
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6.9 Initialization and Application Information

6.9.1 Initialization

The recommended initialization of the XGATE is as follows:
1. Clear the XGE bit to suppress any incoming service requests.
2. Make sure that no thread is running on the XGATE. This can be done in several ways:

a) Poll the XGCHID register until it reads $00. Also poll XGDBG and XGSWEIF to make sure
that the XGATE has not been stopped.

b) Enter Debug Mode by setting the XGDBG bit. Clear the XGCHID register. Clear the XGDBG
bit.

The recommended method is a).

Set the XGVBR register to the lowest address of the XGATE vector space.

Clear all Channel ID 3ags.

Copy XGATE vectors and code into the RAM.

Initialize the S12X_INT module.

Enable the XGATE by setting the XGE bit.

The following code example implements the XGATE initialization sequence.

No s ®

6.9.2 Code Example (Transmit "Hello World!" on SCI)

CPU S12X
A
H# SYMBOLS #
S HHHH R R
SCI_REGS EQU $00C8 :SClI register space
SCIBDH EQU SCI_REGS+$00 ;SCI Baud Rate Register
SCIBDL EQU SCI_REGS+$00 ;SCI Baud Rate Register
SCICR2 EQU SCI_REGS+$03 ;SCI Control Register 2
SCISR1 EQU SCI_REGS+$04 ;SCI Status Register 1
SCIDRL EQU SCI_REGS+$07 ;SCI Control Register 2
TIE EQU $80 ;TIE bit mask
TE EQU $08 ;TE bit mask
RE EQU $04 :RE bit mask
SCI_VEC EQU $D6 ;SCI vector number
INT_REGS EQU $0120 ;S12X_INT register space
INT_CFADDR EQU INT_REGS+$07 ;Interrupt Configuration Address Register
INT_CFDATA EQU INT_REGS+$08 ;Interrupt Configuration Data Registers
RQST EQU $80 ;RQST bit mask
XGATE_REGS EQU $0380 ;XGATE register space
XGMCTL EQU XGATE_REGS+$00 ;XGATE Module Control Register
XGMCTL_CLEAR EQU $FA02 ;Clear all XGMCTL bits
XGMCTL_ENABLE EQU $8282 ;Enable XGATE
XGCHID EQU XGATE_REGS+$02 ;XGATE Channel ID Register
XGVBR EQU XGATE_REGS+$06 ;XGATE ISP Select Register
XGIF EQU XGATE_REGS+$08 ;XGATE Interrupt Flag Vector
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Chapter 7
Enhanced Capture Timer (S12ECT16B8CV2)

7.1 Introduction

The HCS12 enhanced capture timer module has the features of the HCS12 standard timer module
enhanced by additional features in order to enlarge the peld of applications, in particular for automotive
ABS applications.

This design specibcation describes the standard timer as well as the additional features.

The basic timer consists of a 16-bit, software-programmable counter driven by a prescaler. This timer can
be used for many purposes, including input waveform measurements while simultaneously generating an
output waveform. Pulse widths can vary from microseconds to many seconds.

A full access for the counter registers or the input capture/output compare registers will take place in one
clock cycle. Accessing high byte and low byte separately for all of these registers will not yield the same
result as accessing them in one word.

7.1.1 Features

¥ 16-bit buffer register for four input capture (IC) channels.

¥ Four 8-bit pulse accumulators with 8-bit buffer registers associated with the four buffered IC
channels. Conbgurable also as two 16-bit pulse accumulators.

¥ 16-bit modulus down-counter with 8-bit prescaler.
¥ Four user-selectable delay counters for input noise immunity increase.

7.1.2 Modes of Operation

¥ Stop N Timer and modulus counter are off since clocks are stopped.

¥ Freeze N Timer and modulus counter keep on running, unless the TSFRZ bitin the TSCR1 register
is set to one.

¥  Wait N Counters keep on running, unless the TSWAI bit in the TSCR1 register is set to one.

¥ Normal N Timer and modulus counter keep on running, unless the TEN bit in the TSCR1 register
or the MCEN bit in the MCCTL register are cleared.
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7.1.3

Block Diagram
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Figure 7-1. ECT Block Diagram
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7.3 Memory Map and Register Definition

This section provides a detailed description of all memory and registers.

7.3.1 Module Memory Map

The memory map for the ECT module is given belowable 7-1 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 ECT modu
and the address offset for each register.

Table 7-1. ECT Memory Map

Ag?f:—::{s Register Access
0x0000 Timer Input Capture/Output Compare Select (TIOS) R/W
0x0001 Timer Compare Force Register (CFORC) R/W?!
0x0002 Output Compare 7 Mask Register (OC7M) R/W
0x0003 Output Compare 7 Data Register (OC7D) R/W
0x0004 | Timer Count Register High (TCNT) RIW?
0x0005 | Timer Count Register Low (TCNT) R/W?
0x0006 Timer System Control Register 1 (TSCR1) R/W
0x0007 Timer Toggle Overflow Register (TTOV) R/W
0x0008 Timer Control Register 1 (TCTL1) R/W
0x0009 Timer Control Register 2 (TCTL2) R/W
0x000A Timer Control Register 3 (TCTL3) R/W
0x000B Timer Control Register 4 (TCTL4) R/W
0x000C Timer Interrupt Enable Register (TIE) R/W
0x000D Timer System Control Register 2 (TSCR2) R/W
0x000E Main Timer Interrupt Flag 1 (TFLG1) R/W
0x000F Main Timer Interrupt Flag 2 (TFLG2) R/W
0x0010 Timer Input Capture/Output Compare Register 0 High (TCO) R/W3
0x0011 Timer Input Capture/Output Compare Register O Low (TCO) R/WS
0x0012 Timer Input Capture/Output Compare Register 1 High (TC1) R/W3
0x0013 Timer Input Capture/Output Compare Register 1 Low (TC1) R/WS
0x0014 Timer Input Capture/Output Compare Register 2 High (TC2) R/W3
0x0015 Timer Input Capture/Output Compare Register 2 Low (TC2) R/WS
0x0016 Timer Input Capture/Output Compare Register 3 High (TC3) R/W3
0x0017 Timer Input Capture/Output Compare Register 3 Low (TC3) R/WS
0x0018 Timer Input Capture/Output Compare Register 4 High (TC4) R/W3
0x0019 Timer Input Capture/Output Compare Register 4 Low (TC4) R/WS
0x001A Timer Input Capture/Output Compare Register 5 High (TC5) R/W3
0x001B Timer Input Capture/Output Compare Register 5 Low (TC5) R/WS
0x001C Timer Input Capture/Output Compare Register 6 High (TC6) R/W3
0x001D Timer Input Capture/Output Compare Register 6 Low (TC6) R/WS
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Chapter 7 Enhanced Capture Timer (S12ECT16B8CV2)

7.3.2.6 Timer System Control Register 1 (TSCR1)
7 6 5 4 3 2 1 0
R 0 0
W TEN TSWAI TSFRZ TFFCA PRNT
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 7-9. Timer System Control Register 1 (TSCR1)

Read or write: Anytime except PRNT bit is write once

All bits reset to zero.

Table 7-7. TSCRL1 Field Descriptions

Field Description
7 Timer Enable
TEN 0 Disables the main timer, including the counter. Can be used for reducing power consumption.
1 Allows the timer to function normally.
Note: If for any reason the timer is not active, there is no +64 clock for the pulse accumulator since the +64 is
generated by the timer prescaler.
6 Timer Module Stops While in Wait
TSWAI 0 Allows the timer module to continue running during wait.

1 Disables the timer counter, pulse accumulators and modulus down counter when the MCU is in wait mode.

Timer interrupts cannot be used to get the MCU out of wait.
5 Timer and Modulus Counter Stop While in Freeze Mode
TSFRZ 0 Allows the timer and modulus counter to continue running while in freeze mode.

1 Disables the timer and modulus counter whenever the MCU is in freeze mode. This is useful for emulation.

The pulse accumulators do not stop in freeze mode.
4 Timer Fast Flag Clear All
TFFCA 0 Allows the timer flag clearing to function normally.

1 Aread from an input capture or a write to the output compare channel registers causes the corresponding
channel flag, CxF, to be cleared in the TFLGL register. Any access to the TCNT register clears the TOF flag
in the TFLG2 register. Any access to the PACN3 and PACN2 registers clears the PAOVF and PAIF flags in the
PAFLG register. Any access to the PACN1 and PACNO registers clears the PBOVF flag in the PBFLG register.
Any access to the MCCNT register clears the MCZF flag in the MCFLG register. This has the advantage of
eliminating software overhead in a separate clear sequence. Extra care is required to avoid accidental flag
clearing due to unintended accesses.

Note: The flags cannot be cleared via the normal flag clearing mechanism (writing a one to the flag) when

TFFCA =1.
3 Precision Timer
PRNT 0 Enables legacy timer. Only bits DLYO and DLY1 of the DLYCT register are used for the delay selection of the

delay counter. PRO, PR1, and PR2 bits of the TSCR2 register are used for timer counter prescaler selection.
MCPRO and MCPR1 bits of the MCCTL register are used for modulus down counter prescaler selection.

1 Enables precision timer. All bits in the DLYCT register are used for the delay selection, all bits of the PTPSR
register are used for Precision Timer Prescaler Selection, and all bits of PTMCPSR register are used for the
prescaler Precision Timer Modulus Counter Prescaler selection.
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7.3.2.8 Timer Control Register 1/Timer Control Register 2 (TCTL1/TCTL2)

7 6 5 4 3 2 1 0
VI\?/ Oom7 OL7 OM6 OL6 OM5 OL5 OomM4 OoL4
Reset 0 0 0 0 0 0 0 0
Figure 7-11. Timer Control Register 1 (TCTL1)
7 6 5 4 3 2 1 0
V}\Q/ OM3 OoL3 OoM2 oL2 OoM1 OL1 OMO OoLo
Reset 0 0 0 0 0 0 0 0

Figure 7-12. Timer Control Register 2 (TCTL2)
Read or write: Anytime

All bits reset to zero.
Table 7-9. TCTL1/TCTL2 Field Descriptions

Field Description

OM[7:0] |OMx — Output Mode

7,5,3,1 |OLx— Output Level

oL[7:0] These eight pairs of control bits are encoded to specify the ou.tput act'ion to be taken as a result of.a successful

6.4 2 0 OCx compare. When either OMx or OLx is one, the pin associated with OCx becomes an output tied to OCx.
e See Table 7-10.

Table 7-10. Compare Result Output Action

OMx OLx Action
0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one

NOTE

To enable output action by OMx and OLx bits on timer port, the
corresponding bit in OC7M should be cleared.
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7.3.2.9 Timer Control Register 3/Timer Control Register 4 (TCTL3/TCTL4)
7 6 5 4 3 2 1 0
R
W EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
Reset 0 0 0 0 0 0 0 0
Figure 7-13. Timer Control Register 3 (TCTL3)
7 6 5 4 3 2 1 0
R
W EDG3B EDG3A EDG2B EDG2A EDG1B EDG1A EDGOB EDGOA
Reset 0 0 0 0 0 0 0 0

Figure 7-14. Timer Control Register 4 (TCTL4)

Read or write: Anytime

All bits reset to zero.

Table 7-11. TCTL3/TCTL4 Field Descriptions

Field

Description

EDG[7:0]B
7,5,3,1

Input Capture Edge Control — These eight pairs of control bits configure the input capture edge detector
circuits for each input capture channel. The four pairs of control bits in TCTL4 also configure the input capture

EDG[7:0]A
6,4,2,0

edge control for the four 8-bit pulse accumulators PACO—-PAC3.EDGOB and EDGOA in TCTL4 also determine the
active edge for the 16-bit pulse accumulator PACB. See Table 7-12.

Table 7-12. Edge Detector Circuit Configuration

EDGxB EDGxA 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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7.3.2.11 Timer System Control Register 2 (TSCR2)

7 6 5 4 3 2 1 0
R 0 0 0
W TOI TCRE PR2 PR1 PRO
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 7-16. Timer System Control Register 2 (TSCR2)

Read or write: Anytime

All bits reset to zero.
Table 7-14. TSCR2 Field Descriptions

Field Description
7 Timer Overflow Interrupt Enable
TOI 0 Timer overflow interrupt disabled.

1 Hardware interrupt requested when TOF flag set.

3 Timer Counter Reset Enable — This bit allows the timer counter to be reset by a successful channel 7 output
TCRE compare. This mode of operation is similar to an up-counting modulus counter.
0 Counter reset disabled and counter free runs.
1 Counter reset by a successful output compare on channel 7.
Note: If register TC7 = 0x0000 and TCRE = 1, then the TCNT register will stay at 0x0000 continuously. If register
TC7 = OXFFFF and TCRE = 1, the TOF flag will never be set when TCNT is reset from OxFFFF to 0x0000.

2.0 Timer Prescaler Select — These three bits specify the division rate of the main Timer prescaler when the PRNT
PR[2:0] bit of register TSCRL1 is set to 0. The newly selected prescale factor will not take effect until the next synchronized
edge where all prescale counter stages equal zero. See Table 7-15.

Table 7-15. Prescaler Selection

Prescale Factor

1
2
4
8
16
32
64
128

0
)
N
0
py
[
Y
P
o

RP|lR|RP|IPRP|[|O|]OC|O| O
PR O|O[(FR|FL|[O] O
RP|O|FRP|O|(Fr|O|F]| O
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Table 7-18. PACTL Field Descriptions (continued)

Field Description
5 Pulse Accumulator Mode — This bit is active only when the Pulse Accumulator A is enabled (PAEN = 1).
PAMOD |0 Event counter mode
1 Gated time accumulation mode
4 Pulse Accumulator Edge Control — This bit is active only when the Pulse Accumulator A is enabled
PEDGE (PAEN = 1). Refer to Table 7-19.
For PAMOD bit = 0 (event counter mode).
0 Falling edges on PT7 pin cause the count to be incremented
1 Rising edges on PT7 pin cause the count to be incremented
For PAMOD bit = 1 (gated time accumulation mode).
0 PT7 input pin high enables bus clock divided by 64 to Pulse Accumulator and the trailing falling edge on PT7
sets the PAIF flag.
1 PT7 input pin low enables bus clock divided by 64 to Pulse Accumulator and the trailing rising edge on PT7
sets the PAIF flag.
If the timer is not active (TEN = 0 in TSCR1), there is no divide-by-64 since the +64 clock is generated by the
timer prescaler.
3:2 Clock Select Bits — For the description of PACLK please refer to Figure 7-70.
CLK[L:0] | f the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used as an input
clock to the timer counter. The change from one selected clock to the other happens immediately after these bits
are written. Refer to Table 7-20.
2 Pulse Accumulator A Overflow Interrupt Enable
PAOVI 0 Interrupt inhibited
1 Interrupt requested if PAOVF is set
0 Pulse Accumulator Input Interrupt Enable
PAI 0 Interrupt inhibited

1 Interrupt requested if PAIF is set

Table 7-19. Pin Action

PAMOD PEDGE Pin Action
0 0 Falling edge
0 1 Rising edge
1 0 Divide by 64 clock enabled with pin high level
1 1 Divide by 64 clock enabled with pin low level

Table 7-20. Clock Selection

CLK1 CLKO Clock Source
0 0 Use timer prescaler clock as timer counter clock
0 1 Use PACLK as input to timer counter clock
1 0 Use PACLK/256 as timer counter clock frequency
1 1 Use PACLK/65536 as timer counter clock frequency
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7.3.2.22 Delay Counter Control Register (DLYCT)

7 6 5 4 3 2 1 0
R
W DLY7 DLY6 DLYS DLY4 DLY3 DLY2 DLY1 DLYO
Reset 0 0 0 0 0 0 0 0

Figure 7-44. Delay Counter Control Register (DLYCT)
Read: Anytime

Write: Anytime
All bits reset to zero.
Table 7-26. DLYCT Field Descriptions

Field Description

7:0 Delay Counter Select — When the PRNT bit of TSCRL1 register is set to 0, only bits DLYO, DLY1 are used to
DLY[7:0] [calculate the delay.Table 7-27 shows the delay settings in this case.

When the PRNT bit of TSCRL1 register is set to 1, all bits are used to set a more precise delay. Table 7-28 shows
the delay settings in this case. After detection of a valid edge on an input capture pin, the delay counter counts
the pre-selected number of [(dly_cnt + 1)*4]bus clock cycles, then it will generate a pulse on its output if the level
of input signal, after the preset delay, is the opposite of the level before the transition.This will avoid reaction to
narrow input pulses.

Delay between two active edges of the input signal period should be longer than the selected counter delay.
Note: Itis recommended to not write to this register while the timer is enabled, that is when TEN is set in register

TSCRL1.
Table 7-27. Delay Counter Select when PRNT =0
DLY1 DLYO Delay
0 0 Disabled
0 1 256 bus clock cycles
1 0 512 bus clock cycles
1 1 1024 bus clock cycles

Table 7-28. Delay Counter Select Examples when PRNT =1

DLY7 | DLY6 | DLY5 | DLY4 | DLY3 | DLY2 | DLY1 | DLYO Delay

Disabled (bypassed)
8 bus clock cycles
12 bus clock cycles
16 bus clock cycles
20 bus clock cycles
24 bus clock cycles
28 bus clock cycles
32 bus clock cycles
64 bus clock cycles
128 bus clock cycles
256 bus clock cycles
512 bus clock cycles
1024 bus clock cycles

o
o
o
o
o
o
o
o

r|lo|lo|lo|o|o|o|o|o|o|o|o
F|lr|lo|lo|lo|lo|o|lo|lo|o|o|lo
R|lr|[r|olo|lo|o|lo|o|o|o|o
R|lrR|[r|r|lo|lo|lolo|lo|o|o|lo
RlR|[r|r|r|lo|lolo|lo|o|o|lo
RlR[Rr|Pr|R|P| PR+ o|lo|lo
RlR[Rr|P|R|r|r|lo|o|r|r|o
RlR[Rr|Pr|R|r|olr|o|r|o|r
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Table 7-30. ICSYS Field Descriptions (continued)

Field

Description

LATQ

Input Control Latch or Queue Mode Enable — The BUFEN control bit should be set in order to enable the IC
and pulse accumulators holding registers. Otherwise LATQ latching modes are disabled.

Write one into ICLAT bit in MCCTL, when LATQ and BUFEN are set will produce latching of input capture and

pulse accumulators registers into their holding registers.

0 Queue mode of Input Capture is enabled. The main timer value is memorized in the IC register by a valid input
pin transition. With a new occurrence of a capture, the value of the IC register will be transferred to its holding
register and the IC register memorizes the new timer value.

1 Latch mode is enabled. Latching function occurs when modulus down-counter reaches zero or a zero is
written into the count register MCCNT (see Section 7.4.1.1.2, “Buffered IC Channels”). With a latching event
the contents of IC registers and 8-bit pulse accumulators are transferred to their holding registers. 8-bit pulse
accumulators are cleared.

7.3.2.25

Precision Timer Prescaler Select Register (PTPSR)

PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPSO

Reset

0 0 0 0 0 0 0 0
Figure 7-47. Precision Timer Prescaler Select Register (PTPSR)

Read: Anytime

Write: Anytime

All bits reset to zero.

Table 7-31. PTPSR Field Descriptions

Field Description
7:0 Precision Timer Prescaler Select Bits — These eight bits specify the division rate of the main Timer prescaler.
PTPS[7:0] | These are effective only when the PRNT bit of TSCR1 is set to 1. Table 7-32 shows some selection examples in
this case.
The newly selected prescale factor will not take effect until the next synchronized edge where all prescale counter
stages equal zero.
Table 7-32. Precision Timer Prescaler Selection Examples when PRNT =1
PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPSO P;Zifg‘:e

0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 1 2

0 0 0 0 0 0 1 0 3

0 0 0 0 0 0 1 1 4

0 0 0 0 0 1 0 0 5

0 0 0 0 0 1 0 1 6

0 0 0 0 0 1 1 0 7
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Table 7-32. Precision Timer Prescaler Selection Examples when PRNT =1

PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPSO P;iif::e
0 0 0 0 0 1 1 1 8
0 0 0 0 1 1 1 1 16
0 0 0 1 1 1 1 1 32
0 0 1 1 1 1 1 1 64
0 1 1 1 1 1 1 1 128
1 1 1 1 1 1 1 1 256
7.3.2.26  Precision Timer Modulus Counter Prescaler Select Register (PTMCPSR)
7 6 5 4 3 2 1 0
R
\y| PTMPS7 | PTMPSG | PTMPS5 | PTMPS4 | PTMPS3 | PTMPS2 | PTMPS1 | PTMPSO
Reset 0 0 0 0 0 0 0 0

Figure 7-48. Precision Timer Modulus Counter Prescaler Select Register (PTMCPSR)

Read: Anytime

Write: Anytime

All bits reset to zero.

Table 7-33. PTMCPSR Field Descriptions

Field Description
7:0 Precision Timer Modulus Counter Prescaler Select Bits — These eight bits specify the division rate of the
PTMPS[7:0] | modulus counter prescaler. These are effective only when the PRNT bit of TSCR1 is set to 1. Table 7-34 shows

some possible division rates.

The newly selected prescaler division rate will not be effective until a load of the load register into the modulus
counter count register occurs.

Table 7-34. Precision Timer Modulus Counter Prescaler Select Examples when PRNT =1

PTMPS7

Prescaler
Division
Rate

PTMPS6 PTMPS5 PTMPS4 PTMPS3 PTMPS2 PTMPS1 PTMPSO

[el el Nol ol Nol Nol N

[l Nl Nl Nol ol Nol N
[el el Nol ol Nol Nol N e
[el el Nol ol Nol Nol N
[el Nl Nl Nol ol Nol Ne)
Pl O|O|OC|O
RP|O|O|FRr|FL,|O|O
O|lrRr|[O|(FRr|O|FL|O
N(fo|lo|lb~|lwN
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15

14

13

12

11

10

R TC15 TC14 TC13 TC12 TC11 TC10 TC9 TCS8
W
Reset 0 0 0 0 0 0 0 0
|:|: Unimplemented or Reserved
Figure 7-63. Timer Input Capture Holding Register 3 High (TC3H)
7 6 5 4 3 2 1 0
R TC7 TC6 TC5 TC4 TC3 TC2 TC1 TCO
W
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 7-64. Timer Input Capture Holding Register 3 Low (TC3H)
Read: Anytime
Write: Has no effect.
All bits reset to zero.

These registers are used to latch the value of the input capture registers TCOBTC3. The corresponding
IOSx bits in TIOS should be cleared ($&=ction 7.4.1.1, OIC ChannglsO

7.4  Functional Description

This section provides a complete functional description of the ECT block, detailing the operation of the
design from the end user perspective in a number of subsections.
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Bus Clock g [Timer Prescaler

PO «—>|Pin Logic

P1 <—>Pin Logic

P2 «—>|Pin Logic

P3 <«—>Pin Logic

P4 «—>Pin Logic

P5 <«—>Pin Logic

P6 «—>Pin Logic

Underflow

16-Bit Free-Running : :
> Lz 16-Bit L R
128 Main Timer -1 4.8 16 6-Bit Load Register
16-Bit Modul
Bus Clock ——stModulus Prescaler [—> Dowln Cguﬁtg?
0. RESET
< Comparator
Delay | [ | dTen camtrajmm o
> TCO Capture/Compare Reg.
Counter | EDGO P P 9] —> PACO |
\ A Y
TCOH Hold Reg. | | PAOH Hold Reg. |
0, RESET
< Comparator
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\ A Y-
TCIH Hold Reg. | | PA1H Hold Reg. |
0, RESET
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o[ Doy 7C2 CaptureiCompare Reg. | L »[——FAG ]
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Y Y-
TC2H Hold Reg. | | PA2H Hold Reg. |
0, RESET
< Comparator
S| Doy 7C3 Caplure/Compare Reg. | L»-[—FAGT ]
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Y Y-
TC3H Hold Reg. | | PA3H Hold Reg. |
Y T
< Comparator O
S0 N PSS 3
> TC4 Capture/Compare Reg.
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EDGO— (Force Latch) i
SHO4 T
Y
< Comparator AA
EDG5 [ | | I TeE cantire/Comnare Req
> MUX TC5 Capture/Compare Reg. Write 0x0000
EDGl——> to Modulus Counter
sHis A
Y
< Comparator LATQ L
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> TC6 Capture/Compare Reg.
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SH26 T

P7 <«—>Pin Logic

A
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EDG3 —

MUX

Comparator

TC7 Capture/Compare Reg.
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Figure 7-65. Detailed Timer Block Diagram in Latch Mode when PRNT =0
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+1,23, ..., 256
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Figure 7-66. Detailed Timer Block Diagram in Latch Mode when PRNT =1

Comparator

TC7 Capture/Compare Reg.

MC9S12XDP512 Data Sheet, Rev. 2.21

LATQ L
(MDC Latch Enable)

352

Freescale Semiconductor



Chapter 7 Enhanced Capture Timer (S12ECT16B8CV2)
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Figure 7-67. Detailed Timer Block Diagram in Queue Mode when PRNT =0
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> >| TC4 Capture/Compare Reg. (Queue Mode)
EDGO—»NIUX
A
SHO04 ' >
- Read TC3H >
_ ) Comparator Hold Reg.
P5 <«—>|Pin Logic o e e R
» >| TC5 Capture/Compare Reg.
MUX
EDG1— >
Read TC2H >
SH15 A Hold Reg.
) < Comparator
P6 <—>|Pinlogic| epgg T 1 | (2 7 7 "7-""""---°-
> >»| TC6 Capture/Compare Reg. .
MUX Read TC1H >
EDG2 Hold Reg.
SH26
A\
. . < Comparator
P7 <«—>|Pin Logic ey N P Read TCOH
» >»| TC7 Capture/Compare Reg. Hold Reg.
MUX
EDG3 —>""
SH37 A

Figure 7-68. Detailed Timer Block Diagram in Queue Mode when PRNT =1
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> TIMCLK (Timer Clock)

CLK1—> _
CLKO— 4:1 MUX
A A A A
(o]
™
Prescaled Clock § § Clock Select
(PCLK) gl 2| « (PAMOD) Edge Detector [« P7
| | -
gl 3| g
& &| &
Interrupt <€———
Y

' gBitPAC3 ' gBitPAC2  '|_ <

. (PACN3) 7T pacN2) L[S MUX <

e e e

PACA
Divide by 64 |<—— Bus Clock
Interrupt €«———
! 8-Bit PAC1 ! ! 8-Bit PACO L _
. (PACNL) ¥ (pacNo) S Delay Counter <
PACB
Edge Detector < PO

Figure 7-70. 16-Bit Pulse Accumulators Block Diagram

16-Bit Main Timer

Px - Edge - Delay [ o D: —
"1 Detector ~1 Counter '"

TCx Input j>_> Set CxF
Capture Register Interrupt
LATQ €TF

Y

TCxH I.C. BUFEN €
Holding Register

MOD

Figure 7-71. Block Diagram for Port 7 with Output Compare/Pulse Accumulator A
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Chapter 7 Enhanced Capture Timer (S12ECT16B8CV2)

7.4.1 Enhanced Capture Timer Modes of Operation

The enhanced capture timer has 8 input capture, output compare (IC/OC) channels, same as on the HC1
standard timer (timer channels TCO to TC7). When channels are selected as input capture by selecting the
IOSx bit in TIOS register, they are called input capture (IC) channels.

Four IC channels (channels 7b4) are the same as on the standard timer with one capture register each th
memorizes the timer value captured by an action on the associated input pin.

Four other IC channels (channels 3D0), in addition to the capture register, also have one buffer each callec
a holding register. This allows two different timer values to be saved without generating any interrupts.

Four 8-bit pulse accumulators are associated with the four buffered IC channels (channels 3D0). Each puls
accumulator has a holding register to memorize their value by an action on its external input. Each pair of
pulse accumulators can be used as a 16-bit pulse accumulator.

The 16-bit modulus down-counter can control the transfer of the IC registers and the pulse accumulator:
contents to the respective holding registers for a given period, every time the count reaches zero.

The modulus down-counter can also be used as a stand-alone time base with periodic interrupt capability

7.4.1.1 IC Channels

The IC channels are composed of four standard IC registers and four buffered IC channels.
¥ An IC register is empty when it has been read or latched into the holding register.
¥ A holding register is empty when it has been read.

74111 Non-Buffered IC Channels

The main timer value is memorized in the IC register by a valid input pin transition. If the corresponding
NOVWHx bit of the ICOVW register is cleared, with a new occurrence of a capture, the contents of IC
register are overwritten by the new value. If the corresponding NOVW(x bit of the ICOVW register is set,
the capture register cannot be written unless it is empty. This will prevent the captured value from being
overwritten until it is read.

74.1.1.2 Buffered IC Channels

There are two modes of operations for the buffered IC channels:
1. IC latch mode (LATQ =1)
The maintimer value is memorized in the IC register by a valid input pin transitior(gees 7-65
andFigure 7-69.
The value of the buffered IC register is latched to its holding register by the modulus counter for a

given period when the count reaches zero, by a write 0x0000 to the modulus counter or by a write
to ICLAT in the MCCTL register.

If the corresponding NOVW(x bit of the ICOVW register is cleared, with a new occurrence of a
capture, the contents of IC register are overwritten by the new value. In case of latching, the
contents of its holding register are overwritten.
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If the corresponding NOVW(x bit of the ICOVW register is set, the capture register or its holding
register cannot be written by an event unless they are emptysésemn 7.4.1.1, OIC ChannglsO
This will prevent the captured value from being overwritten until it is read or latched in the holding

register.

2. IC Queue Mode (LATQ =0)
The maintimer value is memorized in the IC register by a valid input pin transitiorr(gees 7-67
andFigure 7-6§.
If the corresponding NOVWx bit of the ICOVW register is cleared, with a new occurrence of a
capture, the value of the IC register will be transferred to its holding register and the IC register
memorizes the new timer value.

If the corresponding NOVW(x bit of the ICOVW register is set, the capture register or its holding
register cannot be written by an event unless they are emptgdgseen 7.4.1.1, OIC ChannglsO

In gueue mode, reads of the holding register will latch the corresponding pulse accumulator value
to its holding register.

7.4.1.1.3 Delayed IC Channels

There are four delay counters in this module associated with IC channels 0B3. The use of this feature is
explained in the diagram and notes below.

DLY_CNT >< 0 X 1 >< 2 >< 3 >CSD< 253>< 254>< 255>:< 256><

INPUT ON J( oo el | 1 Rejected
CHO-3 255 Cycles

INPUT ON € > | .
CHO0-3 : 255.5 Cycles I T Rejected
|
|
INPUT ON H -
................................ )
CHO-3 1 255.5 Cycles | \_ Accepted
|
| |
INPUT ON J‘ o T Accented
CHO0-3 : 256 Cycles | ceepte

| |
Figure 7-72. Channel Input Validity with Delay Counter Feature

In Figure 7-72a delay counter value of 256 bus cycles is considered.
1. Input pulses with a duration of (DLY_CNT D 1) cycles or shorter are rejected.

2. Input pulses with a duration between (DLY_CNT D 1) and DLY_CNT cycles may be rejected or
accepted, depending on their relative alignment with the sample points.

3. Input pulses with a duration between (DLY_CNT P 1) and DLY_CNT cycles may be rejected or
accepted, depending on their relative alignment with the sample points.

4. Input pulses with a duration of DLY_CNT or longer are accepted.

MC9S12XDP512 Data Sheet, Rev. 2.21

358 Freescale Semiconductor



Chapter 7 Enhanced Capture Timer (S12ECT16B8CV2)

7.4.1.2 OC Channel Initialization

Internal register whose output drives OCx when TIOS is set, can be force loaded with a desired data by
writing to CFORC register before OCx is conbgured for output compare action. This allows a glitch free
switch over of port from general purpose 1/O to timer output once the output compare is enabled.

7.4.1.3 Pulse Accumulators

There are four 8-bit pulse accumulators with four 8-bit holding registers associated with the four IC
buffered channels 3D0. A pulse accumulator counts the number of active edges at the input of its channe

The minimum pulse width for the PAI input is greater than two bus clocks.The maximum input frequency
on the pulse accumulator channel is one half the bus frequency or Eclk.

The user can prevent the 8-bit pulse accumulators from counting further than OxO0FF by utilizing the
PACMX control bit in the ICSYS register. In this case, a value of OxOOFF means that 255 counts or more
have occurred.

Each pair of pulse accumulators can be used as a 16-bit pulse accumuldtay(seé-70).

Pulse accumulator B operates only as an event counter, it does not feature gated time accumulation
mode.The edge control for pulse accumulator B as a 16-bit pulse accumulator is debPned by TCTL4[1:0]

To operate the 16-bit pulse accumulators A and B (PACA and PACB) independently of input capture or
output compare 7 and 0O respectively, the user must set the corresponding bits: IOSx =1, OMx = 0, and
OLx =0. OC7M7 or OC7MO in the OC7M register must also be cleared.
There are two modes of operation for the pulse accumulators:

¥ Pulse accumulator latch mode

The value of the pulse accumulator is transferred to its holding register when the modulus
down-counter reaches zero, a write 0x0000 to the modulus counter or when the force latch control
bit ICLAT is written.

At the same time the pulse accumulator is cleared.
¥ Pulse accumulator queue mode

When queue mode is enabled, reads of an input capture holding register will transfer the contents
of the associated pulse accumulator to its holding register.

At the same time the pulse accumulator is cleared.

7.4.1.4 Modulus Down-Counter

The modulus down-counter can be used as a time base to generate a periodic interrupt. It can also be use
to latch the values of the IC registers and the pulse accumulators to their holding registers.

The action of latching can be programmed to be periodic or only once.
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7.4.3 Interrupts

This section describes interrupts originated by the ECT block. The MCU must service the interrupt
requestsTable 7-37lists the interrupts generated by the ECT to communicate with the MCU.

Table 7-37. ECT Interrupts

Interrupt Source Description
Timer channel 7-0 Active high timer channel interrupts 7-0
Modulus counter underflow Active high modulus counter interrupt
Pulse accumulator B overflow Active high pulse accumulator B interrupt
Pulse accumulator A input Active high pulse accumulator A input interrupt
Pulse accumulator A overflow Pulse accumulator overflow interrupt
Timer overflow Timer Overflow interrupt

The ECT only originates interrupt requests. The following is a description of how the module makes a
request and how the MCU should acknowledge that request. The interrupt vector offset and interrupt
number are chip dependent.

7.4.3.1 Channel [7:0] Interrupt

This active high output will be asserted by the module to request a timer channel 7D0 interrupt to be
serviced by the system controller.

7.4.3.2 Modulus Counter Interrupt

This active high output will be asserted by the module to request a modulus counter underf3ow interrupt
to be serviced by the system controller.

7.4.3.3 Pulse Accumulator B Overflow Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator B overf3ow
interrupt to be serviced by the system controller.

7.4.3.4 Pulse Accumulator A Input Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator A input
interrupt to be serviced by the system controller.

7.4.3.5 Pulse Accumulator A Overflow Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator A overf3ow
interrupt to be serviced by the system controller.

7.4.3.6 Timer Overflow Interrupt

This active high output will be asserted by the module to request a timer over3ow interrupt to be serviced
by the system controller.
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Chapter 8
Pulse-Width Modulator (S12PWM8B8CV1)

8.1 Introduction

The PWM debnition is based on the HC12 PWM dePnitions. It contains the basic features from the HC11
with some of the enhancements incorporated on the HC12: center aligned output mode and four available
clock sources.The PWM module has eight channels with independent control of left and center aligned
outputs on each channel.

Each of the eight channels has a programmable period and duty cycle as well as a dedicated counter. A
Bexible clock select scheme allows a total of four different clock sources to be used with the counters. Each
of the modulators can create independent continuous waveforms with software-selectable duty rates from
0% to 100%. The PWM outputs can be programmed as left aligned outputs or center aligned outputs.

8.1.1 Features

The PWM block includes these distinctive features:

Eight independent PWM channels with programmable period and duty cycle
Dedicated counter for each PWM channel

Programmable PWM enable/disable for each channel

Software selection of PWM duty pulse polarity for each channel

Period and duty cycle are double buffered. Change takes effect when the end of the effective period
is reached (PWM counter reaches zero) or when the channel is disabled.

Programmable center or left aligned outputs on individual channels

Eight 8-bit channel or four 16-bit channel PWM resolution

Four clock sources (A, B, SA, and SB) provide for a wide range of frequencies
Programmable clock select logic

Emergency shutdown

K K K K K

K K K K K

8.1.2 Modes of Operation

There is a software programmable option for low power consumption in wait mode that disables the input
clock to the prescaler.

In freeze mode there is a software programmable option to disable the input clock to the prescaler. This is
useful for emulation.
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8.1.3 Block Diagram
Figure 8-1shows the block diagram for the 8-bit 8-channel PWM block.

PWM8BS8C PWM Channels
Channel 7
- > PWM7
| Period and Duty| | Counter |
Channel 6
| Poriod and D | | c | > PWM6
eriod and Duty ounter
Bus Clock >| Clock Select PWM Clock;
Channel 5
_ > PWM5
| Period and Duty| | Counter |
Control I
Channel 4
- > PWM4
| Period and Duty| | Counter |
Channel 3
_ > PWM3
Enable > | Period and Duty| | Counter |
Polarity > Channel 2 > PWM2
| Period and Duty| | Counter |
Alignment >
Channel 1
_ >  PWM1
| Period and Duty| | Counter |
Channel 0
| Period and Duty| | Counter | > PWMO

Figure 8-1. PWM Block Diagram

8.2 External Signal Description

The PWM module has a total of 8 external pins.

8.2.1 PWM7 — PWM Channel 7

This pin serves as waveform output of PWM channel 7 and as an input for the emergency shutdown
feature.

8.2.2 PWM6 — PWM Channel 6

This pin serves as waveform output of PWM channel 6.
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8.2.3 PWM5 — PWM Channel 5

This pin serves as waveform output of PWM channel 5.

8.2.4 PWM4 — PWM Channel 4

This pin serves as waveform output of PWM channel 4.

8.2.5 PWM3 — PWM Channel 3

This pin serves as waveform output of PWM channel 3.

8.2.6 PWM3 — PWM Channel 2

This pin serves as waveform output of PWM channel 2.

8.2.7 PWM3 — PWM Channel 1

This pin serves as waveform output of PWM channel 1.

8.2.8 PWM3 — PWM Channel O

This pin serves as waveform output of PWM channel O.

8.3 Memory Map and Register Definition

Chapter 8 Pulse-Width Modulator (S12PWM8B8CV1)

This section describes in detail all the registers and register bits in the PWM module.

The special-purpose registers and register bit functions that are not normally available to device end users
such as factory test control registers and reserved registers, are clearly identiPed by means of shading th
appropriate portions of address maps and register diagrams. Notes explaining the reasons for restricting

access to the registers and functions are also explained in the individual register descriptions.

8.3.1 Module Memory Map

This section describes the content of the registers in the PWM module. The base address of the PWM
module is determined at the MCU level when the MCU is dePned. The register decode map is bxed anc
begins at the brst address of the module address offset. The bgure below shows the registers associate
with the PWM and their relative offset from the base address. The register detail description follows the

order they appear in the register map.

Reserved bits within a register will always read as 0 and the write will be unimplemented. Unimplemented

functions are indicated by shading the bit. .
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NOTE

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

8.3.2 Register Descriptions

This section describes in detail all the registers and register bits in the PWM module.

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
PWME R
" PWME7 PWME6 PWMES PWME4 PWME3 PWME2 PWME1 PWMEQ
PWMPOL R
" PPOL7 PPOL6 PPOL5 PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
PWMCLK R
" PCLK7 PCLKL6 PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
PWMPRCLK R 0 0
" PCKB2 PCKB1 PCKBO PCKA2 PCKA1 PCKAO
PWMCAE R
" CAE7 CAE6 CAE5 CAE4 CAE3 CAE2 CAE1 CAEO
PWMCTL R 0 0
" CON67 CON45 CON23 CONO1 PSWAI PFRZ
PWMTST? R 0 0 0 0 0 0 0 0
W
PWMPRSC! R 0 0 0 0 0 0 0 0
W
PWMSCLA R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMSCLB R , .
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMSCNTA R 0 0 0 0 0 0 0 0
1
W
PWMSCNTB R 0 0 0 0 0 0 0 0
1

I:I = Unimplemented or Reserved

Figure 8-2. PWM Register Summary (Sheet 1 of 3)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
PWMPER7 R
Bit 7 6 5 4 3 2 1 Bit O
W
PWMDTYO R , ,
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTYL R
Bit 7 6 5 4 3 2 1 Bit O
W
PWMDTY2 R
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTY3 R , ,
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTY4 R
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTY5 R
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTY6 R , ,
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMDTY7 R
Bit 7 6 5 4 3 2 1 Bit 0
W
PWMSDN R 0 0 PWM7IN
PWMIE | PWMIE PWMLVL PWM7INL | PWM7ENA
PWMRSTRT

I:I = Unimplemented or Reserved

Figure 8-2. PWM Register Summary (Sheet 3 of 3)
1 Intended for factory test purposes only.

8.3.2.1 PWM Enable Register (PWME)

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEX
bits are set (PWMEXx = 1), the associated PWM output is enabled immediately. However, the actual PWM
waveform is not available on the associated PWM output until its clock source begins its next cycle due to
the synchronization of PWMEXx and the clock source.
NOTE
The brst PWM cycle after enabling the channel can be irregular.

An exception to this is when channels are concatenated. Once concatenated mode is enabled (CONXxx bit
setin PWMCTL register), enabling/disabling the corresponding 16-bit PWM channel is controlled by the
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NOTE

PCKB2b0 and PCKA2DO register bits can be written anytime. If the clock
pre-scale is changed while a PWM signal is being generated, a truncated or
stretched pulse can occur during the transition.

Table 8-4. PWMPRCLK Field Descriptions

Field Description

6-4 Prescaler Select for Clock B — Clock B is one of two clock sources which can be used for channels 2, 3, 6, or
PCKBJ[2:0] |7. These three bits determine the rate of clock B, as shown in Table 8-5.

2-0 Prescaler Select for Clock A — Clock A is one of two clock sources which can be used for channels 0, 1, 4 or
PCKA[2:0] |5. These three bits determine the rate of clock A, as shown in Table 8-6.

Table 8-5. Clock B Prescaler Selects

PCKB2 PCKB1 PCKBO Value of Clock B

0 0 0 Bus clock

0 0 1 Bus clock / 2

0 1 0 Bus clock / 4

0 1 1 Bus clock / 8

1 0 0 Bus clock / 16
1 0 1 Bus clock / 32
1 1 0 Bus clock / 64
1 1 1 Bus clock / 128

Table 8-6. Clock A Prescaler Selects

PCKA2 PCKA1 PCKAO Value of Clock A

0 0 0 Bus clock

0 0 1 Bus clock / 2

0 1 0 Bus clock / 4

0 1 1 Bus clock / 8

1 0 0 Bus clock / 16
1 0 1 Bus clock / 32

1 1 0 Bus clock / 64
1 1 1 Bus clock / 128

8.3.2.5 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 8.4.2.5, OLeft Aligned OutpugtdSection 8.4.2.6, OCenter Aligned Outpdits@ more detailed
description of the PWM output modes.

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

Figure 8-7. PWM Center Align Enable Register (PWMCAE)
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NOTE

Writing to these registers when in special modes can alter the PWM
functionality.

8.3.2.12 PWM Channel Counter Registers (PWMCNTX)

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source
The counter can be read at any time without affecting the count or the operation of the PWM channel. In
left aligned output mode, the counter counts from 0 to the value in the period register - 1. In center aligned
output mode, the counter counts from O up to the value in the period register and then back down to 0.

Any value written to the counter causes the counter to reset to $00, the counter direction to be set to up,
the immediate load of both duty and period registers with values from the buffers, and the output to change
according to the polarity bit. The counter is also cleared at the end of the effective period (see

Section 8.4.2.5, OLeft Aligned OutputstdSection 8.4.2.6, OCenter Aligned Outpidts@nore details).

When the channel is disabled (PWMEXx = 0), the PWMCNTX register does not count. When a channel
becomes enabled (PWMEXx = 1), the associated PWM counter starts at the count in the PWMCNTX
register. For more detailed information on the operation of the counterSesgien 8.4.2.4, OPWM Timer
CountersO

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low or
high order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.

NOTE
Writing to the counter while the channel is enabled can cause an irregular PWM cycle to occur.
7 6 5 4 3 2 1 0
R| Bit7 6 5 4 3 2 1 Bit 0
W 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0

Figure 8-14. PWM Channel Counter Registers (PWMCNTX)
Read: Anytime

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

8.3.2.13 PWM Channel Period Registers (PWMPERX)

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

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

¥ The effective period ends

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

¥ The channel is disabled
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NOTE

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

SeeSection 8.4.2.3, OPWM Period and DuftyCGnore information.

NOTE

Depending on the polarity bit, the duty registers will contain the count of
either the high time or the low time. If the polarity bit is one, the output starts
high and then goes low when the duty count is reached, so the duty registers
contain a count of the high time. If the polarity bit is zero, the output starts
low and then goes high when the duty count is reached, so the duty registers
contain a count of the low time.

To calculate the output duty cycle (high time as a% of period) for a particular channel:
¥ Polarity = 0 (PPOL x =0)
Duty Cycle = [[PWMPERX-PWMDTYx)/PWMPERX] * 100%
¥ Polarity =1 (PPOLx = 1)
Duty Cycle = [PWMDTYx / PWMPERX] * 100%
For boundary case programming values, please refsedton 8.4.2.8, OPWM Boundary CasesO

7

6

5

4

3

2

1

0

Bit 7

6

5

4

3

2

1

Bit O

Read: Anytime

Write: Anytime

8.3.2.1

5 PWM Shutdown Register (PWMSDN)

The PWMSDN register provides for the shutdown functionality of the PWM module in the emergency
cases. For proper operation, channel 7 must be driven to the active level for a minimum of two bus clocks.

7

1

Figure 8-16. PWM Channel Duty Registers (PWMDTYXx)

6

1

5

1

4

1

3

1

2

1

1

0

R 0 PWM7IN
PWMIF PWMIE PWMLVL PWM7INL | PWM7ENA
w PWMRSTRT
Reset 0 0 0 0 0 0 0 0
|:|: Unimplemented or Reserved
Figure 8-17. PWM Shutdown Register (PWMSDN)
Read: Anytime
Write: Anytime
MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 379



Chapter 8 Pulse-Width Modulator (S12PWM8B8CV1)

Table 8-9. PWMSDN Field Descriptions

Field Description
7 PWM Interrupt Flag — Any change from passive to asserted (active) state or from active to passive state will
PWMIF be flagged by setting the PWMIF flag = 1. The flag is cleared by writing a logic 1 to it. Writing a 0 has no effect.
0 No change on PWMT7IN input.
1 Change on PWM7IN input
6 PWM Interrupt Enable — If interrupt is enabled an interrupt to the CPU is asserted.
PWMIE 0 PWM interrupt is disabled.
1 PWAM interrupt is enabled.
5 PWM Restart — The PWM can only be restarted if the PWM channel input 7 is de-asserted. After writing a logic
PWMRSTRT | 1 to the PWMRSTRT bit (trigger event) the PWM channels start running after the corresponding counter passes
next “counter == 0" phase. Also, if the PWM7ENA bit is reset to 0, the PWM do not start before the counter
passes $00. The bit is always read as “0".
4 PWM Shutdown Output Level If active level as defined by the PWM7IN input, gets asserted all enabled PWM
PWMLVL | channels are immediately driven to the level defined by PWMLVL.
0 PWM outputs are forced to 0
1 Outputs are forced to 1.
2 PWM Channel 7 Input Status — This reflects the current status of the PWM7 pin.
PWM7IN
1 PWM Shutdown Active Input Level for Channel 7 — If the emergency shutdown feature is enabled
PWM7INL | (PWM7ENA = 1), this bit determines the active level of the PWM7channel.
0 Active level is low
1 Active level is high
0 PWM Emergency Shutdown Enable — If this bit is logic 1, the pin associated with channel 7 is forced to input
PWM7ENA | and the emergency shutdown feature is enabled. All the other bits in this register are meaningful only if
PWM7ENA = 1.
0 PWM emergency feature disabled.
1 PWM emergency feature is enabled.
8.4  Functional Description
8.4.1 PWM Clock Select

There are four available clocks: clock A, clock B, clock SA (scaled A), and clock SB (scaled B). These
four clocks are based on the bus clock.

Clock A and B can be software selected to be 1, 1/2, 1/4, 1/8,..., 1/64, 1/128 times the bus clock. Clock SA
uses clock A as an input and divides it further with a reloadable counter. Similarly, clock SB uses clock B
as an input and divides it further with a reloadable counter. The rates available for clock SA are software
selectable to be clock A divided by 2, 4, 6, 8,..., or 512 in increments of divide by 2. Similar rates are
available for clock SB. Each PWM channel has the capability of selecting one of two clocks, either the
pre-scaled clock (clock A or B) or the scaled clock (clock SA or SB).

The block diagram ifrigure 8-18shows the four different clocks and how the scaled clocks are created.
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Figure 8-18. PWM Clock Select Block Diagram
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8.4.2 PWM Channel Timers

The main part of the PWM module are the actual timers. Each of the timer channels has a counter, a perioc
register and a duty register (each are 8-bit). The waveform output period is controlled by a match between
the period register and the value in the counter. The duty is controlled by a match between the duty register
and the counter value and causes the state of the output to change during the period. The starting polarity
of the output is also selectable on a per channel basis. Shown bélmuria 8-19is the block diagram

for the PWM timer.

Clock Source

From Port PWMP

8-Bit Counter ;
Gate - Data Register
PWMCNTX
(Clock Edge A A
Sync)
Up/Down Reset 8-bit Compare =
PWMDTYx “lu U —»
Q| X X | To Pin
R Driver

8-bit Compare =

>
>

>

>

PWMPERX Y

CAEX

] d

Ol ©

PWMEXx
Figure 8-19. PWM Timer Channel Block Diagram

8.4.2.1 PWM Enable

Each PWM channel has an enable bit (PWMEX) to start its waveform output. When any of the PWMEX
bits are set (PWMEXx = 1), the associated PWM output signal is enabled immediately. However, the actual
PWM waveform is not available on the associated PWM output until its clock source begins its next cycle

due to the synchronization of PWMEX and the clock source. An exception to this is when channels are

concatenated. Refer &ection 8.4.2.7, OPWM 16-Bit FunctiofieOmore detail.

NOTE
The brst PWM cycle after enabling the channel can be irregular.
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On the front end of the PWM timer, the clock is enabled to the PWM circuit by the PWMEX bit being high.
There is an edge-synchronizing circuit to guarantee that the clock will only be enabled or disabled at an
edge. When the channel is disabled (PWMEXx = 0), the counter for the channel does not count.

8.4.2.2 PWM Polarity

Each channel has a polarity bit to allow starting a waveform cycle with a high or low signal. This is shown
on the block diagram as a mux select of either the Q output @ theput of the PWM output Rip Rop.
When one of the bits in the PWMPOL register is set, the associated PWM channel output is high at the
beginning of the waveform, then goes low when the duty count is reached. Conversely, if the polarity bit
is zero, the output starts low and then goes high when the duty count is reached.

8.4.2.3 PWM Period and Duty

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

¥ The effective period ends
¥ The counter is written (counter resets to $00)
¥ The channel is disabled

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

A change in duty or period can be forced into effect OimmediatelyO by writing the new value to the duty
and/or period registers and then writing to the counter. This forces the counter to reset and the new duty
and/or period values to be latched. In addition, since the counter is readable, it is possible to know where
the count is with respect to the duty value and software can be used to make adjustments

NOTE

When forcing a new period or duty into effect immediately, an irregular
PWM cycle can occur.

Depending on the polarity bit, the duty registers will contain the count of
either the high time or the low time.

8.4.2.4 PWM Timer Counters

Each channel has a dedicated 8-bit up/down counter which runs at the rate of the selected clock source (se
Section 8.4.1, OPWM Clock Selefafthe available clock sources and rates). The counter compares to
two registers, a duty register and a period register as shdwauire 8-19 When the PWM counter

matches the duty register, the output Rip-Bop changes state, causing the PWM waveform to also chang
state. A match between the PWM counter and the period register behaves differently depending on wha
output mode is selected as showrFigure 8-19%nd described iBection 8.4.2.5, OLeft Aligned OutputsO
andSection 8.4.2.6, OCenter Aligned OutputsO
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Each channel counter can be read at anytime without affecting the count or the operation of the PWM
channel.

Any value written to the counter causes the counter to reset to $00, the counter direction to be set to up,
the immediate load of both duty and period registers with values from the buffers, and the output to change
according to the polarity bit. When the channel is disabled (PWMEXx = 0), the counter stops. When a
channel becomes enabled (PWMEXx = 1), the associated PWM counter continues from the count in the
PWMCNTX register. This allows the waveform to continue where it left off when the channel is
re-enabled. When the channel is disabled, writing O0O to the period register will cause the counter to rese
on the next selected clock.

NOTE

If the user wants to start a new OcleanO PWM waveform without any
OhistoryO from the old waveform, the user must write to channel counter
(PWMCNTX) prior to enabling the PWM channel (PWMEXx = 1).

Generally, writes to the counter are done prior to enabling a channel in order to start from a known state.
However, writing a counter can also be done while the PWM channel is enabled (counting). The effect is
similar to writing the counter when the channel is disabled, except that the new period is started
immediately with the output set according to the polarity bit.

NOTE

Writing to the counter while the channel is enabled can cause an irregular
PWM cycle to occur.

The counter is cleared at the end of the effective period $setion 8.4.2.5, OLeft Aligned Outputatd
Section 8.4.2.6, OCenter Aligned Outpdics@ore details).

Table 8-10. PWM Timer Counter Conditions

Counter Clears ($00) Counter Counts Counter Stops
When PWMCNTX register written to When PWM channel is enabled When PWM channel is disabled
any value (PWMEXx = 1). Counts from last value in (PWMEXx = 0)
Effective period ends PWMCNTX.

8.4.2.5 Left Aligned Outputs

The PWM timer provides the choice of two types of outputs, left aligned or center aligned. They are
selected with the CAEX bits in the PWMCAE register. If the CAEX bit is cleared (CAEx = 0), the
corresponding PWM output will be left aligned.

In left aligned output mode, the 8-bit counter is conbgured as an up counter only. It compares to two
registers, a duty register and a period register as shown in the block diagjianr&8-19 When the

PWM counter matches the duty register the output Rip-3op changes state causing the PWM waveform to
also change state. A match between the PWM counter and the period register resets the counter and th
output Bip-Bop, as shown iAgure 8-19 as well as performing a load from the double buffer period and
duty register to the associated registers, as descritetion 8.4.2.3, OPWM Period and Dufiiie

counter counts from 0O to the value in the period register b 1.
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NOTE

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

PPOLXx =0

PPOLx =1

PWMDTYx

Period = PWMPERX

Y

Figure 8-20. 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):
N Polarity = 0 (PPOLXx = 0)

¥ Duty Cycle = [[PWMPERXx-PWMDTYx)/PWMPERX] * 100%
N 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)

PPOLXx =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 showfimure 8-21
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E=100ns _, | |
>
I I

I I
<«—  Duty Cycle = 75% —M >
|

| |
i Period = 400 ns |
I

[ [ [
Figure 8-21. PWM Left Aligned Output Example Waveform

>
>
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8.4.2.6 Center Aligned Outputs

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

The 8-bit counter operates as an up/down counter in this mode and is set to up whenever the counter is
equal to $00. The counter compares to two registers, a duty register and a period register as shown in the
block diagram irFigure 8-19 When the PWM counter matches the duty register, the output Rip-Rop
changes state, causing the PWM waveform to also change state. A match between the PWM counter anc
the period register changes the counter direction from an up-count to a down-count. When the PWM
counter decrements and matches the duty register again, the output Rip-3op changes state causing the
PWM output to also change state. When the PWM counter decrements and reaches zero, the counter
direction changes from a down-count back to an up-count and a load from the double buffer period and
duty registers to the associated registers is performed, as descriBedtion 8.4.2.3, OPWM Period and
DutyO The counter counts from 0 up to the value in the period register and then back down to 0. Thus the
effective period is PWMPERX*2.

NOTE

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

PPOLXx =0

PWMDTYx

|
I
I
PPOLx =1 |
I
I

_ PWMDTYx _

<«—— PWMPERX ——»/<«—— PWMPERX ——»
|

Period = PWMPERX*2

Figure 8-22. PWM Center Aligned Output Waveform
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As an example of a center aligned output, consider the following case:
Clock Source = E, where E = 10 MHz (100 ns period)

PPOLXx =0
PWMPERX = 4
PWMDTYx =1

PWMx Frequency = 10 MHz/8 = 1.25 MHz
PWMx Period = 800 ns
PWMx Duty Cycle = 3/4 *100% = 75%

Shown inFigure 8-23is the output waveform generated.

E =100 ns i i
I I I
i i
| |
T |

E =100 ns

A
A

DUTY CYCLE = 75%

PERIODl= 800 ns
| | | |
Figure 8-23. PWM Center Aligned Output Example Waveform

A
Y

8.4.2.7 PWM 16-Bit Functions

The PWM timer also has the option of generating 8-channels of 8-bits or 4-channels of 16-bits for greater
PWM resolution. This 16-bit channel option is achieved through the concatenation of two 8-bit channels.

The PWMCTL register contains four control bits, each of which is used to concatenate a pair of PWM
channels into one 16-bit channel. Channels 6 and 7 are concatenated with the CONG67 bit, channels 4 anc
5 are concatenated with the CON45 bit, channels 2 and 3 are concatenated with the CON23 bit, and
channels 0 and 1 are concatenated with the CONOL1 bit.

NOTE
Change these bits only when both corresponding channels are disabled.

When channels 6 and 7 are concatenated, channel 6 registers become the high order bytes of the doub
byte channel, as shown igure 8-24 Similarly, 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 concatenate
channel 2 registers become the high order bytes of the double byte channel. When channels 0 and 1 art
concatenated, channel O registers become the high order bytes of the double byte channel.

When using the 16-bit concatenated mode, the clock source is determined by the low order 8-bit channel
clock select control bits. That is channel 7 when channels 6 and 7 are concatenated, channel 5 when
channels 4 and 5 are concatenated, channel 3 when channels 2 and 3 are concatenated, and channel 1 wk
channels 0 and 1 are concatenated. The resulting PWM is output to the pins of the corresponding low order
8-bit channel as also shownfiigure 8-24 The polarity of the resulting PWM output is controlled by the
PPOLXx bit of the corresponding low order 8-bit channel as well.
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Clock Source 7

Y High y Low
PWMCNT6 > PWCNT7
Period/Duty Compare ——> PWM7
Clock Source 5
Y High y Low
PWMCNT4 > PWCNT5
Period/Duty Compare ——> PWM5
Clock Source 3
Y High y Low
PWMCNT2 > PWCNT3
Period/Duty Compare ——> PWM3
Clock Source 1
y High y Low
PWMCNTO > PWCNT1
Period/Duty Compare ——> PWM1

Figure 8-24. PWM 16-Bit Mode

Once concatenated mode is enabled (CONxx bits set in PWMCTL register), enabling/disabling the
corresponding 16-bit PWM channel is controlled by the low order PWMEX bit. In this case, the high order
bytes PWMEX bits have no effect and their corresponding PWM output is disabled.

In concatenated mode, writes to the 16-bit counter by using a 16-bit access or writes to either the low or

high order byte of the counter will reset the 16-bit counter. Reads of the 16-bit counter must be made by
16-bit access to maintain data coherency.
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Either left aligned or center aligned output mode can be used in concatenated mode and is controlled by
the low order CAEX bit. The high order CAEX bit has no effect.

Table 8-11is used to summarize which channels are used to set the various control bits when in 16-bit
mode.

Table 8-11. 16-bit Concatenation Mode Summary

CONxx PWMEX PPOLXx PCLKx CAEX g\lj\t/g/ljt
CONG67 PWME7 PPOL7 PCLK7 CAE7 PWM7
CON45 PWMES5 PPOLS5 PCLK5 CAES5S PWM5
CON23 PWME3 PPOL3 PCLK3 CAE3 PWM3
CONO1 PWME1 PPOL1 PCLK1 CAE1l PWM1

8.4.2.8 PWM Boundary Cases

Table 8-12summarizes the boundary conditions for the PWM regardless of the output mode (left aligned
or center aligned) and 8-bit (normal) or 16-bit (concatenation).

Table 8-12. PWM Boundary Cases

PWMDTYx PWMPERX PPOLX PWMx Output
$00 >$00 1 Always low
(indicates no duty)
$00 >$00 0 Always high
(indicates no duty)
XX $00! 1 Always high
(indicates no period)
XX $00! 0 Always low
(indicates no period)
>= PWMPERXx XX 1 Always high
>= PWMPERX XX 0 Always low

1 Counter = $00 and does not count.

8.5 Resets

The reset state of each individual bit is listed withinSketion 8.3.2, ORegister Descriptiowizh
details the registers and their bit-Pelds. All special functions or modes which are initialized during or just
following reset are described within this section.

¥ The 8-bit up/down counter is conbgured as an up counter out of reset.
¥ All the channels are disabled and all the counters do not count.
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Chapter 9
Inter-Integrated Circuit (IICV2) Block Description

9.1 Introduction

The inter-IC bus (lIC) is a two-wire, bidirectional serial bus that provides a simple, efbPcient method of data
exchange between devices. Being a two-wire device, the IIC bus minimizes the need for large numbers of
connections between devices, and eliminates the need for an address decoder.

This bus is suitable for applications requiring occasional communications over a short distance between a
number of devices. It also provides Rexibility, allowing additional devices to be connected to the bus for
further expansion and system development.

The interface is designed to operate up to 100 kbps with maximum bus loading and timing. The device is
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

91.1 Features

The 11IC module has the following key features:

Compatible with 12C bus standard

Multi-master operation

Software programmable for one of 256 different serial clock frequencies
Software selectable acknowledge bit

Interrupt driven byte-by-byte data transfer

Arbitration lost interrupt with automatic mode switching from master to slave
Calling address identibcation interrupt

Start and stop signal generation/detection

Repeated start signal generation

Acknowledge bit generation/detection

Bus busy detection

K K K K K K K K K K K
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9.1.2 Modes of Operation

The IIC functions the same in normal, special, and emulation modes. It has two low power modes: wait
and stop modes.

9.1.3 Block Diagram
The block diagram of the 11IC module is showrfFigure 9-1

lc

Start

Stop
Arbitration
Control

Registers

Interrupt
- In/Out «——» SCL
Clock Data

bus_clock Control Shift

Address
Compare

Figure 9-1. lIC Block Diagram
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9.2  External Signal Description

The 1ICV2 module has two external pins.

9.2.1 lIC_SCL — Serial Clock Line Pin

This is the bidirectional serial clock line (SCL) of the module, compatible to the 1IC bus specibcation.

9.2.2 IIC_SDA — Serial Data Line Pin

This is the bidirectional serial data line (SDA) of the module, compatible to the 1IC bus specibcation.

9.3 Memory Map and Register Definition

This section provides a detailed description of all memory and registers for the 11C module.

9.3.1 Module Memory Map

The memory map for the IIC module is given belowdle 1-1 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 11IC module an
the address offset for each register.
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9.3.2.2 IIC Frequency Divider Register (IBFD)
7 6 5 4 3 2 1 0
R
IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-4. lIC Bus Frequency Divider Register (IBFD)

Read and write anytime

Table 9-2. IBFD Field Descriptions

Field Description
7:0 I Bus Clock Rate 7:0 — This field is used to prescale the clock for bit rate selection. The bit clock generator is
IBC[7:0] [implemented as a prescale divider — IBC7:6, prescaled shift register — IBC5:3 select the prescaler divider and

IBC2-0 select the shift register tap point. The IBC bits are decoded to give the tap and prescale values as shown
in Table 9-3.

Table 9-3. I-Bus Tap and Prescale Values

IBC2-0 SCL Tap SDA Tap
(bin) (clocks) (clocks)
000 5 1
001 6 1
010 7 2
011 8 2
100 9 3
101 10 3
110 12 4
111 15 4
IBC5-3 scl2start scl2stop scl2tap tap2tap
(bin) (clocks) (clocks) (clocks) (clocks)
000 2 7 4 1
001 2 7 4 2
010 2 9 6 4
011 6 9 6 8
100 14 17 14 16
101 30 33 30 32
110 62 65 62 64
111 126 129 126 128
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Table 9-4. Multiplier Factor

IBC7-6 MUL
00 01
01 02
10 04
11 RESERVED

The number of clocks from the falling edge of SCL to the brst tap (Tap[1]) is dePned by the values shown
in the scl2tap column afable 9-3 all subsequent tap points are separated®¥?2 as shown in the

tap2tap column ifable 9-3 The SCL Tap is used to generated the SCL period and the SDA Tap is used
to determine the delay from the falling edge of SCL to SDA changing, the SDA hold time.

IBC7D6 debnes the multiplier factor MUL. The values of MUL are shown ifethie 9-4

[ [
- — — » SCL Divider |- — — -

I | |
SCL
| |

|
|
|
| |
SDA -l _____ SDAHold
| |
|
|
|

S Y R

— |<@——SCL Hold(start) — |~——SCL Hold(stop)
I | _ | | _
I I I I
SCL | |
I I I I
| | | |
START condition STOP condition

Figure 9-5. SCL Divider and SDA Hold

The equation used to generate the divider values from the IBFD bits is:
SCL Divider = MUL x {2 x (scl2tap + [(SCL_Tap -1) x tap2tap] + 2)}
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The SDA hold delay is equal to the CPU clock period multiplied by the SDA Hold value shown in
Table 9-5 The equation used to generate the SDA Hold value from the IBFD bits is:

SDA Hold = MUL x {scl2tap + [(SDA_Tap - 1) x tap2tap] + 3}

The equation for SCL Hold values to generate the start and stop conditions from the IBFD bits is:
SCL Hold(start) = MUL x [scl2start + (SCL_Tap - 1) x tap2tap]
SCL Hold(stop) = MUL x [scl2stop + (SCL_Tap - 1) x tap2tap]

Table 9-5. IIC Divider and Hold Values (Sheet 1 of 5)

IBC[7:0] SCL Divider SDA Hold SCL Hold SCL Hold
(hex) (clocks) (clocks) (start) (stop)
MUL=1

00 20 7 6 11
01 22 7 7 12
02 24 8 8 13
03 26 8 9 14
04 28 9 10 15
05 30 9 11 16
06 34 10 13 18
07 40 10 16 21
08 28 7 10 15
09 32 7 12 17
0A 36 9 14 19
0B 40 9 16 21
oc 44 11 18 23
oD 48 11 20 25
OE 56 13 24 29
OF 68 13 30 35
10 48 9 18 25
11 56 9 22 29
12 64 13 26 33
13 72 13 30 37
14 80 17 34 41
15 88 17 38 45
16 104 21 46 53
17 128 21 58 65
18 80 9 38 41
19 96 9 46 49
1A 112 17 54 57
1B 128 17 62 65
1C 144 25 70 73
1D 160 25 78 81
1E 192 33 94 97
1F 240 33 118 121
20 160 17 78 81
21 192 17 94 97
22 224 33 110 113
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9.4  Functional Description

This section provides a complete functional description of the 1ICV2.

94.1 -Bus Protocol

The IIC bus system uses a serial data line (SDA) and a serial clock line (SCL) for data transfer. All devices
connected to it must have open drain or open collector outputs. Logic AND function is exercised on both
lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, a standard communication is composed of four parts: START signal, slave address transmission,
data transfer and STOP signal. They are described brieRy in the following sections and illustrated in
Figure 9-9

SCL 1 2 3 9 1 2 3| |4 9

| | | | | | | | | | | | | | | |
I | | I [ [ | | [ | I | I | [ | | ! !
so |_[ror| ool ack A Apo Jor Jorle oo | o ob & o o Joo Jor Lo

Start Calling Address Read{ck Data Byte No Stop
Signal Write Bit AB(I:tk Signal
MSB LSB MSB LSB
SCL 1 2 3l 9 1 2| |3] |4 5 9

| | |
| | | | | | | | | | | | | | | |
son|_ o wo} ck e A Yoz fon\en] | [ron{aof s s A foe e

Start Calling Address Readick Repeated New Calling Address Read/ No Stop
Signal Write Bit Start Write Ack Signal
Signal Bit

Figure 9-9. [IC-Bus Transmission Signals

9411 START Signal

When the bus is free, i.e. no master device is engaging the bus (both SCL and SDA lines are at logical
high), a master may initiate communication by sending a START signal.As shdwnure 9-9 a START

signal is debned as a high-to-low transition of SDA while SCL is high. This signal denotes the beginning
of a new data transfer (each data transfer may contain several bytes of data) and brings all slaves out of
their idle states.
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r— r 1
- _ I o I I __
I I / [/
SDA | | \\ | |
[T T | I
(. I I
[ | I
sct | o
I I I I
L [
START Condition STOP Condition

Figure 9-10. Start and Stop Conditions

9.4.1.2 Slave Address Transmission

The brst byte of data transfer immediately after the START signal is the slave address transmitted by the
master. This is a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the slave.

Only the slave with a calling address that matches the one transmitted by the master will respond by
sending back an acknowledge bit. This is done by pulling the SDA low at the 9th clo€ko(see9-9.

No two slaves in the system may have the same address. If the IIC bus is master, it must not transmit ar
address that is equal to its own slave address. The IIC bus cannot be master and slave at the same
time.However, if arbitration is lost during an address cycle the IIC bus will revert to slave mode and operate
correctly even if it is being addressed by another master.

9.4.1.3 Data Transfer

As soon as successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a
direction specibed by the R/W bit sent by the calling master

All transfers that come after an address cycle are referred to as data transfers, even if they carry sub-addres
information for the slave device.

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown iRrigure 9-9 There is one clock pulse on SCL for each data bit, the MSB being
transferred brst. Each data byte has to be followed by an acknowledge bit, which is signalled from the
receiving device by pulling the SDA low at the ninth clock. So one complete data byte transfer needs nine
clock pulses.

If the slave receiver does not acknowledge the master, the SDA line must be left high by the slave. The
master can then generate a stop signal to abort the data transfer or a start signal (repeated start) to
commence a new calling.
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9.5 Resets

The reset state of each individual bit is listediaction 9.3, OMemory Map and Register Debn@awhich
details the registers and their bit-pelds.

9.6 Interrupts

[ICV2 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 1IC. The interrupt service routine can determine the interrupt
type by reading the status register.
[IC Interrupt can be generated on

1. Arbitration lost condition (IBAL bit set)

2. Byte transfer condition (TCF bit set)

3. Address detect condition (IAAS bit set)

The IIC interrupt is enabled by the IBIE bit in the 1IC control register. It must be cleared by writing O to
the IBF bit in the interrupt service routine.

9.7 Initialization/Application Information

9.7.1 lIC Programming Examples

9.7.1.1 Initialization Sequence
Reset will put the IIC bus control register to its default status. Before the interface can be used to transfer
serial data, an initialization procedure must be carried out, as follows:

1. Update the frequency divider register (IBFD) and select the required division ratio to obtain SCL
frequency from system clock.

2. Update the IIC bus address register (IBAD) to debne its slave address.
Set the IBEN bit of the 1IC bus control register (IBCR) to enable the IIC interface system.

4. Modify the bits of the IIC bus control register (IBCR) to select master/slave mode, transmit/receive
mode and interrupt enable or not.

w
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Figure 9-12. Flow-Chart of Typical IIC Interrupt Routine
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10.1.2 Block Diagram

XI RXCAN

<] TXCAN

MSCAN
Oscillator Clock ————» CANCLK Tq Clk
MUX —— | Presc.
Bus Clock — . -t
Receive/
* * Transmit
Engine
———|
Transmit Interrupt Req. =&
Receive Interrupt Req. & Control I\éﬁ:tsesr?ngge
Errors Interrupt Req. & and and
ptireq. Status Buffering
Wake-Up Interrupt Req. =&
Conpbguration
Registers Wake-Up
g 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
— Zero to eight bytes data length
— Programmable bit rate up to 1 Mbps*
— Support for remote frames
» Fivereceive buffers with FIFO storage scheme

» Threetransmit buffers with internal prioritization using a“local priority” concept

* Flexible maskableidentifier 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
* Programmable listen-only mode for monitoring of CAN bus
*  Programmable bus-off recovery functionality

» Separate signalling and interrupt capabilitiesfor all CAN receiver and transmitter error states

(warning, error passive, bus-off)
* Programmable MSCAN clock source either bus clock or oscillator clock

1. Depending on the actual bit timing and the clock jitter of the PLL.
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Figure 10-2. CAN System
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10.3 Memory Map and Register Definition

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

10.3.1 Module Memory Map

Figure 10-3 gives an overview on al registers and their individual bitsin the MSCAN memory map. The
register address results from the addition of base address and address offset. The base addressis
determined at the MCU level and can be found in the MCU memory map description. The address offset
is defined at the module level.

The MSCAN occupies 64 bytes in the memory space. The base address of the MSCAN moduleis
determined at the MCU level when the MCU isdefined. Theregister decode map isfixed and begins at the
first address of the module address offset.

The detailed register descriptions follow in the order they appear in the register map.

Register Bit 7 5 . 4 3 5 ) Bito
Name
0x0000 R RXACT SYNCH

CANCTLO W RXFRM CSWAI TIME WUPE SLPRQ INITRQ
0x0001 SLPAK INITAK

CANCTL1 CANE CLKSRC LOOPB LISTEN BORM WUPM

I:I = Unimplemented or Reserved

Figure 10-3. MSCAN Register Summary
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0014-0x0017 R
CANIDMRX W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0018-0x001B R
CANIDAR4—7 W AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x001C-0x001F R
CANIDMR4-7 |y AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0020-0x002F R _
CANRXFG W See Section 10.3.3, “Programmer’s Model of Message Storage”
0x0030-0x003F R _
CANTXFG W See Section 10.3.3, “Programmer’s Model of Message Storage”

u = Unaffected

I:I = Unimplemented or Reserved

Figure 10-3. MSCAN Register Summary (continued)

10.3.2

This section describesin detail al the registers and register bitsin the MSCAN module. Each description
includes a standard register diagram with an associated figure number. Details of register bit and field
function follow the register diagrams, in bit order. All bits of all registersin this module are completely
synchronousto internal clocks during aregister read.

Register Descriptions

10.3.2.1 MSCAN Control Register 0 (CANCTLO)
The CANCTLO register provides various control bits of the MSCAN module as described below.

7

6

5

4

3

2

1

0

R RXACT SYNCH
RXFRM CSWAI TIME WUPE SLPRQ INITRQ
w
Reset: 0 0 0 0 0 0 0 1
= Unimplemented
Figure 10-4. MSCAN Control Register 0 (CANCTLO)
NOTE
The CANCTLO register, except WUPE, INITRQ, and SLPRQ, isheldinthe
reset state when the initialization mode is active (INITRQ =1 and
INITAK = 1). Thisregister is writable again as soon as the initialization
modeisexited (INITRQ =0 and INITAK =0).
Read: Anytime
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Write: Anytime when out of initialization mode; exceptions are read-only RXACT and SYNCH, RXFRM
(which is set by the module only), and INITRQ (which isaso writable in initialization mode).

Table 10-1. CANCTLO Register Field Descriptions

Field Description
7 Received Frame Flag — This bit is read and clear only. It is set when a receiver has received a valid message
RXFRM?! | correctly, independently of the filter configuration. After it is set, it remains set until cleared by software or reset.
Clearing is done by writing a 1. Writing a 0 is ignored. This bit is not valid in loopback mode.
0 No valid message was received since last clearing this flag
1 A valid message was received since last clearing of this flag
6 Receiver Active Status — This read-only flag indicates the MSCAN is receiving a message. The flag is
RXACT | controlled by the receiver front end. This bit is not valid in loopback mode.
0 MSCAN is transmitting or idle?
1 MSCAN is receiving a message (including when arbitration is Iost)2
5 CAN Stops in Wait Mode — Enabling this bit allows for lower power consumption in wait mode by disabling all
CSWAI®  [the clocks at the CPU bus interface to the MSCAN module.
0 The module is not affected during wait mode
1 The module ceases to be clocked during wait mode
4 Synchronized Status — This read-only flag indicates whether the MSCAN is synchronized to the CAN bus and
SYNCH | able to participate in the communication process. It is set and cleared by the MSCAN.
0 MSCAN is not synchronized to the CAN bus
1 MSCAN is synchronized to the CAN bus
3 Timer Enable — This bit activates an internal 16-bit wide free running timer which is clocked by the bit clock rate.
TIME If the timer is enabled, a 16-bit time stamp will be assigned to each transmitted/received message within the
active TX/RX buffer. Right after the EOF of a valid message on the CAN bus, the time stamp is written to the
highest bytes (OXO00E, 0xO00F) in the appropriate buffer (see Section 10.3.3, “Programmer’s Model of Message
Storage”). The internal timer is reset (all bits set to 0) when disabled. This bit is held low in initialization mode.
0 Disable internal MSCAN timer
1 Enable internal MSCAN timer
2 Wake-Up Enable — This configuration bit allows the MSCAN to restart from sleep mode when traffic on CAN is
WUPE* | detected (see Section 10.4.5.4, “MSCAN Sleep Mode™). This bit must be configured before sleep mode entry for

the selected function to take effect.
0 Wake-up disabled — The MSCAN ignores traffic on CAN
1 Wake-up enabled — The MSCAN is able to restart
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Table 10-1. CANCTLO Register Field Descriptions (continued)

Field Description
1 Sleep Mode Request — This bit requests the MSCAN to enter sleep mode, which is an internal power saving
SLPRQ® |mode (see Section 10.4.5.4, “MSCAN Sleep Mode”). The sleep mode request is serviced when the CAN bus is

idle, i.e., the module is not receiving a message and all transmit buffers are empty. The module indicates entry
to sleep mode by setting SLPAK =1 (see Section 10.3.2.2, “MSCAN Control Register 1 (CANCTL1)"). SLPRQ
cannot be set while the WUPIF flag is set (see Section 10.3.2.5, “MSCAN Receiver Flag Register (CANRFLG)").
Sleep mode will be active until SLPRQ is cleared by the CPU or, depending on the setting of WUPE, the MSCAN
detects activity on the CAN bus and clears SLPRQ itself.
0 Running — The MSCAN functions normally
1 Sleep mode request — The MSCAN enters sleep mode when CAN bus idle

0 Initialization Mode Request — When this bit is set by the CPU, the MSCAN skips to initialization mode (see

INITRQ‘S*7 Section 10.4.5.5, “MSCAN Initialization Mode”). Any ongoing transmission or reception is aborted and

synchronization to the CAN bus is lost. The module indicates entry to initialization mode by setting INITAK =1
(Section 10.3.2.2, “MSCAN Control Register 1 (CANCTL1)").

The following registers enter their hard reset state and restore their default values: CANCTLOB, CANRFLGg,
CANRIER?, CANTFLG, CANTIER, CANTARQ, CANTAAK, and CANTBSEL.

The registers CANCTL1, CANBTRO, CANBTR1, CANIDAC, CANIDARO-7, and CANIDMRO-7 can only be
written by the CPU when the MSCAN is in initialization mode (INITRQ = 1 and INITAK = 1). The values of the
error counters are not affected by initialization mode.

When this bit is cleared by the CPU, the MSCAN restarts and then tries to synchronize to the CAN bus. If the
MSCAN is not in bus-off state, it synchronizes after 11 consecutive recessive bits on the CAN bus; if the MSCAN
is in bus-off state, it continues to wait for 128 occurrences of 11 consecutive recessive bits.

Writing to other bits in CANCTLO, CANRFLG, CANRIER, CANTFLG, or CANTIER must be done only after
initialization mode is exited, which is INITRQ = 0 and INITAK = 0.

0 Normal operation

1 MSCAN in initialization mode

w

The MSCAN must be in normal mode for this bit to become set.
See the Bosch CAN 2.0A/B specification for a detailed definition of transmitter and receiver states.
In order to protect from accidentally violating the CAN protocol, the TXCAN pin is immediately forced to a recessive state when

the CPU enters wait (CSWAI = 1) or stop mode (see Section 10.4.5.2, “Operation in Wait Mode” and Section 10.4.5.3,
“Operation in Stop Mode”).

The CPU has to make sure that the WUPE register and the WUPIE wake-up interrupt enable register (see Section 10.3.2.6,

“MSCAN Receiver Interrupt Enable Register (CANRIER)) is enabled, if the recovery mechanism from stop or wait is required.
5 The CPU cannot clear SLPRQ before the MSCAN has entered sleep mode (SLPRQ =1 and SLPAK = 1).
6 The CPU cannot clear INITRQ before the MSCAN has entered initialization mode (INITRQ = 1 and INITAK = 1).

In order to protect from accidentally violating the CAN protocol, the TXCAN pin is immediately forced to a recessive state when

the initialization mode is requested by the CPU. Thus, the recommended procedure is to bring the MSCAN into sleep mode
(SLPRQ = 1 and SLPAK = 1) before requesting initialization mode.

8 Not including WUPE, INITRQ, and SLPRQ.
9 TSTAT1 and TSTATO are not affected by initialization mode.
10 RSTAT1 and RSTATO are not affected by initialization mode.

10.3.2.2

MSCAN Control Register 1 (CANCTL1)

The CANCTL1 register provides various control bits and handshake status information of the MSCAN
modul e as described below.
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7 6 5 4 3 2 1 0

R SLPAK INITAK

CANE CLKSRC LOOPB LISTEN BORM WUPM
W
Reset: 0 0 0 1 0 0 0 1
= Unimplemented
Figure 10-5. MSCAN Control Register 1 (CANCTL1)

Read: Anytime

Write: Anytime when INITRQ = 1 and INITAK = 1, except CANE which iswrite once in normal and
anytimein special system operation modes when the MSCAN isin initialization mode (INITRQ = 1 and

INITAK =1).
Table 10-2. CANCTL1 Register Field Descriptions
Field Description
7 MSCAN Enable
CANE 0 MSCAN module is disabled
1 MSCAN module is enabled
6 MSCAN Clock Source — This bit defines the clock source for the MSCAN module (only for systems with a clock
CLKSRC | generation module; Section 10.4.3.2, “Clock System,” and Section Figure 10-43., “MSCAN Clocking Scheme,”).
0 MSCAN clock source is the oscillator clock
1 MSCAN clock source is the bus clock
5 Loopback Self Test Mode — When this bit is set, the MSCAN performs an internal loopback which can be used
LOOPB | for self test operation. The bit stream output of the transmitter is fed back to the receiver internally. The RXCAN
input pin is ignored and the TXCAN output goes to the recessive state (logic 1). The MSCAN behaves as it does
normally when transmitting and treats its own transmitted message as a message received from a remote node.
In this state, the MSCAN ignores the bit sent during the ACK slot in the CAN frame acknowledge field to ensure
proper reception of its own message. Both transmit and receive interrupts are generated.
0 Loopback self test disabled
1 Loopback self test enabled
4 Listen Only Mode — This bit configures the MSCAN as a CAN bus monitor. When LISTEN is set, all valid CAN
LISTEN messages with matching ID are received, but no acknowledgement or error frames are sent out (see
Section 10.4.4.4, “Listen-Only Mode”). In addition, the error counters are frozen. Listen only mode supports
applications which require “hot plugging” or throughput analysis. The MSCAN is unable to transmit any
messages when listen only mode is active.
0 Normal operation
1 Listen only mode activated
3 Bus-Off Recovery Mode — This bits configures the bus-off state recovery mode of the MSCAN. Refer to
BORM Section 10.5.2, “Bus-Off Recovery,” for details.
0 Automatic bus-off recovery (see Bosch CAN 2.0A/B protocol specification)
1 Bus-off recovery upon user request
2 Wake-Up Mode — If WUPE in CANCTLO is enabled, this bit defines whether the integrated low-pass filter is
WUPM applied to protect the MSCAN from spurious wake-up (see Section 10.4.5.4, “MSCAN Sleep Mode").

0 MSCAN wakes up on any dominant level on the CAN bus
1 MSCAN wakes up only in case of a dominant pulse on the CAN bus that has a length of Ty,
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Table 10-2. CANCTL1 Register Field Descriptions (continued)

Field Description
1 Sleep Mode Acknowledge — This flag indicates whether the MSCAN module has entered sleep mode (see
SLPAK Section 10.4.5.4, “MSCAN Sleep Mode”). It is used as a handshake flag for the SLPRQ sleep mode request.
Sleep mode is active when SLPRQ = 1 and SLPAK = 1. Depending on the setting of WUPE, the MSCAN will
clear the flag if it detects activity on the CAN bus while in sleep mode.
0 Running — The MSCAN operates normally
1 Sleep mode active — The MSCAN has entered sleep mode
0 Initialization Mode Acknowledge — This flag indicates whether the MSCAN module is in initialization mode
INITAK (see Section 10.4.5.5, “MSCAN Initialization Mode”). It is used as a handshake flag for the INITRQ initialization
mode request. Initialization mode is active when INITRQ = 1 and INITAK = 1. The registers CANCTL1,
CANBTRO, CANBTR1, CANIDAC, CANIDARO-CANIDAR7, and CANIDMRO-CANIDMR? can be written only by
the CPU when the MSCAN is in initialization mode.
0 Running — The MSCAN operates normally
1 Initialization mode active — The MSCAN has entered initialization mode
10.3.2.3 MSCAN Bus Timing Register 0 (CANBTRO)

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

7 6 5 4 3 2 1 0
R
SJwi SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
w
Reset: 0 0 0 0 0 0 0 0
Figure 10-6. MSCAN Bus Timing Register 0 (CANBTRO)
Read: Anytime

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

Table 10-3. CANBTRO Register Field Descriptions

Field Description
7:6 Synchronization Jump Width — The synchronization jump width defines the maximum number of time quanta
SIW[1:0] |(Tq) clock cycles a bit can be shortened or lengthened to achieve resynchronization to data transitions on the
CAN bus (see Table 10-4).
5:0 Baud Rate Prescaler — These bits determine the time quanta (Tq) clock which is used to build up the bit timing
BRP[5:0] |(see Table 10-5).

Table 10-4. Synchronization Jump Width

SJW1 SJWO0 Synchronization Jump Width
0 0 1 Tq clock cycle
0 1 2 Tq clock cycles
1 0 3 Tq clock cycles
1 1 4 Tq clock cycles
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Table 10-5. Baud Rate Prescaler

BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO Prescaler value (P)
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 1 64

10.3.2.4

MSCAN Bus Timing Register 1 (CANBTR1)

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

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)
Read: Anytime

Write: Anytimein initialization mode (INITRQ =1 and INITAK = 1)

Table 10-6. CANBTR1 Register Field Descriptions

Field Description
7 Sampling — This bit determines the number of CAN bus samples taken per bit time.
SAMP 0 One sample per bit.
1 Three samples per bit?.
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).
6:4 Time Segment 2 — Time segments within the bit time fix the number of clock cycles per bit time and the location
TSEG2[2:0] |of the sample point (see Figure 10-44). Time segment 2 (TSEG2) values are programmable as shown in
Table 10-7.
3.0 Time Segment 1 — Time segments within the bit time fix the number of clock cycles per bit time and the location
TSEG1[3:0] | of the sample point (see Figure 10-44). Time segment 1 (TSEG1) values are programmable as shown in

Table 10-8.

1 In this case,

PHASE_SEG1 must be at least 2 time quanta (Tq).
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Table 10-7. Time Segment 2 Values

TSEG22 TSEG21 TSEG20 Time Segment 2
0 0 0 1 Tq clock cycle!
0 0 1 2 Tq clock cycles
1 1 0 7 Tq clock cycles
1 1 8 Tq clock cycles

1 This setting is not valid. Please refer to Table 10-35 for valid settings.

Table 10-8. Time Segment 1 Values

TSEG13 TSEG12 TSEG11 TSEG10 Time segment 1
0 0 0 0 1 Tq clock cycle!
0 0 0 1 2 Tq clock cycles®
0 0 1 0 3 Tq clock cycles®
0 0 1 1 4 Tq clock cycles
1 1 1 0 15 Tq clock cycles
1 1 1 1 16 Tq clock cycles

1 This setting is not valid. Please refer to Table 10-35 for valid settings.

The bit time is determined by the oscillator frequency, the baud rate prescaler, and the number of time
quanta (Tq) clock cycles per bit (as shown in Table 10-7 and Table 10-8).

Eqgn. 10-1
escaler value)

Bit Time= (Pr :
CANCLK

€(1L+TimeSegmentl+TimeSegment2)

10.3.2.5 MSCAN Receiver Flag Register (CANRFLG)

A flag can be cleared only by software (writing a 1 to the corresponding bit position) when the condition
which caused the setting is no longer valid. Every flag has an associated interrupt enable bit in the
CANRIER register.

7 6 5 4 3 2 0
R RSTAT1 RSTATO TSTAT1 TSTATO
WUPIF CSCIF OVRIF RXF
w
Reset: 0 0 0 0 0 0 0
= Unimplemented

Figure 10-8. MSCAN Receiver Flag Register (CANRFLG)
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Table 10-9. CANRFLG Register Field Descriptions (continued)

Field Description
1 Overrun Interrupt Flag — This flag is set when a data overrun condition occurs. If not masked, an error interrupt
OVRIF is pending while this flag is set.
0 No data overrun condition
1 A data overrun detected
0 Receive Buffer Full Flag — RXF is set by the MSCAN when a new message is shifted in the receiver FIFO.
RXF2 This flag indicates whether the shifted buffer is loaded with a correctly received message (matching identifier,

matching cyclic redundancy code (CRC) and no other errors detected). After the CPU has read that message
from the RxFG buffer in the receiver FIFO, the RXF flag must be cleared to release the buffer. A set RXF flag
prohibits the shifting of the next FIFO entry into the foreground buffer (RxFG). If not masked, a receive interrupt
is pending while this flag is set.

0 No new message available within the RxFG

1 The receiver FIFO is not empty. A new message is available in the RxFG

Redundant Information for the most critical CAN bus status which is “bus-off”. This only occurs if the Tx error counter exceeds

a number of 255 errors. Bus-off affects the receiver state. As soon as the transmitter leaves its bus-off state the receiver state
skips to RxOK too. Refer also to TSTAT[1:0] coding in this register.

To ensure data integrity, do not read the receive buffer registers while the RXF flag is cleared. For MCUs with dual CPUs,

reading the receive buffer registers while the RXF flag is cleared may result in a CPU fault condition.

10.3.2.6

MSCAN Receiver Interrupt Enable Register (CANRIER)

Thisregister contains the interrupt enable bits for the interrupt flags described in the CANRFLG register.

7 6 5 4 3 2 1 0
R
WUPIE CSCIE RSTATE1 | RSTATEO | TSTATEL | TSTATEO OVRIE RXFIE
w
Reset: 0 0 0 0 0 0 0 0
Figure 10-9. MSCAN Receiver Interrupt Enable Register (CANRIER)
NOTE
The CANRIER register isheld in thereset state when theinitialization mode
isactive (INITRQ=1 and INITAK=1). Thisregister iswritable when not in
initialization mode (INITRQ=0 and INITAK=0).
The RSTATE[1:0], TSTATE[1:0] bits are not affected by initialization
mode.
Read: Anytime

Write: Anytime when not in initialization mode
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Table 10-10. CANRIER Register Field Descriptions

Field Description
7 Wake-Up Interrupt Enable
WUPIEY |0 No interrupt request is generated from this event.
1 A wake-up event causes a Wake-Up interrupt request.
6 CAN Status Change Interrupt Enable
CSCIE 0 No interrupt request is generated from this event.
1 A CAN Status Change event causes an error interrupt request.
5:4 Receiver Status Change Enable — These RSTAT enable bits control the sensitivity level in which receiver state
RSTATE[1:0] | changes are causing CSCIF interrupts. Independent of the chosen sensitivity level the RSTAT flags continue to
indicate the actual receiver state and are only updated if no CSCIF interrupt is pending.
00 Do not generate any CSCIF interrupt caused by receiver state changes.
01 Generate CSCIF interrupt only if the receiver enters or leaves “bus-off” state. Discard other receiver state
changes for generating CSCIF interrupt.
10 Generate CSCIF interrupt only if the receiver enters or leaves “RxErr” or “bus-off"? state. Discard other
receiver state changes for generating CSCIF interrupt.
11 Generate CSCIF interrupt on all state changes.
3:2 Transmitter Status Change Enable — These TSTAT enable bits control the sensitivity level in which transmitter
TSTATE[1:0] | state changes are causing CSCIF interrupts. Independent of the chosen sensitivity level, the TSTAT flags
continue to indicate the actual transmitter state and are only updated if no CSCIF interrupt is pending.
00 Do not generate any CSCIF interrupt caused by transmitter state changes.
01 Generate CSCIF interrupt only if the transmitter enters or leaves “bus-off” state. Discard other transmitter
state changes for generating CSCIF interrupt.
10 Generate CSCIF interrupt only if the transmitter enters or leaves “TXErr” or “bus-off” state. Discard other
transmitter state changes for generating CSCIF interrupt.
11 Generate CSCIF interrupt on all state changes.
1 Overrun Interrupt Enable
OVRIE 0 No interrupt request is generated from this event.
1 An overrun event causes an error interrupt request.
0 Receiver Full Interrupt Enable
RXFIE 0 No interrupt request is generated from this event.
1 A receive buffer full (successful message reception) event causes a receiver interrupt request.

1 WUPIE and WUPE (see Section 10.3.2.1, “MSCAN Control Register 0 (CANCTLO0)") must both be enabled if the recovery
mechanism from stop or wait is required.

Bus-off state is defined by the CAN standard (see Bosch CAN 2.0A/B protocol specification: for only transmitters. Because the

only possible state change for the transmitter from bus-off to TXOK also forces the receiver to skip its current state to RxOK,
the coding of the RXSTAT[1:0] flags define an additional bus-off state for the receiver (see Section 10.3.2.5, “MSCAN Receiver
Flag Register (CANRFLG)").

10.3.2.7

MSCAN Transmitter Flag Register (CANTFLG)

The transmit buffer empty flags each have an associated interrupt enable bit in the CANTIER register.
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2 1 0
R 0 0 0
TXE2 TXE1 TXEO
w
Reset: 0 0 0 1 1 1
= Unimplemented

Figure 10-10. MSCAN Transmitter Flag Register (CANTFLG)

NOTE

The CANTFLG register is held in the reset state when the initialization
modeisactive (INITRQ=1and INITAK = 1). Thisregister iswritablewhen
not ininitialization mode (INITRQ = 0 and INITAK = 0).

Read: Anytime
Write: Anytime for TXEx flagswhen not in initialization mode; write of 1 clearsflag, write of Oisignored

Table 10-11. CANTFLG Register Field Descriptions

Field Description

2:0 Transmitter Buffer Empty — This flag indicates that the associated transmit message buffer is empty, and thus
TXE[2:0] |not scheduled for transmission. The CPU must clear the flag after a message is set up in the transmit buffer and
is due for transmission. The MSCAN sets the flag after the message is sent successfully. The flag is also set by
the MSCAN when the transmission request is successfully aborted due to a pending abort request (see
Section 10.3.2.9, “MSCAN Transmitter Message Abort Request Register (CANTARQ)"). If not masked, a
transmit interrupt is pending while this flag is set.

Clearing a TXEXx flag also clears the corresponding ABTAKx (see Section 10.3.2.10, “MSCAN Transmitter
Message Abort Acknowledge Register (CANTAAK)"). When a TXEXx flag is set, the corresponding ABTRQXx bit
is cleared (see Section 10.3.2.9, “MSCAN Transmitter Message Abort Request Register (CANTARQ)").

When listen-mode is active (see Section 10.3.2.2, “MSCAN Control Register 1 (CANCTL1)") the TXEx flags
cannot be cleared and no transmission is started.

Read and write accesses to the transmit buffer will be blocked, if the corresponding TXEX bit is cleared

(TXEx = 0) and the buffer is scheduled for transmission.

0 The associated message buffer is full (loaded with a message due for transmission)

1 The associated message buffer is empty (not scheduled)

10.3.2.8 MSCAN Transmitter Interrupt Enable Register (CANTIER)

Thisregister contains the interrupt enable bits for the transmit buffer empty interrupt flags.

2 1 0
R 0 0 0 0 0
TXEIE2 TXEIE1 TXEIEO
W
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 10-11. MSCAN Transmitter Interrupt Enable Register (CANTIER)
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NOTE

The CANTIER register isheldinthereset state when theinitialization mode
isactive (INITRQ =1 and INITAK = 1). Thisregister iswritable when not
ininitialization mode (INITRQ =0 and INITAK = 0).

Read: Anytime
Write: Anytime when not in initialization mode

Table 10-12. CANTIER Register Field Descriptions

Field Description

2:0 Transmitter Empty Interrupt Enable
TXEIE[2:0] |0 No interrupt request is generated from this event.
1 A transmitter empty (transmit buffer available for transmission) event causes a transmitter empty interrupt
request.

10.3.2.9 MSCAN Transmitter Message Abort Request Register (CANTARQ)
The CANTARQ register alows abort request of queued messages as described below.

2 1 0
R 0 0 0 0 0
ABTRQ2 | ABTRQl | ABTRQO
w
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 10-12. MSCAN Transmitter Message Abort Request Register (CANTARQ)

NOTE

The CANTARQ register is held in the reset state when the initialization
modeisactive (INITRQ=1and INITAK =1). Thisregister iswritablewhen
not in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Anytime
Write: Anytime when not in initialization mode

Table 10-13. CANTARQ Register Field Descriptions

Field Description

2.0 Abort Request — The CPU sets the ABTRQX bit to request that a scheduled message buffer (TXEx = 0) be
ABTRQ[2:0] | aborted. The MSCAN grants the request if the message has not already started transmission, or if the
transmission is not successful (lost arbitration or error). When a message is aborted, the associated TXE (see
Section 10.3.2.7, “MSCAN Transmitter Flag Register (CANTFLG)”) and abort acknowledge flags (ABTAK, see
Section 10.3.2.10, “MSCAN Transmitter Message Abort Acknowledge Register (CANTAAK)”) are set and a
transmit interrupt occurs if enabled. The CPU cannot reset ABTRQx. ABTRQXx is reset whenever the associated
TXE flag is set.

0 No abort request
1 Abort request pending
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10.3.2.10 MSCAN Transmitter Message Abort Acknowledge Register (CANTAAK)
The CANTAAK register indicates the successful abort of a queued message, if requested by the

appropriate bitsin the CANTARQ register.

2

1

0

R 0 0 0 0 0 ABTAK?2 ABTAK1 ABTAKO
W
Reset: 0 0 0 0 0 0
= Unimplemented
Figure 10-13. MSCAN Transmitter Message Abort Acknowledge Register (CANTAAK)
NOTE
The CANTAAK register is held in the reset state when the initialization
modeisactive (INITRQ =1 and INITAK = 1).
Read: Anytime
Write: Unimplemented for ABTAKX flags
Table 10-14. CANTAAK Register Field Descriptions
Field Description
2.0 Abort Acknowledge — This flag acknowledges that a message was aborted due to a pending abort request

ABTAK][2:0] |from the CPU. After a particular message buffer is flagged empty, this flag can be used by the application
software to identify whether the message was aborted successfully or was sent anyway. The ABTAKX flag is
cleared whenever the corresponding TXE flag is cleared.

0 The message was not aborted.

1 The message was aborted.

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.

2 1 0
R 0 0 0 0 0
TX2 TX1 TXO
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

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

The CANTBSEL register is held in the reset state when the initialization
modeisactive (INITRQ =1 and INITAK=1). Thisregister iswritable when
not in initialization mode (INITRQ = 0 and INITAK = 0).

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

Table 10-15. CANTBSEL Register Field Descriptions

Field Description

2:0 Transmit Buffer Select — The lowest numbered bit places the respective transmit buffer in the CANTXFG
TX[2:0] register space (e.g., TX1 =1 and TXO0 = 1 selects transmit buffer TX0; TX1 = 1 and TXO0 = 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

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 CANTFL G register and write
this value back into the CANTBSEL register. In thisexample Tx buffers TX1 and TX2 are available. The
value read from CANTFL G istherefore 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 isat 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,; valueread is 0b0O000_0110
» STD CANTBSEL; value written is 0b0000_0110
» LDD CANTBSEL; valueread is 0b0000_0010

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

10.3.2.12 MSCAN Identifier Acceptance Control Register (CANIDAC)
The CANIDAC register is used for identifier acceptance control as described below.

2

1

0

R 0 0 IDHIT2 IDHIT1 IDHITO
IDAM1 IDAMO
w
Reset: 0 0 0 0 0 0 0
= Unimplemented

Figure 10-15. MSCAN Identifier Acceptance Control Register (CANIDAC)
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Read: Anytime
Write: Anytimein initialization mode (INITRQ =1 and INITAK = 1), except bits IDHITX, which are
read-only
Table 10-16. CANIDAC Register Field Descriptions
Field Description
5:4 Identifier Acceptance Mode — The CPU sets these flags to define the identifier acceptance filter organization
IDAM[1:0] |(see Section 10.4.3, “Identifier Acceptance Filter”). Table 10-17 summarizes the different settings. In filter closed
mode, no message is accepted such that the foreground buffer is never reloaded.
2:0 Identifier Acceptance Hit Indicator — The MSCAN sets these flags to indicate an identifier acceptance hit (see
IDHIT[2:0] |Section 10.4.3, “Identifier Acceptance Filter”). Table 10-18 summarizes the different settings.

Table 10-17. Identifier Acceptance Mode Settings

IDAM1 IDAMO Identifier Acceptance Mode
0 0 Two 32-bit acceptance filters
0 1 Four 16-bit acceptance filters
1 0 Eight 8-bit acceptance filters
1 1 Filter closed

Table 10-18. Identifier Acceptance Hit Indication

IDHIT2 IDHIT1 IDHITO Identifier Acceptance Hit
0 0 0 Filter O hit
0 0 1 Filter 1 hit
0 1 0 Filter 2 hit
0 1 1 Filter 3 hit
1 0 0 Filter 4 hit
1 0 1 Filter 5 hit
1 1 0 Filter 6 hit
1 1 1 Filter 7 hit

The IDHITx indicators are aways related to the message in the foreground buffer (RxFG). When a
message gets shifted into the foreground buffer of the receiver FIFO the indicators are updated as well.

10.3.2.13 MSCAN Reserved Register

Thisregister isreserved for factory testing of the MSCAN module and is not available in normal system
operation modes.
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a
R 0 0 0 0 0 0 0 0
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 10-16. MSCAN Reserved Register

Read: Always read 0x0000 in normal system operation modes
Write: Unimplemented in normal system operation modes

NOTE

Writing to this register when in special modes can ater the MSCAN
functionality.

10.3.2.14 MSCAN Miscellaneous Register (CANMISC)
Thisregister provides additional features.

5
R 0 0 0 0 0 0 0
BOHOLD
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 10-17. MSCAN Miscellaneous Register (CANMISC)
Read: Anytime
Write: Anytime; write of ‘1" clearsflag; write of ‘O’ ignored
Table 10-19. CANMISC Register Field Descriptions
Field Description
0 Bus-off State Hold Until User Request — If BORM is set in Section 10.3.2.2, “MSCAN Control Register 1

BOHOLD |(CANCTL1), this bit indicates whether the module has entered the bus-off state. Clearing this bit requests the
recovery from bus-off. Refer to Section 10.5.2, “Bus-Off Recovery,” for details.

0 Module is not bus-off or recovery has been requested by user in bus-off state

1 Module is bus-off and holds this state until user request

10.3.2.15 MSCAN Receive Error Counter (CANRXERR)
This register reflects the status of the MSCAN receive error counter.
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7

6

5

4

3

2

1

0

R|[ RXERR7 RXERRG6 RXERRS5 RXERR4 RXERR3 RXERR2 RXERR1 RXERRO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 10-18. MSCAN Receive Error Counter (CANRXERR)
Read: Only when in sleep mode (SLPRQ =1 and SLPAK = 1) or initialization mode (INITRQ = 1 and
INITAK = 1)
Write: Unimplemented

NOTE

Reading this register when in any other mode other than sleep or
initialization mode may return an incorrect value. For MCUs with dual

CPUs, this may result in a CPU fault condition.

Writing to this register when in special modes can ater the MSCAN
functionality.

10.3.2.16  MSCAN Transmit Error Counter (CANTXERR)
This register reflects the status of the MSCAN transmit error counter.

7

6

5

4

3

2

1

0

R| TXERR7 TXERR6 TXERRS TXERR4 TXERR3 TXERR2 TXERR1 TXERRO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 10-19. MSCAN Transmit Error Counter (CANTXERR)

Read: Only when in sleep mode (SLPRQ =1 and SLPAK = 1) or initialization mode (INITRQ = 1 and
INITAK =1)
Write: Unimplemented

NOTE

Reading this register when in any other mode other than sleep or
initialization mode, may return an incorrect value. For MCUs with dual

CPUs, this may result in a CPU fault condition.

Writing to this register when in special modes can ater the MSCAN
functionality.
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10.3.2.17 MSCAN Identifier Acceptance Registers (CANIDARO-7)

On reception, each message is written into the background receive buffer. The CPU isonly signalled to
read the message if it passes the criteriain the identifier acceptance and identifier mask registers
(accepted); otherwise, the message is overwritten by the next message (dropped).

The acceptance registers of the MSCAN are applied on the IDRO-IDR3 registers (see Section 10.3.3.1,
“ldentifier Registers (IDRO-IDR3)”) of incoming messages in a bit by bit manner (see Section 10.4.3,
“ldentifier Acceptance Filter”).

For extended identifiers, all four acceptance and mask registers are applied. For standard identifiers, only
the first two (CANIDARO/1, CANIDMRO/1) are applied.

Module Base + 0x0010 (CANIDARO)
0x0011 (CANIDAR1)
0x0012 (CANIDAR?2)
0x0013 (CANIDARS3)

7 6 5 4 3 2 1 0
R
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AC7 AC6 ACS5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AC7 AC6 ACS5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0

Figure 10-20. MSCAN Identifier Acceptance Registers (First Bank) — CANIDARO-CANIDAR3
Read: Anytime
Write: Anytimein initialization mode (INITRQ = 1 and INITAK = 1)
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Table 10-21. CANIDAR4-CANIDAR7 Register Field Descriptions

Field Description

7:0 Acceptance Code Bits — AC[7:0] comprise a user-defined sequence of bits with which the corresponding bits
AC[7:0] of the related identifier register (IDRn) of the receive message buffer are compared. The result of this comparison
is then masked with the corresponding identifier mask register.

10.3.2.18 MSCAN Identifier Mask Registers (CANIDMRO-CANIDMRY7)

The identifier mask register specifies which of the corresponding bitsin the identifier acceptance register
are relevant for acceptance filtering. To receive standard identifiersin 32 bit filter mode, it is required to

program the last three bits (AM[2:0]) in the mask registers CANIDMR1 and CANIDMR5 to “don’t care”
To receive standard identifiersin 16 bit filter mode, it isrequired to program the last three bits (AM[2:0])
in the mask registers CANIDMR1, CANIDMR3, CANIDMRS5, and CANIDMRY to “don’'t care”

Module Base + 0x0014 (CANIDMRO)
0x0015 (CANIDMR1)
0x0016 (CANIDMR?2)
0x0017 (CANIDMR3)

7 6 5 4 3 2 1 0
R
AM7 AMG6 AM5 AM4 AM3 AM2 AM1 AMO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
w
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
w
Reset 0 0 0 0 0 0 0 0

Figure 10-22. MSCAN Identifier Mask Registers (First Bank) — CANIDMRO-CANIDMR3
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Table 10-23. CANIDMR4-CANIDMRY7 Register Field Descriptions

Field Description

7:0 Acceptance Mask Bits — If a particular bit in this register is cleared, this indicates that the corresponding bit in
AM[7:0] [the identifier acceptance register must be the same as its identifier bit before a match is detected. The message
is accepted if all such bits match. If a bit is set, it indicates that the state of the corresponding bit in the identifier
acceptance register does not affect whether or not the message is accepted.

0 Match corresponding acceptance code register and identifier bits
1 Ignore corresponding acceptance code register bit

10.3.3 Programmer’s Model of Message Storage

The following section details the organization of the receive and transmit message buffers and the
associated control registers.

To simplify the programmer interface, the receive and transmit message buffers have the same outline.
Each message buffer allocates 16 bytes in the memory map containing a 13 byte data structure.

An additional transmit buffer priority register (TBPR) is defined for the transmit buffers. Within the last
two bytes of this memory map, the MSCAN stores a special 16-bit time stamp, which is sampled from an
internal timer after successful transmission or reception of a message. This feature is only available for
transmit and receiver buffers, if the TIME bit is set (see Section 10.3.2.1, “MSCAN Control Register 0
(CANCTLO)™).

The time stamp register is written by the MSCAN. The CPU can only read these registers.
Table 10-24. Message Buffer Organization

Offset

Address Register Access

0x00X0 Identifier Register 0
0x00X1 Identifier Register 1
0x00X2 Identifier Register 2
0x00X3 Identifier Register 3
0x00X4 Data Segment Register 0
0x00X5 Data Segment Register 1
0x00X6 Data Segment Register 2

0x00X7 Data Segment Register 3
0x00X8 Data Segment Register 4
0x00X9 Data Segment Register 5

0x00XA Data Segment Register 6

0x00XB Data Segment Register 7

0x00XC Data Length Register

0x00XD Transmit Buffer Priority Registerl
OX00XE | Time Stamp Register (High Byte)?
0x00XF Time Stamp Register (Low Byte)3
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Figure 10-24. Receive/Transmit Message Buffer — Extended Identifier Mapping

Register

Bit 7 6 5 4 3 2 1 Bit0
Name

R
IDRO ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
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Read: For transmit buffers, anytime when TXEx flag is set (see Section 10.3.2.7, “M SCAN Transmitter
Flag Register (CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see
Section 10.3.2.11, “MSCAN Transmit Buffer Selection Register (CANTBSEL)”). For receive buffers,
only when RXF flag is set (see Section 10.3.2.5, “MSCAN Receiver Flag Register (CANRFLG)").

Write: For transmit buffers, anytime when TXEX flag is set (see Section 10.3.2.7, “MSCAN Transmitter
Flag Register (CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see
Section 10.3.2.11, “MSCAN Transmit Buffer Selection Register (CANTBSEL)”). Unimplemented for
receive buffers.

Reset: Undefined (0x00X X) because of RAM-based implementation
Figure 10-25. Receive/Transmit Message Buffer — Standard Identifier Mapping

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
R
IDRO ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
W
R
IDR1 ID2 ID1 IDO RTR IDE (=0)
W
R
IDR2
W
R
IDR3
W
= Unused, always read ‘X’
10.3.3.1 Identifier Registers (IDRO-IDR3)

The identifier registers for an extended format identifier consist of atotal of 32 bits; ID[28:0], SRR, IDE,
and RTR bits. Theidentifier registersfor astandard format identifier consist of atotal of 13 bits; 1D[10:0],

RTR, and IDE bits.

10.3.3.1.1 IDRO-IDRS3 for Extended Identifier Mapping
7 6 5 4 3 2 1 0
R
ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
W
Reset: X X X X X X X X
Figure 10-26. Identifier Register 0 (IDRO) — Extended Identifier Mapping
MC9S12XDP512 Data Sheet, Rev. 2.21
450 Freescale Semiconductor






Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV3)

7 6 5 4 3 2 1 0
R
ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
W
Reset: X X X X X X X X
Figure 10-29. Identifier Register 3 (IDR3) — Extended Identifier Mapping
Table 10-28. IDR3 Register Field Descriptions — Extended
Field Description
7:1 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[6:0] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number.
0 Remote Transmission Request — This flag reflects the status of the remote transmission request bit in the
RTR CAN frame. In the case of a receive buffer, it indicates the status of the received frame and supports the
transmission of an answering frame in software. In the case of a transmit buffer, this flag defines the setting of
the RTR bit to be sent.
0 Data frame
1 Remote frame
10.3.3.1.2 IDRO-IDRS3 for Standard Identifier Mapping
7 6 5 4 3 2 1 0
R
ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
w
Reset: X X X X X X X X
Figure 10-30. Identifier Register 0 — Standard Mapping
Table 10-29. IDRO Register Field Descriptions — Standard
Field Description
7:0 Standard Format Identifier — The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID10 is the
ID[10:3] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number. See also ID bits in Table 10-30.
7 6 5 4 3 2 1 0
R
ID2 ID1 IDO RTR IDE (=0)
W
Reset: X X X X X X X X

= Unused; always read ‘X’

Figure 10-31. Identifier Register 1 — Standard Mapping
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Table 10-30. IDR1 Register Field Descriptions

Field Description
75 Standard Format Identifier — The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID10 is the
ID[2:0] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number. See also ID bits in Table 10-29.
4 Remote Transmission Request — This flag reflects the status of the Remote Transmission Request bit in the
RTR CAN frame. In the case of a receive buffer, it indicates the status of the received frame and supports the
transmission of an answering frame in software. In the case of a transmit buffer, this flag defines the setting of
the RTR bit to be sent.
0 Data frame
1 Remote frame
3 ID Extended — This flag indicates whether the extended or standard identifier format is applied in this buffer. In
IDE the case of a receive buffer, the flag is set as received and indicates to the CPU how to process the buffer
identifier registers. In the case of a transmit buffer, the flag indicates to the MSCAN what type of identifier to send.
0 Standard format (11 bit)
1 Extended format (29 bit)
7 6 5 4 3 2 1 0
R
W
Reset: X X X X X X X X
= Unused; always read ‘X’
Figure 10-32. Identifier Register 2 — Standard Mapping
7 6 5 4 3 2 1 0
R
w
Reset: X X X X X X X X
= Unused; always read ‘X’
Figure 10-33. Identifier Register 3 — Standard Mapping
10.3.3.2 Data Segment Registers (DSRO0-7)

The eight data segment registers, each with bits DB[7:0], contain the data to be transmitted or received.
The number of bytes to be transmitted or received is determined by the data length code in the
corresponding DLR register.
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Module Base + 0x0004 (DSRO)
0x0005 (DSR1)
0x0006 (DSR2)
0x0007 (DSR3)
0x0008 (DSR4)
0x0009 (DSR5)
0x000A (DSR6)
0x000B (DSR7)

7 6 5 4 3 2 1 0
R
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W
Reset: X X X X X X X X
Figure 10-34. Data Segment Registers (DSR0O-DSR7) — Extended Identifier Mapping
Table 10-31. DSRO-DSR7 Register Field Descriptions
Field Description
7:0 Data bits 7:0
DB[7:0]
10.3.3.3 Data Length Register (DLR)
Thisregister keeps the datalength field of the CAN frame.
7 6 5 4 3 2 1 0
R
DLC3 DLC2 DLC1 DLCO
w
Reset: X X X X X X X X
= Unused; always read “x”
Figure 10-35. Data Length Register (DLR) — Extended Identifier Mapping
Table 10-32. DLR Register Field Descriptions
Field Description
3:0 Data Length Code Bits — The data length code contains the number of bytes (data byte count) of the respective
DLC[3:0] [message. During the transmission of a remote frame, the data length code is transmitted as programmed while
the number of transmitted data bytes is always 0. The data byte count ranges from 0 to 8 for a data frame.
Table 10-33 shows the effect of setting the DLC bits.
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Table 10-33. Data Length Codes

Data Length Code Data Byte
DLC3 DLC2 DLC1 DLCO Count
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8

10.3.3.4 Transmit Buffer Priority Register (TBPR)

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

» All transmission buffers with a cleared TXEX flag participate in the prioritization immediately
before the SOF (start of frame) is sent.

* Thetransmission buffer with the lowest local priority field wins the prioritization.

In cases of more than one buffer having the same lowest priority, the message buffer with the lower index
number wins.

7 6 5 4 3 2 1 0
R
PRIO7 PRIO6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
W
Reset: 0 0 0 0 0 0 0 0

Figure 10-36. Transmit Buffer Priority Register (TBPR)

Read: Anytime when TXEX flag is set (see Section 10.3.2.7, “MSCAN Transmitter Flag Register
(CANTFLG)") and the corresponding transmit buffer is selected in CANTBSEL (see Section 10.3.2.11,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)").

Write: Anytime when TXEX flag is set (see Section 10.3.2.7, “MSCAN Transmitter Flag Register
(CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see Section 10.3.2.11,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)”).

10.3.3.5 Time Stamp Register (TSRH-TSRL)

If the TIME bit is enabled, the MSCAN will write atime stamp to the respective registersin the active
transmit or receive buffer right after the EOF of a valid message on the CAN bus (see Section 10.3.2.1,
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“MSCAN Control Register 0 (CANCTLO0)"). In case of atransmission, the CPU can only read the time
stamp after the respective transmit buffer has been flagged empty.

The timer value, which isused for stamping, istaken from afree running internal CAN bit clock. A timer
overrunisnot indicated by the MSCAN. Thetimer isreset (all bits set to 0) during initialization mode. The
CPU can only read the time stamp registers.

7

6

5

R TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
W
Reset: X X X X X X X X
Figure 10-37. Time Stamp Register — High Byte (TSRH)
7 6 5 4 3 2 1 0
R TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
W
Reset: X X X X X X X X

Figure 10-38. Time Stamp Register — Low Byte (TSRL)

Read: Anytime when TXEX flag is set (see Section 10.3.2.7, “MSCAN Transmitter Flag Register
(CANTFLG)") and the corresponding transmit buffer is selected in CANTBSEL (see Section 10.3.2.11,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)").

Write: Unimplemented

10.4 Functional Description

10.4.1

This section provides a complete functional description of the MSCAN. It describes each of the features
and modes listed in the introduction.

General
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10.4.2 Message Storage

CAN CPU12
Receive / Transmit Memory Mapped
Engine 110

Rx0
| MSCAN o
a0
X
&
—_ 0] CPU bus
Receiver %
04
Tx0
0
[a0]
X
g
Tx1 F@
MSCAN ::(D CPU bus
j x
X
|_
T2 F@
o
| EPAON
Transmitter = A

Figure 10-39. User Model for Message Buffer Organization

MSCAN facilitates a sophisticated message storage system which addresses the requirements of a broad
range of network applications.
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10.4.2.1 Message Transmit Background

Modern application layer software is built upon two fundamental assumptions:

» Any CAN nodeisableto send out a stream of scheduled messages without releasing the CAN bus
between the two messages. Such nodes arbitrate for the CAN bus immediately after sending the
previous message and only release the CAN busin case of lost arbitration.

* Theinterna message queue within any CAN node is organized such that the highest priority
message is sent out first, if more than one message is ready to be sent.

The behavior described in the bullets above cannot be achieved with a single transmit buffer. That buffer
must be rel oaded immediately after the previous messageis sent. Thisloading process|asts afinite amount
of time and must be completed within the inter-frame sequence (IFS) to be able to send an uninterrupted
stream of messages. Even if thisisfeasible for limited CAN bus speeds, it requires that the CPU reacts
with short latencies to the transmit interrupt.

A double buffer scheme de-couples the reloading of the transmit buffer from the actual message sending
and, therefore, reduces the reactiveness requirements of the CPU. Problems can ariseif the sending of a
message is finished while the CPU re-loads the second buffer. No buffer would then be ready for
transmission, and the CAN bus would be released.

At least three transmit buffers are required to meet the first of the above requirements under all
circumstances. The MSCAN has three transmit buffers.

The second requirement calls for some sort of internal prioritization which the MSCAN implements with
the “local priority” concept described in Section 10.4.2.2, “Transmit Structures.”

10.4.2.2 Transmit Structures

The MSCAN triple transmit buffer scheme optimizes real-time performance by alowing multiple
messages to be set up in advance. The three buffers are arranged as shown in Figure 10-39.

All three buffers have a 13-byte data structure similar to the outline of the receive buffers (see

Section 10.3.3, “Programmer’s Model of Message Storage”). An additional Section 10.3.3.4, “ Transmit
Buffer Priority Register (TBPR) contains an 8-bit local priority field (PRIO) (see Section 10.3.3.4,
“Transmit Buffer Priority Register (TBPR)”). The remaining two bytes are used for time stamping of a
message, if required (see Section 10.3.3.5, “Time Stamp Register (TSRH-TSRL)").

To transmit a message, the CPU must identify an available transmit buffer, which isindicated by a set
transmitter buffer empty (TXEX) flag (see Section 10.3.2.7, “MSCAN Transmitter Flag Register
(CANTFLG)”). If atransmit buffer is available, the CPU must set a pointer to this buffer by writing to the
CANTBSEL register (see Section 10.3.2.11, “MSCAN Transmit Buffer Selection Register
(CANTBSEL)”). This makes the respective buffer accessible within the CANTXFG address space (see
Section 10.3.3, “Programmer’s Model of Message Storage”). The algorithmic feature associated with the
CANTBSEL register simplifies the transmit buffer selection. In addition, this scheme makes the handler
software simpler because only one address area is applicable for the transmit process, and the required
address space is minimized.

The CPU then stores the identifier, the control bits, and the data content into one of the transmit buffers.
Finally, the buffer is flagged as ready for transmission by clearing the associated TXE flag.

MC9S12XDP512 Data Sheet, Rev. 2.21

458 Freescale Semiconductor



Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV3)

The MSCAN then schedules the message for transmission and signals the successful transmission of the
buffer by setting the associated TXE flag. A transmit interrupt (see Section 10.4.7.2, “ Transmit Interrupt™)
is generated! when TXEX is set and can be used to drive the application software to re-load the buffer.

If morethan one buffer is scheduled for transmission when the CAN bus becomes availablefor arbitration,
the MSCAN uses the local priority setting of the three buffers to determine the prioritization. For this
purpose, every transmit buffer has an 8-bit local priority field (PRIO). The application software programs
thisfield when the message is set up. The local priority reflects the priority of this particular message
relative to the set of messages being transmitted from this node. The lowest binary value of the PRIO field
is defined to be the highest priority. The internal scheduling process takes place whenever the MSCAN
arbitrates for the CAN bus. Thisis also the case after the occurrence of a transmission error.

When a high priority message is scheduled by the application software, it may become necessary to abort
alower priority message in one of the three transmit buffers. Because messages that are already in
transmission cannot be aborted, the user must request the abort by setting the corresponding abort request
bit (ABTRQ) (see Section 10.3.2.9, “MSCAN Transmitter Message Abort Request Register
(CANTARQ)”.) The MSCAN then grants the request, if possible, by:

1. Setting the corresponding abort acknowledge flag (ABTAK) in the CANTAAK register.
2. Setting the associated TXE flag to release the buffer.

3. Generating atransmit interrupt. The transmit interrupt handler software can determine from the
setting of the ABTAK flag whether the message was aborted (ABTAK = 1) or sent (ABTAK = 0).

10.4.2.3 Receive Structures

The received messages are stored in afive stage input FIFO. The five message buffers are aternately
mapped into asingle memory area (see Figure 10-39). The background receive buffer (RxBG) is
exclusively associated with the MSCAN, but the foreground receive buffer (RXFG) is addressable by the
CPU (see Figure 10-39). This scheme simplifies the handler software because only one address areais
applicable for the receive process.

All receive buffers have a size of 15 bytes to store the CAN control bits, the identifier (standard or
extended), the data contents, and a time stamp, if enabled (see Section 10.3.3, “ Programmer’s Model of

Message Storage”).

The receiver full flag (RXF) (see Section 10.3.2.5, “MSCAN Recelver Flag Register (CANRFLG)”)
signalsthe status of the foreground receive buffer. When the buffer contains a correctly received message
with amatching identifier, thisflag is set.

On reception, each message is checked to see whether it passes the filter (see Section 10.4.3, “Identifier
Acceptance Filter”) and simultaneously iswritten into the active RxBG. After successful reception of a
valid message, the MSCAN shifts the content of RXBG into the receiver FIFO?, sets the RXF flag, and
generates areceive interrupt (see Section 10.4.7.3, “Recelve Interrupt”) to the CPU3. The user’s receive
handler must read the received message from the RXFG and then reset the RXF flag to acknowledge the
interrupt and to rel ease the foreground buffer. A new message, which can follow immediately after the IFS

1. The transmit interrupt occurs only if not masked. A polling scheme can be applied on TXEx also.

2. Only if the RXF flag is not set.
3. The receive interrupt occurs only if not masked. A polling scheme can be applied on RXF also.
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field of the CAN frame, isreceived into the next available RxBG. If the MSCAN receives an invalid
message in its RxBG (wrong identifier, transmission errors, etc.) the actual contents of the buffer will be
over-written by the next message. The buffer will then not be shifted into the FIFO.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted messages into the
background receive buffer, RxBG, but does not shift it into the receiver FIFO, generate areceive interrupt,
or acknowledge its own messages on the CAN bus. The exception to thisrule isin loopback mode (see
Section 10.3.2.2, “MSCAN Control Register 1 (CANCTL1)”) wherethe MSCAN treatsits own messages
exactly likeall other incoming messages. The MSCAN receives its own transmitted messages in the event
that it loses arbitration. If arbitration islost, the MSCAN must be prepared to become areceiver.

An overrun condition occurs when all receive message buffersin the FIFO are filled with correctly
received messages with accepted identifiers and another message is correctly received from the CAN bus
with an accepted identifier. The latter message is discarded and an error interrupt with overrun indication
isgenerated if enabled (see Section 10.4.7.5, “Error Interrupt”). The MSCAN remains able to transmit
messages while the receiver FIFO being filled, but al incoming messages are discarded. As soon as a
receive buffer in the FIFO is available again, new valid messages will be accepted.

10.4.3 Identifier Acceptance Filter

The MSCAN identifier acceptance registers (see Section 10.3.2.12, “MSCAN |dentifier Acceptance
Control Register (CANIDAC)”) define the acceptable patterns of the standard or extended identifier
(ID[10:0] or ID[28:0]). Any of these bits can be marked ‘don’t care’ in the MSCAN identifier mask
registers (see Section 10.3.2.18, “MSCAN Identifier Mask Registers (CANIDMRO-CANIDMR7)").

A filter hitisindicated to the application software by a set receive buffer full flag (RXF = 1) and three bits
in the CANIDAC register (see Section 10.3.2.12, “MSCAN |dentifier Acceptance Control Register
(CANIDACQC)"). Theseidentifier hit flags (IDHIT[2:0]) clearly identify the filter section that caused the
acceptance. They simplify the application software stask to identify the cause of the receiver interrupt. If
more than one hit occurs (two or more filters match), the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different modes (see Bosch CAN 2.0A/B
protocol specification):
» Two identifier acceptance filters, each to be applied to:
— Thefull 29 bits of the extended identifier and to the following bits of the CAN 2.0B frame:

— Remote transmission request (RTR)

— Identifier extension (IDE)

— Substitute remote request (SRR)

— The 11 bits of the standard identifier plusthe RTR and I DE bits of the CAN 2.0A/B messages®.
This mode implements two filters for afull length CAN 2.0B compliant extended identifier.
Figure 10-40 shows how the first 32-bit filter bank (CANIDARO—-CANIDARS,
CANIDMRO-CANIDMRS3) produces afilter O hit. Similarly, the second filter bank
(CANIDAR4-CANIDAR7, CANIDMR4-CANIDMRY) produces afilter 1 hit.

1.Although this mode can be used for standard identifiers, it is recommended to use the four or eight identifier acceptance
filters for standard identifiers
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» Four identifier acceptance filters, each to be applied to

— a) the 14 most significant bits of the extended identifier plusthe SRR and IDE bitsof CAN 2.0B
messages or

— b) the 11 bits of the standard identifier, the RTR and IDE bits of CAN 2.0A/B messages.
Figure 10-41 shows how the first 32-bit filter bank (CANIDARO-CANIDAS3,
CANIDMRO-3CANIDMR) produces filter 0 and 1 hits. Similarly, the second filter bank
(CANIDAR4-CANIDAR7, CANIDMR4-CANIDMRY7) producesfilter 2 and 3 hits.

» Eight identifier acceptance filters, each to be applied to thefirst 8 bits of the identifier. This mode
implements eight independent filters for the first 8 bits of a CAN 2.0A/B compliant standard
identifier or a CAN 2.0B compliant extended identifier. Figure 10-42 shows how the first 32-bit
filter bank (CANIDARO—CANIDAR3, CANIDMRO-CANIDMR3) producesfilter O to 3 hits.
Similarly, the second filter bank (CANIDAR4—CANIDAR7, CANIDMR4-CANIDMRY7)
produces filter 4 to 7 hits.

» Closed filter. No CAN message is copied into the foreground buffer RXFG, and the RXF flag is

never set.
CAN 2.08
Extended Identipenp2s IDRO ID2{ 1D20 IDR1 ID1{ 1D14 IDR2 ID 1D6 IDR3 RTH
st 298 Lip1o IDRO ID§ ID2 IDR1  IDA

H H = =

AM7 CANIDMRO  AM(Q AM7 CANIDMR1  AM({ AM7 CANIDMR2  AM( AM7 CANIDMR3  AM(

AC7 CANIDARO AC( AC7 CANIDAR1 AC( AC7 CANIDAR2 AC( AC7 CANIDAR3 AC(

. . . .

ID Accepted (Filter 0 Hit)

Figure 10-40. 32-bit Maskable Identifier Acceptance Filter
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Figure 10-41. 16-bit Maskable Identifier Acceptance Filters
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CAN 2.0B
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Figure 10-42. 8-bit Maskable Identifier Acceptance Filters

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 463



Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV3)

10.4.3.1 Protocol Violation Protection

The MSCAN protectsthe user from accidentally violating the CAN protocol through programming errors.
The protection logic implements the following features:

The receive and transmit error counters cannot be written or otherwise manipul ated.

All registerswhich control the configuration of the MSCAN cannot be modified whilethe MSCAN
ison-line. The MSCAN hasto be in Initialization Mode. The corresponding INITRQ/INITAK
handshake bitsin the CANCTLO/CANCTL 1 registers (see Section 10.3.2.1, “MSCAN Control
Register 0 (CANCTLO)") serve as alock to protect the following registers:

— MSCAN control 1 register (CANCTL1)

— MSCAN bustiming registers 0 and 1 (CANBTRO, CANBTRL1)

— MSCAN identifier acceptance control register (CANIDAC)

— MSCAN identifier acceptance registers (CANIDARO-CANIDAR?)
— MSCAN identifier mask registers (CANIDMRO-CANIDMRY?)

The TXCAN pinisimmediately forced to arecessive state when the MSCAN goes into the power
down mode or initialization mode (see Section 10.4.5.6, “MSCAN Power Down Mode,” and
Section 10.4.5.5, “MSCAN Initialization Mode”).

The MSCAN enable bit (CANE) iswritable only once in normal system operation modes, which
provides further protection against inadvertently disabling the MSCAN.

10.4.3.2 Clock System
Figure 10-43 shows the structure of the MSCAN clock generation circuitry.

MSCAN

CANCL Prescaler Time quanta clock (Tq)
P |
(1..64)
CLKSRC

T

Bus Clock

CLKSRC
Oscillator Clock

Figure 10-43. MSCAN Clocking Scheme

The clock source bit (CLKSRC) inthe CANCTL 1 register (10.3.2.2/10-426) defines whether the internal
CANCLK is connected to the output of acrystal oscillator (oscillator clock) or to the bus clock.

The clock source hasto be chosen such that the tight oscillator tolerance requirements (up to 0.4%) of the
CAN protocol are met. Additionally, for high CAN bus rates (1 Mbps), a 45% to 55% duty cycle of the
clock isrequired.
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If the bus clock is generated from a PLL, it isrecommended to select the oscillator clock rather than the
bus clock due to jitter considerations, especialy at the faster CAN bus rates.

For microcontrollers without a clock and reset generator (CRG), CANCLK is driven from the crystal
oscillator (oscillator clock).

A programmable prescaler generates the time quanta (Tq) clock from CANCLK. A time quantum is the
atomic unit of time handled by the MSCAN.
Eqgn. 10-2

_ fecancLk
Tg (Prescaler value

A bit timeis subdivided into three segments as described in the Bosch CAN specification. (see
Figure 10-44):
* SYNC_SEG: This segment has afixed length of one time quantum. Signal edges are expected to
happen within this section.
» Time Segment 1: This segment includes the PROP_SEG and the PHASE _SEGL of the CAN
standard. It can be programmed by setting the parameter TSEG1 to consist of 4 to 16 time quanta.
* Time Segment 2: This segment represents the PHASE _SEG2 of the CAN standard. It can be
programmed by setting the TSEG2 parameter to be 2 to 8 time quanta long.

Eqgn. 10-3
f
. T
Bit Rate= d
(number of Time Quanta)
N\
x NRZ Signal ( )
SYNC SE6 Time Segment 1 Time Segment 4
- (PROP_SEG + PHASE_SEG1) (PHASE_SE2)
A 1 4..16 4 4 2.8
(I
- 8 ... 25 Time Quanta — '
=1 Bit Time I
[
Transmit Point Sample Point

(single or triple sampling)

Figure 10-44. Segments within the Bit Time
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Table 10-34. Time Segment Syntax

Syntax Description

System expects transitions to occur on the CAN bus during this

SYNC_SEG .
period.

A node in transmit mode transfers a new value to the CAN bus at

Transmit Point this point.

A node in receive mode samples the CAN bus at this point. If the
Sample Point three samples per bit option is selected, then this point marks the
position of the third sample.

The synchronization jump width (see the Bosch CAN specification for details) can be programmed in a
range of 1 to 4 time quanta by setting the SIW parameter.

The SYNC_SEG, TSEG1, TSEG2, and SIW parameters are set by programming the MSCAN bus timing
registers (CANBTRO, CANBTR1) (see Section 10.3.2.3, “MSCAN Bus Timing Register 0 (CANBTRO0)”
and Section 10.3.2.4, “MSCAN Bus Timing Register 1 (CANBTR1)").

Table 10-35 gives an overview of the CAN compliant segment settings and the related parameter values.

NOTE

Itisthe user’sresponsibility to ensurethe bit time settings arein compliance
with the CAN standard.

Table 10-35. CAN Standard Compliant Bit Time Segment Settings

Time Segment 1 TSEG1 Time Segment 2 TSEG2 S\]):Jnn(igr\(l)vr;(;ztﬁtlon SIW
5..10 4.9 2 1 1..2 0.1
4..11 3..10 3 2 1..3 0..2
5..12 4..11 4 3 1..4 0..3
6..13 5..12 5 4 1..4 0.3
7. 14 6..13 6 5 1..4 0..3
8..15 7..14 7 6 1..4 0..3
9..16 8..15 8 7 1..4 0.3

10.4.4 Modes of Operation

10.4.4.1 Normal Modes
The MSCAN modul e behaves as described within this specification in al normal system operation modes.

10.4.4.2 Special Modes
The MSCAN module behaves as described within this specification in all special system operation modes.
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10.4.4.3 Emulation Modes

In all emulation modes, the MSCAN module behaves just like normal system operation modes as
described within this specification.

10.4.4.4 Listen-Only Mode

In an optional CAN bus monitoring mode (listen-only), the CAN node is able to receive valid data frames
and valid remote frames, but it sends only “recessive” bits on the CAN bus. In addition, it cannot start a
transmision. If the MAC sub-layer isrequired to send a*dominant” bit (ACK bit, overload flag, or active
error flag), the bit isrerouted internally so that the MAC sub-layer monitorsthis*dominant” bit, although
the CAN bus may remain in recessive state externally.

10.4.4.5 Security Modes
The MSCAN module has no security features.

10.4.5 Low-Power Options
If the MSCAN isdisabled (CANE = 0), the MSCAN clocks are stopped for power saving.

If the MSCAN is enabled (CANE = 1), the MSCAN has two additional modes with reduced power
consumption, compared to normal mode: sleep and power down mode. In sleep mode, power consumption
isreduced by stopping all clocks except those to access the registers from the CPU side. In power down
mode, all clocks are stopped and no power is consumed.

Table 10-36 summarizes the combinations of MSCAN and CPU modes. A particular combination of
modes is entered by the given settings on the CSWAI and SLPRQ/SLPAK bits.

For all modes, an MSCAN wake-up interrupt can occur only if the MSCAN isin sleep mode (SLPRQ =1
and SLPAK = 1), wake-up functionality is enabled (WUPE = 1), and the wake-up interrupt is enabled
(WUPIE = 1).
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Table 10-36. CPU vs. MSCAN Operating Modes

MSCAN Mode
CPU Mode Reduced Power Consumption
orma Slee Power Down Disabled
P (CANE=0)
CSWAI = x* CSWAI = X CSWAI = X
RUN SLPRQ =0 SLPRQ =1 SLPRQ =X
SLPAK =0 SLPAK =1 SLPAK =X
CSWAI=0 CSWAI=0 CSWAI=1 CSWAI = X
WAIT SLPRQ =0 SLPRQ =1 SLPRQ =X SLPRQ =X
SLPAK =0 SLPAK =1 SLPAK = X SLPAK = X
CSWAI = X CSWAI = X
STOP SLPRQ =X SLPRQ =X
SLPAK = X SLPAK = X

1 X’ means don't care.

10.4.5.1 Operation in Run Mode

Asshown in Table 10-36, only MSCAN sleep modeis available as low power option when the CPU isin
run mode.

10.4.5.2 Operation in Wait Mode

The WAL instruction puts the MCU in alow power consumption stand-by mode. If the CSWAI bit is set,
additional power can be saved in power down mode because the CPU clocks are stopped. After leaving
this power down mode, the MSCAN restartsits internal controllers and enters normal mode again.

While the CPU isin wait mode, the MSCAN can be operated in normal mode and generate interrupts
(registers can be accessed via background debug mode). The MSCAN can aso operate in any of the
low-power modes depending on the values of the SLPRQ/SLPAK and CSWAI bitsas seen in Table 10-36.

10.4.5.3 Operation in Stop Mode

The STOP instruction puts the MCU in alow power consumption stand-by mode. In stop mode, the
MSCAN is set in power down mode regardless of the value of the SLPRQ/SLPAK and CSWAI bits
(Table 10-36).

10.4.5.4 MSCAN Sleep Mode

The CPU can request the MSCAN to enter this low power mode by asserting the SLPRQ bit in the
CANCTLO register. The time when the MSCAN enters sleep mode depends on a fixed synchronization
delay and its current activity:
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» If thereare one or more message buffers scheduled for transmission (TXEx = 0), the MSCAN will
continue to transmit until all transmit message buffers are empty (TXEx = 1, transmitted
successfully or aborted) and then goes into sleep mode.

» If the MSCAN isreceiving, it continues to receive and goes into sleep mode as soon as the CAN
bus next becomesidle.

» If the MSCAN isneither transmitting nor receiving, it immediately goes into sleep mode.

Bus Clock Domain CAN Clock Domain
SLPRQ
ﬁ SLPRQ % sync. Flag
CPU SLPRQ

Sleep Request

SLPAKC sync. % h
Flag SLPAK SLPAK MSCAN

in Sleep Mode

Figure 10-45. Sleep Request / Acknowledge Cycle

NOTE

The application software must avoid setting up a transmission (by clearing
one or more TXEx flag(s)) and immediately request sleep mode (by setting
SLPRQ). Whether the MSCAN starts transmitting or goesinto sleep mode
directly depends on the exact sequence of operations.

If Sleep modeis active, the SLPRQ and SLPAK bitsare set (Figure 10-45). The application software must
use SLPAK as a handshake indication for the request (SLPRQ) to go into sleep mode.

When in sleep mode (SLPRQ =1 and SLPAK =1), the MSCAN stopsitsinternal clocks. However, clocks
that allow register accesses from the CPU side continue to run.

If the MSCAN isin bus-off state, it stops counting the 128 occurrences of 11 consecutive recessive bits
due to the stopped clocks. The TXCAN pin remainsin arecessive state. If RXF = 1, the message can be
read and RXF can be cleared. Shifting a new message into the foreground buffer of the receiver FIFO
(RXFG) does not take place while in sleep mode.

It is possible to access the transmit buffers and to clear the associated TXE flags. No message abort takes
place whilein sleep mode.

If the WUPE bit in CANCTLO is not asserted, the MSCAN will mask any activity it detectson CAN. The
RXCAN pin istherefore held internally in arecessive state. Thislocksthe MSCAN in sleep mode
(Figure 10-46). WUPE must be set before entering sleep mode to take effect.

The MSCAN is able to leave sleep mode (wake up) only when:
» CAN bus activity occurs and WUPE = 1
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or
e the CPU clearsthe SLPRQ bit

NOTE
The CPU cannot clear the SLPRQ bit before sleep mode (SLPRQ = 1 and
SLPAK =1) isactive.

After wake-up, the MSCAN waits for 11 consecutive recessive bits to synchronize to the CAN bus. Asa
consequence, if the MSCAN iswoken-up by a CAN frame, this frame is not received.

The receive message buffers (RxFG and RxBG) contain messagesiif they were received before sleep mode
was entered. All pending actions will be executed upon wake-up; copying of RxBG into RxFG, message
aborts and message transmissions. If the MSCAN remainsin bus-off state after sleep mode was exited, it
continues counting the 128 occurrences of 11 consecutive recessive hits.

CAN Activity

CAN Activity & WUPE) | SLPR
P ( y ) | SLPRQ
StartUp for Idle

CAN Activity
SLPRQ

CAN Activity & - N Sleep
SLPRQ ¢

(CAN Activity & WUPE) |

. CAN Activity
CAN Activity & CAN Actvity
SLPRQ ctivity
Tx/Rx
Message
Active
CAN Activity

Figure 10-46. Simplified State Transitions for Entering/Leaving Sleep Mode

10.4.5.5 MSCAN Initialization Mode

Ininitialization mode, any on-going transmission or reception isimmediately aborted and synchronization
tothe CAN busislost, potentially causing CAN protocol violations. To protect the CAN bus system from
fatal consequences of violations, the MSCAN immediately drives the TXCAN pin into arecessive state.
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NOTE

The user isresponsible for ensuring that the MSCAN is not active when
initialization mode is entered. The recommended procedure isto bring the
MSCAN into sleep mode (SLPRQ = 1 and SLPAK = 1) before setting the
INITRQ bit in the CANCTLO register. Otherwise, the abort of an on-going
message can cause an error condition and can impact other CAN bus
devices.

Ininitialization mode, the MSCAN is stopped. However, interface registers remain accessible. Thismode
isused to reset the CANCTLO, CANRFLG, CANRIER, CANTFLG, CANTIER, CANTARQ,
CANTAAK, and CANTBSEL registersto their default values. In addition, the MSCAN enables the
configuration of the CANBTRO, CANBTRL hit timing registers;, CANIDAC; and the CANIDAR,
CANIDMR message filters. See Section 10.3.2.1, “MSCAN Control Register 0 (CANCTLO0),” for a
detailed description of the initialization mode.

Bus Clock Domain CAN Clock Domain
INIT
— |NITRQ % sync. Jgag
CPU INITRQ

Init Request *
INITAK‘ sync. 4_“_
Flag INITAK LIS

Figure 10-47. Initialization Request/Acknowledge Cycle

Due to independent clock domains within the MSCAN, INITRQ must be synchronized to all domains by
using a specia handshake mechanism. This handshake causes additional synchronization delay (see
Section Figure 10-47., “Initialization Request/Acknowledge Cycle”).

If there is no message transfer ongoing on the CAN bus, the minimum delay will be two additional bus
clocks and three additional CAN clocks. When all parts of the MSCAN are in initialization mode, the
INITAK flag is set. The application software must use INITAK as a handshake indication for the request
(INITRQ) to go into initialization mode.

NOTE

The CPU cannot clear INITRQ beforeinitialization mode (INITRQ=1and
INITAK =1) isactive.

10.4.5.6 MSCAN Power Down Mode

The MSCAN isin power down mode (Table 10-36) when
e CPU isinstop mode
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or
e CPU isinwait mode and the CSWAI bit is set

When entering the power down mode, the MSCAN immediately stops all ongoing transmissions and
receptions, potentially causing CAN protocol violations. To protect the CAN bus system from fatal
consequences of violations to the above rule, the MSCAN immediately drivesthe TXCAN pininto a
recessive state.

NOTE

The user isresponsible for ensuring that the MSCAN is not active when
power down mode is entered. The recommended procedure is to bring the
MSCAN into Sleep mode before the STOP or WA instruction (if CSWAI
isset) isexecuted. Otherwise, the abort of an ongoing message can cause an
error condition and impact other CAN bus devices.

In power down mode, all clocks are stopped and no registers can be accessed. If the MSCAN was not in
sleep mode before power down mode became active, the module performs an internal recovery cycle after
powering up. This causes some fixed delay before the module enters normal mode again.

10.4.5.7 Programmable Wake-Up Function

The MSCAN can be programmed to wake up the MSCAN as soon as CAN bus activity is detected (see
control bit WUPE in Section 10.3.2.1, “MSCAN Control Register 0 (CANCTLO0)"). The sensitivity to
existing CAN bus action can be modified by applying alow-pass filter function to the RXCAN input line
while in sleep mode (see control bit WUPM in Section 10.3.2.2, “MSCAN Control Register 1
(CANCTLD)™).

Thisfeature can be used to protect the MSCAN from wake-up due to short glitches on the CAN buslines.
Such glitches can result from—for example—electromagnetic interference within noisy environments.

10.4.6 Reset Initialization

The reset state of each individual bit islisted in Section 10.3.2, “Register Descriptions,” which details all
the registers and their bit-fields.

10.4.7 Interrupts

This section describes all interrupts originated by the MSCAN. It documents the enabl e bits and generated
flags. Each interrupt is listed and described separately.

10.4.7.1 Description of Interrupt Operation

The MSCAN supports four interrupt vectors (see Table 10-37), any of which can be individually masked
(for details see sections from Section 10.3.2.6, “MSCAN Receiver Interrupt Enable Register
(CANRIER),” to Section 10.3.2.8, “MSCAN Transmitter Interrupt Enable Register (CANTIER)”).
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NOTE
The dedicated interrupt vector addresses are defined in the Resets and
Interrupts chapter.
Table 10-37. Interrupt Vectors
Interrupt Source CCR Mask Local Enable

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

10.4.7.2 Transmit Interrupt

At least one of the threetransmit buffersisempty (not scheduled) and can beloaded to schedule amessage
for transmission. The TXEX flag of the empty message buffer is set.

10.4.7.3 Receive Interrupt

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

10.4.7.4 Wake-Up Interrupt

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

10.4.7.5 Error Interrupt

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

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

» CAN Status Change— The actua value of the transmit and receive error counters control the
CAN bus state of the MSCAN. As soon as the error counters skip into acritical range
(Tx/Rx-warning, Tx/Rx-error, bus-off) the MSCAN flags an error condition. The status change,
which caused the error condition, isindicated by the TSTAT and RSTAT flags (see
Section 10.3.2.5, “MSCAN Receiver Flag Register (CANRFLG)” and Section 10.3.2.6, “MSCAN
Receiver Interrupt Enable Register (CANRIER)").

10.4.7.6 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in either the Section 10.3.2.5, “MSCAN
Receiver Flag Register (CANRFLG)” or the Section 10.3.2.7, “MSCAN Transmitter Flag Register

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 473



Chapter 10 Freescale’s Scalable Controller Area Network (S12MSCANV3)

(CANTFLG).” Interrupts are pending as long as one of the corresponding flagsis set. Theflagsin
CANRFLG and CANTFL G must be reset within theinterrupt handler to handshaketheinterrupt. Theflags
are reset by writing a 1 to the corresponding bit position. A flag cannot be cleared if the respective
condition prevails.

NOTE

It must be guaranteed that the CPU clears only the bit causing the current
interrupt. For thisreason, bit manipulation instructions (BSET) must not be
used to clear interrupt flags. These instructions may cause accidental
clearing of interrupt flags which are set after entering the current interrupt
service routine.

10.4.7.7 Recovery from Stop or Wait

The MSCAN can recover from stop or wait viathe wake-up interrupt. Thisinterrupt can only occur if the
MSCAN wasin sleep mode (SLPRQ =1 and SLPAK = 1) before entering power down mode, the wake-up
option is enabled (WUPE = 1), and the wake-up interrupt is enabled (WUPIE = 1).

10.5 Initialization/Application Information

10.5.1 MSCAN initialization

The procedure to initially start up the MSCAN module out of reset is as follows:

1. Asset CANE

2. Writeto the configuration registersin initialization mode

3. Clear INITRQ to leave initialization mode and enter normal mode
If the configuration of registers which are writable in initialization mode needs to be changed only when
the MSCAN module isin norma mode:

1. Bring the module into sleep mode by setting SLPRQ and awaiting SLPAK to assert after the CAN
bus becomesidle.

2. Enter initialization mode: assert INITRQ and await INITAK
3. Write to the configuration registersin initialization mode
4. Clear INITRQ to leave initialization mode and continue in normal mode

10.5.2 Bus-Off Recovery

The bus-off recovery is user configurable. The bus-off state can either be left automatically or on user
request.

For reasons of backwards compatibility, the MSCAN defaults to automatic recovery after reset. In this
case, the MSCAN will become error active again after counting 128 occurrences of 11 consecutive
recessive hits on the CAN bus (See the Bosch CAN specification for details).
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Chapter 11
Serial Communication Interface (S12SCIV5)

11.1 Introduction

This block guide provides an overview of the serial communication interface (SCI) module.

The SCI allows asynchronous serial communications with peripheral devices and other CPUs.

11.1.1 Glossary

IR: InfraRed

IrDA: Infrared Design Associate
IRQ: Interrupt Request

LIN: Local Interconnect Network
LSB: Least Signibcant Bit

MSB: Most Signibcant Bit

NRZ: Non-Return-to-Zero

RZI: Return-to-Zero-Inverted
RXD: Receive Pin

SCI : Serial Communication Interface
TXD: Transmit Pin

11.1.2 Features

The SCI includes these distinctive features:

Full-duplex or single-wire operation

Standard mark/space non-return-to-zero (NRZ) format

Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths
13-bit baud rate selection

Programmable 8-bit or 9-bit data format

Separately enabled transmitter and receiver

Programmable polarity for transmitter and receiver

K K K K K K K
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¥ Programmable transmitter output parity
¥ Two receiver wakeup methods:
N Idle line wakeup
N Address mark wakeup
¥ Interrupt-driven operation with eight flags:
Transmitter empty
Transmission complete
Receiver full
Idle receiver input
Receiver overrun
Noise error
Framing error
Parity error
Receive wakeup on active edge
Transmit collision detect supporting LIN
Break Detect supporting LIN
¥ Receiver framing error detection
¥ Hardware parity checking
¥ 1/16 bit-time noise detection

2020 20 20 Zv Zv Zv Zv 20 20 2

11.1.3 Modes of Operation

The SCI functions the same in normal, special, and emulation modes. It has two low power modes, wait
and stop modes.

¥ Run mode

¥ Wait mode

¥ Stop mode

11.1.4 Block Diagram

Figure 11-1is a high level block diagram of the SCI module, showing the interaction of various function
blocks.
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SCI Data Register

A

Bus Clock

Infrared > Receive Shift Register
Decoder ol
. IF\’tecelvet RDRF/OR
- Receive & Wakeup R n errup
> Control >| Generation [BRKD
RXEDG
Baud Rate | Data Format Control EIIERR
Generator ] )
ransmi
TDRE
” Y Interrupt
1/16 > Transmit Control >| Generation | TC
[}

Y

Transmit Shift Register

A

Infrared

Data Out TXD

SCI
Interrupt
Request

Encoder

SCI Data Register

Figure 11-1. SCI Block Diagram
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11.2 External Signal Description

The SCI module has a total of two external pins.

11.2.1 TXD — Transmit Pin

The TXD pin transmits SCI (standard or infrared) data. It will idle high in either mode and is high
impedance anytime the transmitter is disabled.

11.2.2 RXD — Receive Pin

The RXD pin receives SCI (standard or infrared) data. An idle line is detected as a line high. This input is
ignored when the receiver is disabled and should be terminated to a known voltage.
11.3 Memory Map and Register Definition

This section provides a detailed description of all the SCI registers.

11.3.1 Module Memory Map and Register Definition

The memory map for the SCI module is given belovirigure 11-2 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 SCI module ar
the address offset for each register.
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11.3.2 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard registe
diagram with an associated bPgure number. Writes to a reserved register locations do not have any effec
and reads of these locations return a zero. Details of register bit and beld function follow the register
diagrams, in bit order.

Register

Name Bit 7 6 5 4 3 2 1 Bit 0
SCIBDH! R

" IREN TNP1 TNPO SBR12 SBR11 SBR10 SBR9 SBRS8
sciepL! R

" SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
SCICR1! R

" LOOPS | SCISWAI RSRC M WAKE ILT PE PT
SCIASR1?2 R 0 0 0 0

" RXEDGIF BERRV BERRIF BKDIF
SCIACR12 R 0 0 0 0 0

" RXEDGIE BERRIE BKDIE
SCIACR22 R 0 0 0 0 0

" BERRM1 | BERRMO | BKDFE
SCICR2 R

" TIE TCIE RIE ILIE TE RE RWU SBK
SCISR1 R| TDRE TC RDRF IDLE OR NF FE PF

W
SCISR2 R 0 0 RAF

" AMAP TXPOL RXPOL BRK13 TXDIR
SCIDRH R RS 0 0 0 0 0 0

T8

W
SCIDRL R R7 R6 R5 R4 R3 R2 R1 RO

W T7 T6 T5 T4 T3 T2 T1 T0

1.These registers are accessible if the AMAP bit in the SCISR2 register is set to zero.
2,These registers are accessible if the AMAP bit in the SCISR2 register is set to one.

|:‘ = Unimplemented or Reserved

Figure 11-2. SCI Register Summary

1 Those registers are accessible if the AMAP bit in the SCISR2 register is set to zero
2 Those registers are accessible if the AMAP bit in the SCISR2 register is set to one
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Table 11-2. IRSCI Transmit Pulse Width

TNP[1:0] Narrow Pulse Width

11 1/4

10 1/32

01 1/16

00 3/16

11.3.2.2 SCI Control Register 1 (SCICR1)
7 6 5 4 3 2 1 0
R

W LOOPS SCISWAI RSRC M WAKE ILT PE PT
Reset 0 0 0 0 0 0 0 0

Figure 11-5. SCI Control Register 1 (SCICR1)

Read: Anytime, if AMAP = 0.
Write: Anytime, if AMAP = 0.

NOTE

This register is only visible in the memory map if AMAP = 0 (reset
condition).

Table 11-3. SCICR1 Field Descriptions

Field Description
7 Loop Select Bit — LOOPS enables loop operation. In loop operation, the RXD pin is disconnected from the SCI
LOOPS and the transmitter output is internally connected to the receiver input. Both the transmitter and the receiver must
be enabled to use the loop function.
0 Normal operation enabled
1 Loop operation enabled
The receiver input is determined by the RSRC bit.
6 SCI Stop in Wait Mode Bit — SCISWAI disables the SCI in wait mode.
SCISWAI |0 SCI enabled in wait mode
1 SClI disabled in wait mode
5 Receiver Source Bit — When LOOPS = 1, the RSRC bit determines the source for the receiver shift register
RSRC input. See Table 11-4.
0 Receiver input internally connected to transmitter output
1 Receiver input connected externally to transmitter
4 Data Format Mode Bit — MODE determines whether data characters are eight or nine bits long.
M 0 One start bit, eight data bits, one stop bit
1 One start bit, nine data bits, one stop bit
3 Wakeup Condition Bit — WAKE determines which condition wakes up the SCI: a logic 1 (address mark) in the
WAKE most significant bit position of a received data character or an idle condition on the RXD pin.
0 Idle line wakeup
1 Address mark wakeup
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Table 11-3. SCICR1 Field Descriptions (continued)

Field Description
2 Idle Line Type Bit — ILT determines when the receiver starts counting logic 1s as idle character bits. The
ILT counting begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string of
logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after the
stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
0 Idle character bit count begins after start bit
1 Idle character bit count begins after stop bit
1 Parity Enable Bit — PE enables the parity function. When enabled, the parity function inserts a parity bit in the
PE most significant bit position.
0 Parity function disabled
1 Parity function enabled
0 Parity Type Bit — PT determines whether the SCI generates and checks for even parity or odd parity. With even
PT parity, an even number of 1s clears the parity bit and an odd number of 1s sets the parity bit. With odd parity, an
odd number of 1s clears the parity bit and an even number of 1s sets the parity bit.
1 Even parity
1 Odd parity
Table 11-4. Loop Functions
LOOPS | RSRC Function
0 X Normal operation
1 0 Loop mode with transmitter output internally connected to receiver input
1 1 Single-wire mode with TXD pin connected to receiver input
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11.3.2.5 SCI Alternative Control Register 2 (SCIACR2)
7 6 5 4 3 2 1 0
R 0
W BERRM1 BERRMO BKDFE
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 11-8. SCI Alternative Control Register 2 (SCIACR2)

Read: Anytime, if AMAP =1
Write: Anytime, if AMAP =1

Table 11-7. SCIACR2 Field Descriptions

Field Description
2:1 Bit Error Mode — Those two bits determines the functionality of the bit error detect feature. See Table 11-8.
BERRM[1:0]
0 Break Detect Feature Enable — BKDFE enables the break detect circuitry.
BKDFE 0 Break detect circuit disabled

1 Break detect circuit enabled

Table 11-8. Bit Error Mode Coding

BERRM1 | BERRMO Function
0 0 Bit error detect circuit is disabled
0 1 Receive input sampling occurs during the 9th time tick of a transmitted bit
(refer to Figure 11-19)
1 0 Receive input sampling occurs during the 13th time tick of a transmitted bit
(refer to Figure 11-19)
1 1 Reserved
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11.4 Functional Description

Chapter 11 Serial Communication Interface (S12SCIV5)

This section provides a complete functional description of the SCI block, detailing the operation of the
design from the end user perspective in a number of subsections.

Figure 11-14 shows the structure of the SCI module. The SCI allows full duplex, asynchronous, serial
communication between the CPU and remote devices, including other CPUs. The SCI transmitter and
receiver operate independently, although they use the same baud rate generator. The CPU monitors the

status of the SCI, writes the data to be transmitted, and processes received data.

ILIE ]—_\
./
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.

e

RXEDGIF

BKDIF

-
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BERRIE
BERRMI[1:0]

> ks ]
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Register —> NF
{} —>| FE
RXD 'F:‘;rferili »| ) SCRXD Receive L—>| PF
> - Shift Register
Decoder > 7y N>| RAF
A RE | ™| IDLE
- RwWU N
v Receive RDRF
d —>»| and Wakeup +> LOOPS | > OR
< Control RSRC
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T o
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Y
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SBK
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Y RSRC Detect
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Figure 11-14. Detailed SCI Block Diagram
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11.4.3 Data Format

The SCI uses the standard NRZ mark/space data format. When Infrared is enabled, the SCI uses RZI dat:
format where zeroes are represented by light pulses and ones remain IBuiguSeé 1-1%elow.

8-Bit Data Format

; ; Possible
(Bit M in SCICR1 Clear) Parity

Bit Next

T\ i (oo Y e Y ez ) ens ) eia ) mis ) mie ) Bz YSE%P \EI(: Standard
SO0 0 O 0 O O 0 A S bae

9-Bit Data Format

(Bit M in SCICR1 Set) POSSIBLE
PARITY
Bit NEXT

-\ - (Bito \ i1 | Bitz ¥ Bits ) Bit4 ) Bit5 | Bit6 | Bit7 | Bit8 YS'II;’%P \ "Bt Standard
SO0 0 00 0 0 O ) [\ _scitas

Figure 11-15. 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 conbgures the SCI for 8-bit data characters. A frame with eight
data bits has a total of 10 bits. Setting the M bit conbgures the SCI for nine-bit data characters. A frame
with nine data bits has a total of 11 bits.

Table 11-13. Example of 8-Bit Data Formats

When the SCI is conbgured 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.

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 8 0 0 1
1 7 0 1 1
1 7 11 0 1

1 The address bit identifies the frame as an address
character. See Section 11.4.6.6, “Receiver Wakeup”.

A frame with nine data bits has a total of 11 bits.

Table 11-14. 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
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1 The address bit identifies the frame as an address
character. See Section 11.4.6.6, “Receiver Wakeup”.

11.4.4 Baud Rate Generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver and the
transmitter. The value from 0 to 8191 written to the SBR12:SBRO bits determines the bus clock divisor.
The SBR bits are in the SCI baud rate registers (SCIBDH and SCIBDL). The baud rate clock is
synchronized with the bus clock and drives the receiver. The baud rate clock divided by 16 drives the
transmitter. The receiver has an acquisition rate of 16 samples per bit time.

Baud rate generation is subject to one source of error:
¥ Integer division of the bus clock may not give the exact target frequency.

Table 11-19ists some examples of achieving target baud rates with a bus clock frequency of 25 MHz.

When IREN = 0 then,
SCI baud rate = SCI bus clock / (16 * SCIBR[12:0])

Table 11-15. Baud Rates (Example: Bus Clock = 25 MHz)

Bits Receiver Transmitter Target Error
SBR[12:0] Clock (Hz) Clock (Hz) Baud Rate (%)
41 609,756.1 38,109.8 38,400 .76
81 308,642.0 19,290.1 19,200 A7
163 153,374.2 9585.9 9,600 .16
326 76,687.1 4792.9 4,800 .15
651 38,402.5 2400.2 2,400 .01
1302 19,201.2 1200.1 1,200 .01
2604 9600.6 600.0 600 .00
5208 4800.0 300.0 300 .00
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11.4.5 Transmitter

Internal Bus
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Figure 11-16. Transmitter Block Diagram

11.4.5.1 Transmitter Character Length

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

11.4.5.2 Character Transmission

To transmit data, the MCU writes the data bits to the SCI data registers (SCIDRH/SCIDRL), which in turn
are transferred to the transmitter shift register. The transmit shift register then shifts a frame out through
the TXD pin, after it has prefaced them with a start bit and appended them with a stop bit. The SCI data
registers (SCIDRH and SCIDRL) are the write-only buffers between the internal data bus and the transmit
shift register.
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Figure 11-17shows two cases of break detect. In trace RXD_1 the break symbol starts with the start bit,
while in RXD_2 the break starts in the middle of a transmission. If BRKDFE =1, in RXD_1 case there
will be no byte transferred to the receive buffer and the RDRF 3ag will not be modibed. Also no framing
error or parity error will be Bagged from this transfer. In RXD_2 case, however the break signal starts later
during the transmission. At the expected stop bit position the byte received so far will be transferred to the
receive buffer, the receive data register full Rag will be set, a framing error and if enabled and appropriate
a parity error will be set. Once the break is detected the BRKDIF 3ag will be set.

Start Bit Position Stop Bit Position

BRKDIF =1

RXD_1

ZeroBitCounter | 1| 2| 3| 4|56 |7 8 |910 ---

FE=1 BRKDIF =1

RXD_2

Zero Bit Counter 1|1 23| 4(5|6 |7 |8]9]10

Figure 11-17. Break Detection if BRKDFE =1 (M = 0)

11.4.5.4 Idle Characters

An idle character (or preamble) contains all logic 1s and has no start, stop, or parity bit. Idle character
length depends on the M bit in SCI control register 1 (SCICR1). The preamble is a synchronizing idle
character that begins the brst transmission initiated after writing the TE bit from 0 to 1.

If the TE bit is cleared during a transmission, the TXD pin becomes idle after completion of the
transmission in progress. Clearing and then setting the TE bit during a transmission queues an idle
character to be sent after the frame currently being transmitted.

NOTE

When queueing an idle character, return the TE bit to logic 1 before the stop
bit of the current frame shifts out through the TXD pin. Setting TE after the
stop bit appears on TXD causes data previously written to the SCI data
register to be lost. Toggle the TE bit for a queued idle character while the
TDRE Rag is set and immediately before writing the next byte to the SCI
data register.

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin
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11.4.5.5 LIN Transmit Collision Detection

This module allows to check for collisions on the LIN bus.

Synchronizer Stage

-|
I
I
I
I
I
4

Receive Shift

LIN Physical Interface
Register — Q‘ :
Compare :I _ I
Bit Error RXD Pin |
I
I

I
;
I
— I
1 | T BusClock | ® LIN Bus
I
I
I
I
I

Sample
— Point
Transmit Shift

I
I
I
Register TXD Pin I

Figure 11-18. Collision Detect Principle

If the bit error circuit is enabled (BERRM[1:0] = 0:1 or = 1:0]), the error detect circuit will compare the
transmitted and the received data stream at a point in time and 3ag any mismatch. The timing checks run
when transmitter is active (not idle). As soon as a mismatch between the transmitted data and the receivec
data is detected the following happens:

¥ The next bit transmitted will have a high level (TXPOL = 0) or low level (TXPOL = 1)
¥ The transmission is aborted and the byte in transmit buffer is discarded.

¥ the transmit data register empty and the transmission complete flag will be set

¥ The bit error interrupt flag, BERRIF, will be set.

¥ No further transmissions will take place until the BERRIF is cleared.

0 1 2 3 4 5 6 7 8 9] 1 1 12 13 1 1 0
_ A A A —
Output Transmit £ | w5 £ | o
. . (o)) (o]
Shift Register &+ & -0
2| £ 2| £
Input Receive % E % E |_
Shift Register wT? w T
BERRM[1:0] = 0:1 BERRM[1:0] = 1:1

Compare Samp\é:ints

Figure 11-19. Timing Diagram Bit Error Detection

If the bit error detect feature is disabled, the bit error interrupt 3ag is cleared.

NOTE

The RXPOL and TXPOL bit should be set the same when transmission
collision detect feature is enabled, otherwise the bit error interrupt 3ag may
be set incorrectly.
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indicating that the received byte can be read. If the receive interrupt enable bit, RIE, in SCI control
register 2 (SCICR?2) is also set, the RDRF Rag generates an RDRF interrupt request.

11.4.6.3 Data Sampling
The RT clock rate. The RT clock is an internal signal with a frequency 16 times the baud rate. To adjust
for baud rate mismatch, the RT clock (§egure 11-2) is re-synchronized:

¥ After every start bit

¥ After the receiver detects a data bit change from logic 1 to logic O (after the majority of data bit
samples at RT8, RT9, and RT10 returns a valid logic 1 and the majority of the next RT8, RT9, and
RT10 samples returns a valid logic 0)

To locate the start bit, data recovery logic does an asynchronous search for alogic O preceded by three logi
1s.When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

Start Bit >| LSB

RXD C [

Samples 1 1 1 0 0 0 0 O

1 1 1 1 1 0
Start Bit Start Bit Data
Qua||f|cat|0n Verlflcanon Sampling
RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RT CLock C CEEEREEEEEREREREERRS SN 8sSEsE R
oc Oumn:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:EEEEEEEn:n:n:n:

Reset RT Clock ¢ * * ¢ ¢ ¢ ¢ * *

Figure 11-21. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT7.
Figure 11-16summarizes the results of the start bit veribcation samples.

Table 11-16. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit veribcation is not successful, the RT clock is reset and a new search for a start bit begins.
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To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10.Table 11-17summarizes the results of the data bit samples.

Table 11-17. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RT8, RT9, and RT10 samples do not affect start bit veribcation. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit veribcation, the noise 3ag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, andRBlE011-18
summarizes the results of the stop bit samples.

Table 11-18. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0
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In Figure 11-2Zhe veribcation samples RT3 and RT5 determine that the pbrst low detected was noise and
not the beginning of a start bit. The RT clock is reset and the start bit search begins again. The noise 3a
is not set because the noise occurred before the start bit was found.

|- Start Bif ——————————————»l«—— |SB

Tl

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RXD

Samples

—_—
—_—
—_—
———>» o
—>» o

RT Clock o B A A R S L i = s B T R T S A

CockCount B F E FE EEERFEEEEREEEREEEEEEEEEEEEE R ER
F ko bt @ @

ResetRTClock Y ¥ Y v v v

Figure 11-22. Start Bit Search Example 1

In Figure 11-23 veribcation sample at RT3 is high. The RT3 sample sets the noise R3ag. Although the
perceived bit time is misaligned, the data samples RT8, RT9, and RT10 are within the bit time and data

recovery is successful.
’(— Perceived Start Bit —— >
j€«————  Actual Start Bit } LSB

i 1 -

Y
A

RXD

Samples 0 0 0 O
RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
—

—
RT Clock Count E

Reset RT Clock + + + + + +

Figure 11-23. Start Bit Search Example 2

RT
RT1
RT1
RT1
RT1
RT2
RT3
RT4
RT5 — > O
RT6
RT7
RT8
RT9
RT1
RT2
RT3
RT4
RT5
RT6
RT7

RT10
RT11
RT12
RT13
RT14
RT15
RT16
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In Figure 11-24a large burst of noise is perceived as the beginning of a start bit, although the test sample
at RT5is high. The RT5 sample sets the noise 3ag. Although this is a worst-case misalignment of perceived
bit time, the data samples RT8, RT9, and RT10 are within the bit time and data recovery is successful.

’(— Perceived Start Bit ——— >
j«———  Actual Start Bit > LSB

il -

RXD

CHILLLI

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

lock O RRERpEERRS oYYy sEdpREpRERREERR

RTClockCount & & F E E E E R E E R EEEEEEEEREEREREEREEE
b o & & & & &

Reset RT Clock ¢ * * *

Figure 11-24. Start Bit Search Example 3

Figure 11-25hows the effect of noise early in the start bit time. Although this noise does not affect proper
synchronization with the start bit time, it does set the noise Rag.

je—— Perceived and Actual Start Bit ——>»«—SB

S

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
—

Samples

RTcockcot E EEECEECECRREELREERRRANgEggree

ockCount & F F E kR eeooeoboeerweerweweoeerkekkrEEEEE®@E@®
r xr x x x x

Reset RT Clock ********* ¢

Figure 11-25. Start Bit Search Example 4
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Figure 11-26hows a burst of noise near the beginning of the start bit that resets the RT clock. The sample
after the reset is low but is not preceded by three high samples that would qualify as a falling edge.
Depending on the timing of the start bit search and on the data, the frame may be missed entirely or it may
set the framing error R3ag.

|- Start Bt —————»}«——LSB

RXD \ M Il No Start Bit Found /s
ResetRTClock ¥y y ¥ ¥ ¥ ¥ ¥ ¥ ¥ VYYY Y Y Y Y Y Y YoYY

Figure 11-26. Start Bit Search Example 5
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RT1
RT1
RT1
RT1
RT1
RT1
RT1
RT1
RT1
RT1
RT1
RT1

In Figure 11-27a noise burst makes the majority of data samples RT8, RT9, and RT10 high. This sets the
noise Rag but does not reset the RT clock. In start bits only, the RT8, RT9, and RT10 data samples are

ignored.

S

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RT Clock C CEE EEEEEEEERERREREEERRE SN SEIELER
oc Ountn:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:n:lEEEEEEErxrxrx

Reset RT Clock + + + + + + + + + + + +

Figure 11-27. Start Bit Search Example 6

11.4.6.4 Framing Errors

If the data recovery logic does not detect a logic 1 where the stop bit should be in an incoming frame, it
sets the framing error 3ag, FE, in SCI status register 1 (SCISR1). A break character also sets the FE 3a
because a break character has no stop bit. The FE 3ag is set at the same time that the RDRF Rag is se
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11.4.6.5 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. Accumulated
bit time misalignment can cause one of the three stop bit data samples (RT8, RT9, and RT10) to fall outside
the actual stop bit. A noise error will occur if the RT8, RT9, and RT10 samples are not all the same logical
values. A framing error will occur if the receiver clock is misaligned in such a way that the majority of the
RT8, RT9, and RT10 stop bit samples are a logic zero.

As the receiver samples an incoming frame, it re-synchronizes the RT clock on any valid falling edge
within the frame. Re synchronization within frames will correct a misalignment between transmitter bit
times and receiver bit times.

11.4.6.5.1 Slow Data Tolerance

Figure 11-28hows how much a slow received frame can be misaligned without causing a noise error or
a framing error. The slow stop bit begins at RT8 instead of RT1 but arrives in time for the stop bit data
samples at RT8, RT9, and RT10.

MSB >/ Stop

Receiver

RT Clock
- N M < 1O © N~ 0o o O +d N ™o I un o
EkEEEEEEEEEEEGRE B
r o o o© o r o
Data
Samples

Figure 11-28. Slow Data

LetOs take RTr as receiver RT clock and RTt as transmitter RT clock.

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles +7 RTr cycles = 151 RTr cycles
to start data sampling of the stop bit.

With the misaligned character showrAigure 11-28the receiver counts 151 RTr cycles at the point when
the count of the transmitting device is 9 bit times x 16 RTt cycles = 144 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 8-bit data
character with no errors is:
((151 b 144)/151) x 100 = 4.63%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 7 RTr cycles = 167 RTr cycles
to start data sampling of the stop bit.

With the misaligned character showrfimure 11-23the receiver counts 167 RTr cycles at the pointwhen
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit
character with no errors is:

((167 D 160) / 167) X 100 = 4.19%
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11.4.6.5.2 Fast Data Tolerance

Figure 11-2%hows how much a fast received frame can be misaligned. The fast stop bit ends at RT10
instead of RT16 but is still sampled at RT8, RT9, and RT10.

Stop \< Idle or Next Frame

Receiver

RT Clock
4 N ™M < 1 © N~ o o O +H N ™M ¥ un o
Bkt kkEEEEEEEEEREEE
r o x r x r o
Data
Samples

Figure 11-29. Fast Data

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles + 10 RTr cycles = 154 RTr cycles
to Pnish data sampling of the stop bit.

With the misaligned character showrAigure 11-29the receiver counts 154 RTr cycles at the point when
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 8-bit
character with no errors is:
((160 B 154) / 160) x 100 = 3.75%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 10 RTr cycles =170 RTr cycles
to Pnish data sampling of the stop bit.

With the misaligned character showrAigure 11-29the receiver counts 170 RTr cycles at the point when
the count of the transmitting device is 11 bit times x 16 RTt cycles = 176 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 9-bit
character with no errors is:
((176 B 170) /176) x 100 = 3.40%

11.4.6.6 Receiver Wakeup

To enable the SCI to ignore transmissions intended only for other receivers in multiple-receiver systems,
the receiver can be put into a standby state. Setting the receiver wakeup bit, RWU, in SCI control register 2
(SCICR?) puts the receiver into standby state during which receiver interrupts are disabled.The SCI will
still load the receive data into the SCIDRHY/L registers, but it will not set the RDRF 3ag.

The transmitting device can address messages to selected receivers by including addressing information i
the initial frame or frames of each message.

The WAKE bit in SCI control register 1 (SCICR1) determines how the SCI is brought out of the standby
state to process an incoming message. The WAKE bit enables either idle line wakeup or address mark
wakeup.
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11.5.2.2 Wait Mode

SCI operation in wait mode depends on the state of the SCISWAI bit in the SCI control register 1
(SCICR1).

¥ If SCISWAI is clear, the SCI operates normally when the CPU is in wait mode.

¥ If SCISWAI is set, SCI clock generation ceases and the SCI module enters a power-conservation
state when the CPU is in wait mode. Setting SCISWAI does not affect the state of the receiver
enable bit, RE, or the transmitter enable bit, TE.
If SCISWAI is set, any transmission or reception in progress stops at wait mode entry. The
transmission or reception resumes when either an internal or external interrupt brings the CPU out
of wait mode. Exiting wait mode by reset aborts any transmission or reception in progress and
resets the SCI.

11.5.2.3 Stop Mode

The SCI is inactive during stop mode for reduced power consumption. The STOP instruction does not
affect the SCI register states, but the SCI bus clock will be disabled. The SCI operation resumes from

where it left off after an external interrupt brings the CPU out of stop mode. Exiting stop mode by reset
aborts any transmission or reception in progress and resets the SCI.

The receive input active edge detect circuit is still active in stop mode. An active edge on the receive input
can be used to bring the CPU out of stop mode.

11.5.3 Interrupt Operation

This section describes the interrupt originated by the SCI block.The MCU must service the interrupt
requestsTable 11-1dists the eight interrupt sources of the SCI.

Table 11-19. SCI Interrupt Sources

Interrupt Source Local Enable Description
TDRE SCISR1[7] TIE Active high level. Indicates that a byte was transferred from SCIDRH/L to the
transmit shift register.
TC SCISR1][6] TCIE Active high level. Indicates that a transmit is complete.
RDRF SCISR1][5] RIE Active high level. The RDRF interrupt indicates that received data is available
in the SCI data register.
OR SCISR1][3] Active high level. This interrupt indicates that an overrun condition has occurred.
IDLE SCISR1[4] ILIE Active high level. Indicates that receiver input has become idle.

RXEDGIF | SCIASR1[7] RXEDGIE | Active high level. Indicates that an active edge (falling for RXPOL = 0, rising for
RXPOL = 1) was detected.

BERRIF | SCIASR1[1] BERRIE Active high level. Indicates that a mismatch between transmitted and received data
in a single wire application has happened.

BKDIF | SCIASR1[0] BRKDIE Active high level. Indicates that a break character has been received.
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11.5.3.1.6 RXEDGIF Description

The RXEDGIF interrupt is set when an active edge (falling if RXPOL = 0, rising if RXPOL = 1) on the
RXD pin is detected. Clear RXEDGIF by writing a O10 to the SCIASR1 SCI alternative status register 1

11.5.3.1.7 BERRIF Description

The BERRIF interrupt is set when a mismatch between the transmitted and the received data in a single
wire application like LIN was detected. Clear BERRIF by writing a O10 to the SCIASR1 SCI alternative
status register 1. This Rag is also cleared if the bit error detect feature is disabled.

11.5.3.1.8 BKDIF Description

The BKDIF interrupt is set when a break signal was received. Clear BKDIF by writing a O10 to the
SCIASR1 SCI alternative status register 1. This 3ag is also cleared if break detect feature is disabled.

11.5.4 Recovery from Wait Mode

The SCI interrupt request can be used to bring the CPU out of wait mode.

11.5.5 Recovery from Stop Mode

An active edge on the receive input can be used to bring the CPU out of stop mode.
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Chapter 12
Serial Peripheral Interface (S12SPIV4)

12.1 Introduction

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status 3ags or the SPI operation can be interrupt driven.

12.1.1 Glossary of Terms

SPI Serial Peripheral Interface
SS Slave Select
SCK Serial Clock
MOSI Master Output, Slave Input
MISO Master Input, Slave Output
MOMI Master Output, Master Input
SISO Slave Input, Slave Output

12.1.2 Features

The SPI includes these distinctive features:

Master mode and slave mode

Bidirectional mode

Slave select output

Mode fault error Rag with CPU interrupt capability
Double-buffered data register

Serial clock with programmable polarity and phase
Control of SPI operation during wait mode

K K K K K K «

12.1.3 Modes of Operation

The SPI functions in three modes: run, wait, and stop.

¥ Run mode
This is the basic mode of operation.
¥  Wait mode
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SPI
2
SPI Control Register 1
BIDIROE
SPI Control Register 2 ;
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SPI Status Register | Slave
- Control CPOL CPHA MOSI
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I 1 Phase + |SCK In < >
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Figure 12-1. SPI Block Diagram

12.2 External Signal Description

This section lists the name and description of all ports including inputs and outputs that do, or may, connect
off chip. The SPI module has a total of four external pins.

12.2.1 MOSI — Master Out/Slave In Pin

This pin is used to transmit data out of the SPI module when it is conPgured as a master and receive date
when it is conbgured as slave.

12.2.2 MISO — Master In/Slave Out Pin

This pin is used to transmit data out of the SPI module when it is conbgured as a slave and receive date
when it is conbgured as master.
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12.2.3 SS — Slave Select Pin

This pin is used to output the select signal from the SPI module to another peripheral with which a data
transfer is to take place whenitis conbgured as a master and it is used as an input to receive the slave sele
signal when the SPI is conbgured as slave.

12.2.4 SCK — Serial Clock Pin

In master mode, this is the synchronous output clock. In slave mode, this is the synchronous input clock

12.3 Memory Map and Register Definition

This section provides a detailed description of address space and registers used by the SPI.

12.3.1 Module Memory Map

The memory map for the SPI is givenHigure 12-2 The address listed for each register is the sum of a
base address and an address offset. The base address is debPned at the SoC level and the address offs
debned at the module level. Reads from the reserved bits return zeros and writes to the reserved bits hav
no effect.

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
SPICR1 R
W SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
SPICR2 R 0 0 0 0
W MODFEN BIDIROE SPISWAI SPCO
SPIBR R 0 0
W SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
SPISR R SPIF 0 SPTEF MODF 0 0 0 0
w
Reserved R
w
SPIDR R . .
Bit 7 6 5 4 3 2 1 Bit O
w
Reserved R
W
Reserved R
w

|:| = Unimplemented or Reserved

Figure 12-2. SPI Register Summary
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Table 12-2. SS Input / Output Selection

MODFEN SSOE Master Mode Slave Mode
0 0 SS not used by SPI SSinput
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
12.3.2.2 SPI Control Register 2 (SPICR2)
7 6 5 4 3 2 1 0
R 0 0
W MODFEN BIDIROE SPISWAI SPCO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 12-4. SPI Control Register 2 (SPICR2)

Read: Anytime

Write: Anytime; writes to the reserved bits have no effect

Table 12-3. SPICR2 Field Descriptions

Field Description
4 Mode Fault Enable Bit — This bit allows the MODF failure to be detected. If the SPI is in master mode and
MODFEN | 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 12-4. 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 Output Enable in the Bidirectional Mode of Operation — This bit controls the MOSI and MISO output buffer
BIDIROE | of the SPI, when in bidirectional mode of operation (SPCO 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 SPCO
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 SPI Stop in Wait Mode Bit — This bit is used for power conservation while in wait mode.
SPISWAI |0 SPI clock operates normally in wait mode.
1 Stop SPI clock generation when in wait mode.
0 Serial Pin Control Bit 0 — This bit enables bidirectional pin configurations as shown in Table 12-4. In master
SPCO mode, a change of this bit will abort a transmission in progress and force the SPI system into idle state.
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Table 12-4. Bidirectional Pin Configurations

Pin Mode SPCO | BIDIROE MISO MOSI

Master Mode of Operation

Normal 0 X Master In Master Out
Bidirectional 1 0 MISO not used by SPI Master In
Master 1/O

Slave Mode of Operation

Normal 0 X Slave Out Slave In
Bidirectional 1 0 Slave In MOSI not used by SPI
Slave 1/0

12.3.2.3 SPI Baud Rate Register (SPIBR)
7 6 5 4 3 2 1 0
VT/ SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 12-5. SPI Baud Rate Register (SPIBR)

Read: Anytime

Write: Anytime; writes to the reserved bits have no effect

Table 12-5. SPIBR Field Descriptions

Field Description

64 SPI Baud Rate Preselection Bits — These bits specify the SPI baud rates as shown in Table 12-6. In master
SPPR[2:0] | mode, a change of these bits will abort a transmission in progress and force the SPI system into idle state.

2-0 SPI Baud Rate Selection Bits — These bits specify the SPI baud rates as shown in Table 12-6. In master mode,
SPR[2:0] |a change of these bits will abort a transmission in progress and force the SPI system into idle state.

The baud rate divisor equation is as follows:

BaudRateDivisor = (SPPR + 1) € 2(SPR+1) Eqn. 12-1

The baud rate can be calculated with the following equation:

Baud Rate = BusClock / BaudRateDivisor Eqgn. 12-2

NOTE

For maximum allowed baud rates, please refer to the SPI Electrical
Specibcation in the Electricals chapter of this data sheet.
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Table 12-6. Example SPI Baud Rate Selection (25 MHz Bus Clock)

Chapter 12 Serial Peripheral Interface (S12SPIV4)

SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO B%‘f\‘/’ifﬁe Baud Rate
0 0 0 0 0 0 2 12.5 MHz
0 0 0 0 0 1 4 6.25 MHz
0 0 0 0 1 0 8 3.125 MHz
0 0 0 0 1 1 16 1.5625 MHz
0 0 0 1 0 0 32 781.25 kHz
0 0 0 1 0 1 64 390.63 kHz
0 0 0 1 1 0 128 195.31 kHz
0 0 0 1 1 1 256 97.66 kHz
0 0 1 0 0 0 4 6.25 MHz
0 0 1 0 0 1 8 3.125 MHz
0 0 1 0 1 0 16 1.5625 MHz
0 0 1 0 1 1 32 781.25 kHz
0 0 1 1 0 0 64 390.63 kHz
0 0 1 1 0 1 128 195.31 kHz
0 0 1 1 1 0 256 97.66 kHz
0 0 1 1 1 1 512 48.83 kHz
0 1 0 0 0 0 6 4.16667 MHz
0 1 0 0 0 1 12 2.08333 MHz
0 1 0 0 1 0 24 1.04167 MHz
0 1 0 0 1 1 48 520.83 kHz
0 1 0 1 0 0 96 260.42 kHz
0 1 0 1 0 1 192 130.21 kHz
0 1 0 1 1 0 384 65.10 kHz
0 1 0 1 1 1 768 32.55 kHz
0 1 1 0 0 0 8 3.125 MHz
0 1 1 0 0 1 16 15625 MHz
0 1 1 0 1 0 32 781.25 kHz
0 1 1 0 1 1 64 390.63 kHz
0 1 1 1 0 0 128 195.31 kHz
0 1 1 1 0 1 256 97.66 kHz
0 1 1 1 1 0 512 48.83 kHz
0 1 1 1 1 1 1024 24.41 kHz
1 0 0 0 0 0 10 2.5 MHz
1 0 0 0 0 1 20 1.25 MHz
1 0 0 0 1 0 40 625 kHz
1 0 0 0 1 1 80 312.5 kHz
1 0 0 1 0 0 160 156.25 kHz
1 0 0 1 0 1 320 78.13 kHz
1 0 0 1 1 0 640 39.06 kHz
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12.3.2.4 SPI Status Register (SPISR)

7 6 5 4 3 2 1 0
R SPIF 0 SPTEF MODF 0 0 0 0
W

Reset 0 0 1 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 12-6. SPI Status Register (SPISR)
Read: Anytime

Write: Has no effect
Table 12-7. SPISR Field Descriptions

Field Description
7 SPIF Interrupt Flag — This bit is set after a received data byte has been transferred into the SPI data register.
SPIF This bit is cleared by reading the SPISR register (with SPIF set) followed by a read access to the SPI data
register.

0 Transfer not yet complete.
1 New data copied to SPIDR.

5 SPI Transmit Empty Interrupt Flag — If set, this bit indicates that the transmit data register is empty. To clear
SPTEF this bit and place data into the transmit data register, SPISR must be read with SPTEF = 1, followed by a write
to SPIDR. Any write to the SPI data register without reading SPTEF = 1, is effectively ignored.

0 SPI data register not empty.
1 SPI data register empty.

4 Mode Fault Flag — This bit is set if the SS input becomes low while the SPI is configured as a master and mode
MODF fault detection is enabled, MODFEN bit of SPICR2 register is set. Refer to MODFEN bit description in
Section 12.3.2.2, “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.
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Data A Received Data B Received Data C Received
| | |

| [ I/SPIF Serviced \ |
| | |

Receive Shift Register Data B | Data C

SPIF !
— I
SPI Data Register Data A Data B Data C
I I o
= Unspecified . = Reception in progress
Figure 12-8. Reception with SPIF Serviced in Time

Data A Received Data B Received Data C Received
I I Data B Lost !
I I !

| | | SPIF Serviced
|

Receive Shift Register Data C

SPIF

SPI Data Register Data A Data C

= Unspecified . = Reception in progress

Figure 12-9. Reception with SPIF Serviced too Late
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12.4 Functional Description

The SPI module allows a duplex, synchronous, serial communication between the MCU and peripheral
devices. Software can poll the SPI status 3ags or SPI operation can be interrupt driven.

The SPI system is enabled by setting the SPI enable (SPE) bit in SPI control register 1. While SPE is set,
the four associated SPI port pins are dedicated to the SPI function as:

¥ Slave selecB6)

¥ Serial clock (SCK)

¥ Master out/slave in (MOSI)
¥ Master in/slave out (MISO)

The main element of the SPI system is the SPI data register. The 8-bit data register in the master and tr
8-bit data register in the slave are linked by the MOSI and MISO pins to form a distributed 16-bit register.
When a data transfer operation is performed, this 16-bit register is serially shifted eight bit positions by the
S-clock from the master, so data is exchanged between the master and the slave. Data written to the mastse
SPI data register becomes the output data for the slave, and data read from the master SPI data register aft
a transfer operation is the input data from the slave.

A read of SPISR with SPTEF = 1 followed by a write to SPIDR puts data into the transmit data register.
When a transfer is complete and SPIF is cleared, received data is moved into the receive data register. Thi:
8-bit data register acts as the SPI receive data register for reads and as the SPI transmit data register fo
writes. A single SPI register address is used for reading data from the read data buffer and for writing data
to the transmit data register.

The clock phase control bit (CPHA) and a clock polarity control bit (CPOL) in the SPI control register 1
(SPICR1) select one of four possible clock formats to be used by the SPI system. The CPOL bit simply
selects a non-inverted or inverted clock. The CPHA bit is used to accommodate two fundamentally
different protocols by sampling data on odd numbered SCK edges or on even numbered SCK edges (se
Section 12.4.3, OTransmission FormatsO

The SPI can be conbgured to operate as a master or as a slave. When the MSTR bit in SPI control register
is set, master mode is selected, when the MSTR bit is clear, slave mode is selected.

NOTE

A change of CPOL or MSTR bit while there is a received byte pending in
the receive shift register will destroy the received byte and must be avoided.
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12.4.3 Transmission Formats

During an SPI transmission, data is transmitted (shifted out serially) and received (shifted in serially)
simultaneously. The serial clock (SCK) synchronizes shifting and sampling of the information on the two
serial data lines. A slave select line allows selection of an individual slave SPI device; slave devices that
are not selected do not interfere with SPI bus activities. Optionally, on a master SPI device, the slave select
line can be used to indicate multiple-master bus contention.

MASTER SPI SLAVE SPI
1| miso MISQ
’—i SHIFT REGISTER |
A
MOSI MOS > SHIFT REGISTER }J
A
ScK SCK
BAUD RATE _ 5¢
GENERATOR | SS A AA—o V. J_iss
DD

Figure 12-10. Master/Slave Transfer Block Diagram

12.4.3.1 Clock Phase and Polarity Controls

Using two bits in the SPI control register 1, software selects one of four combinations of serial clock phase
and polarity.

The CPOL clock polarity control bit specibes an active high or low clock and has no signipcant effect on
the transmission format.

The CPHA clock phase control bit selects one of two fundamentally different transmission formats.

Clock phase and polarity should be identical for the master SPI device and the communicating slave
device. In some cases, the phase and polarity are changed between transmissions to allow a master devic
to communicate with peripheral slaves having different requirements.

12.4.3.2 CPHA =0 Transfer Format

The prst edge on the SCK line is used to clock the brst data bit of the slave into the master and the Prst
data bit of the master into the slave. In some peripherals, the Prst bit of the slaveOs data is available at th
slaveOs data out pin as soon as the slave is selected. In this format, the Prst SCK edge is issued a half cyc
afterSS has become low.

A half SCK cycle later, the second edge appears on the SCK line. When this second edge occurs, the value
previously latched from the serial data input pin is shifted into the LSB or MSB of the shift register,
depending on LSBFE bit.

After this second edge, the next bit of the SPI master data is transmitted out of the serial data output pin of
the master to the serial input pin on the slave. This process continues for a total of 16 edges on the SCK
line, with data being latched on odd numbered edges and shifted on even numbered edges.
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Data reception is double buffered. Data is shifted serially into the SPI shift register during the transfer and
is transferred to the parallel SPI data register after the last bit is shifted in.

After the 16th (last) SCK edge:

¥ Datathat was previously in the master SPI data register should now be in the slave data register anc
the data that was in the slave data register should be in the master.

¥ The SPIF Rag in the SPI status register is set, indicating that the transfer is complete.

Figure 12-11is a timing diagram of an SPI transfer where CPHA = 0. SCK waveforms are shown for
CPOL =0 and CPOL = 1. The diagram may be interpreted as a master or slave timing diagram because
the SCK, MISO, and MOSI pins are connected directly between the master and the slave. The MISO signal
is the output from the slave and the MOSI signal is the output from the mast&S Tiie of the master

must be either high or reconbgured as a general-purpose output not affecting the SPI.

End of Idle State ____yol————  Begin Transfer End ———» _Begin of Idle State

SCK Edge Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

saurLE) L 1 0 1 1 1 1
CHANGE O X X X X X X X a

MOSI pin

CHANGEO —
MISO pin

If next transfer begins here

SEL SS (0)
Master only

-
SEL SS () -

t tT t| t|_
MSB first (LSBFE = 0): MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB Minimum 1/2 SCK
LSB first (LSBFE =1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 MSB for tr t, 1L
t_ = Minimum leading time before the first SCK edge
tr = Minimum trailing time after the last SCK edge
t, = Minimum idling time between transfers (minimum SS high time)

t., tr, and t; are guaranteed for the master mode and required for the slave mode.

Figure 12-11. SPI Clock Format 0 (CPHA = 0)

MC9S12XDP512 Data Sheet, Rev. 2.21

532 Freescale Semiconductor






Chapter 12 Serial Peripheral Interface (S12SPIV4)

End of Idle State 3 ~«——— Begin Transfer End —>| Begin of Idle State

SCK Edge Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAMPLE | I 1 1 1 1 1 1

MOSI/MISO

CHANGE O X X X X X X X L

MOSI pin

CHANGE O —D
MISO pin

If next transfer begins here

SEL SS (0) -\ \
Master only

SEL SS ()

W tr ot ot
MSB first (LSBFE = 0): MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB Minimum 1/2 SCK
LSB first (LSBFE =1): LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 MSB for tr, 4, t
t_ = Minimum leading time before the first SCK edge, not required for back-to-back transfers
tr = Minimum trailing time after the last SCK edge
t; = Minimum idling time between transfers (minimum SS high time), not required for back-to-back transfers

Figure 12-12. SPI Clock Format 1 (CPHA = 1)

TheSS line can remain active low between successive transfers (can be tied low at all times). This format
is sometimes preferred in systems having a single bxed master and a single slave that drive the MISO dat:
line.

¥ Back-to-back transfers in master mode

In master mode, if a transmission has completed and a new data byte is available in the SPI data
register, this byte is sent out immediately without a trailing and minimum idle time.

The SPI interrupt request Rag (SPIF) is common to both the master and slave modes. SPIF gets set one
half SCK cycle after the last SCK edge.
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12.4.4 SPIl Baud Rate Generation

Baud rate generation consists of a series of divider stages. Six bits in the SPI baud rate register (SPPRZ
SPPR1, SPPRO, SPR2, SPR1, and SPRO0) determine the divisor to the SPI module clock which results i
the SPI baud rate.

The SPI clock rate is determined by the product of the value in the baud rate preselection bits
(SPPR2DBSPPRO0) and the value in the baud rate selection bits (SPR2DBSPRO0). The module clock divisor
equation is shown iequation 12-3

BaudRateDivisor = (SPPR + 1) € 2(SPR+1) Eqn. 12-3
When all bits are clear (the default condition), the SPI module clock is divided by 2. When the selection

bits (SPR2DSPRO0) are 001 and the preselection bits (SPPR2DSPPRO0) are 000, the module clock divisc
becomes 4. When the selection bits are 010, the module clock divisor becomes 8, etc.

When the preselection bits are 001, the divisor determined by the selection bits is multiplied by 2. When
the preselection bits are 010, the divisor is multiplied by 3, etcT&#e 12-6for baud rate calculations

for all bit conditions, based on a 25 MHz bus clock. The two sets of selects allows the clock to be divided
by a non-power of two to achieve other baud rates such as divide by 6, divide by 10, etc.

The baud rate generator is activated only when the SPI is in master mode and a serial transfer is taking
place. In the other cases, the divider is disabled to deciggaseairent.

NOTE

For maximum allowed baud rates, please refer to the SPI Electrical
Specibcation in the Electricals chapter of this data sheet.

12.4.5 Special Features

12.45.1 SS Output

TheSS output feature automatically drives 8t pin low during transmission to select external devices
and drives it high during idle to deselect external devices. \BBeoutput is selected, tBS output pin
is connected to th8S input pin of the external device.

TheSS output is available only in master mode during normal SPI operation by asserting SSOE and
MODFEN bit as shown iffable 12-2

The mode fault feature is disabled wHig output is enabled.

NOTE

Care must be taken when using 8t output feature in a multimaster
system because the mode fault feature is not available for detecting system
errors between masters.
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12.4.5.2 Bidirectional Mode (MOMI or SISO)

The bidirectional mode is selected when the SPCO bit is set in SPI control registefab(sde-§. In

this mode, the SPI uses only one serial data pin for the interface with external device(s). The MSTR bit
decides which pin to use. The MOSI pin becomes the serial data I/O (MOMI) pin for the master mode, and
the MISO pin becomes serial data I/O (SISO) pin for the slave mode. The MISO pin in master mode and
MOSI pin in slave mode are not used by the SPI.

Table 12-8. Normal Mode and Bidirectional Mode

When SPE =1 Master Mode MSTR =1 Slave Mode MSTR =0
Serial Out » MOSI Serial In [« MOSI
Normal Mode
SPC0=0 SPI SPI
Serial In |- MISO Serial Out » MISO
Serial Out l »{ MOMI Serial In |-
Bidirectional Mode I/‘/ BIDIROE
SPCO0=1 SPI BIDIROE SPI ’\L
Serial In |- Serial Out | > SISO

The direction of each serial I/O pin depends on the BIDIROE bit. If the pin is conbgured as an output,
serial data from the shift register is driven out on the pin. The same pin is also the serial input to the shift
register.

¥ The SCKis output for the master mode and input for the slave mode.

¥ TheSS is the input or output for the master mode, and it is always the input for the slave mode.

¥ The bidirectional mode does not affect SCK @8dunctions.

NOTE

In bidirectional master mode, with mode fault enabled, both data pins MISO

and MOSI can be occupied by the SPI, though MOSI is normally used for

transmissions in bidirectional mode and MISO is not used by the SPI. If a

mode fault occurs, the SPI is automatically switched to slave mode. In this

case MISO becomes occupied by the SPI and MOSI is not used. This must
be considered, if the MISO pin is used for another purpose.
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12.4.6 Error Conditions

The SPI has one error condition:
¥ Mode fault error

12.4.6.1 Mode Fault Error

If the SS input becomes low while the SPI is conPgured as a master, it indicates a system error where more
than one master may be trying to drive the MOSI and SCK lines simultaneously. This condition is not
permitted in normal operation, the MODF bit in the SPI status register is set automatically, provided the
MODFEN bit is set.

In the special case where the SPI is in master mode and MODFEN bit is clear& pieis not used by

the SPI. In this special case, the mode fault error function is inhibited and MODF remains cleared. In case
the SPI system is conbgured as a slaveS@@in is a dedicated input pin. Mode fault error doesnOt occur

in slave mode.

If a mode fault error occurs, the SPI is switched to slave mode, with the exception that the slave output
buffer is disabled. So SCK, MISO, and MOSI pins are forced to be high impedance inputs to avoid any
possibility of conf3ict with another output driver. A transmission in progress is aborted and the SPI is
forced into idle state.

If the mode fault error occurs in the bidirectional mode for a SPI system conbgured in master mode, output
enable of the MOMI (MOSI in bidirectional mode) is cleared if it was set. No mode fault error occurs in
the bidirectional mode for SPI system conbgured in slave mode.

The mode fault 3ag is cleared automatically by a read of the SPI status register (with MODF set) followed
by a write to SPI control register 1. If the mode fault 3ag is cleared, the SPI becomes a normal master o
slave again.

NOTE

If a mode fault error occurs and a received data byte is pending in the receive
shift register, this data byte will be lost.

12.4.7 Low Power Mode Options

12.4.7.1 SPlin Run Mode

In run mode with the SPI system enable (SPE) bit in the SPI control register clear, the SPI system is in ¢
low-power, disabled state. SPI registers remain accessible, but clocks to the core of this module are
disabled.
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12.4.7.2 SPIl in Wait Mode

SPI operation in wait mode depends upon the state of the SPISWAI bit in SPI control register 2.

¥ If SPISWAI is clear, the SPI operates normally when the CPU is in wait mode

¥ If SPISWAI is set, SPI clock generation ceases and the SPI module enters a power conservation
state when the CPU is in wait mode.

— If SPISWAI is set and the SPI is configured for master, any transmission and reception in
progress stops at wait mode entry. The transmission and reception resumes when the SPI exits
wait mode.

— If SPISWAI isset and the SPI is configured as a slave, any transmission and reception in
progress continues if the SCK continues to be driven from the master. This keeps the slave
synchronized to the master and the SCK.

If the master transmits several bytes while the slave isin wait mode, the slave will continue to
send out bytes consistent with the operation mode at the start of wait mode (i.e., if the daveis
currently sending its SPIDR to the master, it will continue to send the same byte. Elseif the
slave is currently sending the last received byte from the master, it will continue to send each
previous master byte).

NOTE

Care must be taken when expecting data from a master while the slave is in
wait or stop mode. Even though the shift register will continue to operate,
the rest of the SPI is shut down (i.e., a SPIF interrupt moll be generated

until exiting stop or wait mode). Also, the byte from the shift register will
not be copied into the SPIDR register until after the slave SPI has exited wait
or stop mode. In slave mode, a received byte pending in the receive shift
register will be lost when entering wait or stop mode. An SPIF Rag and
SPIDR copy is generated only if wait mode is entered or exited during a
tranmission. If the slave enters wait mode in idle mode and exits wait mode
in idle mode, neither a SPIF nor a SPIDR copy will occur.

12.4.7.3 SPlin Stop Mode

Stop mode is dependent on the system. The SPI enters stop mode when the module clock is disabled (hel
high or low). If the SPI is in master mode and exchanging data when the CPU enters stop mode, the
transmission is frozen until the CPU exits stop mode. After stop, data to and from the external SPI is
exchanged correctly. In slave mode, the SPI will stay synchronized with the master.

The stop mode is not dependent on the SPISWAI bit.

MC9S12XDP512 Data Sheet, Rev. 2.21

538 Freescale Semiconductor






Chapter 12 Serial Peripheral Interface (S12SPI1V4)

MC9S12XDP512 Data Sheet, Rev. 2.21

540 Freescale Semiconductor



Chapter 13
Periodic Interrupt Timer (S12PI1T24B4CV1)

13.1 Introduction

The period interrupt timer (PIT) is an array of 24-bit timers that can be used to trigger peripheral modules
or raise periodic interrupts. Referfagyure 13-1for a simplibed block diagram.

13.1.1 Glossary

Acronyms and Abbreviations

PIT Periodic Interrupt Timer
ISR Interrupt Service Routine
CCR Condition Code Register
SoC System on Chip
. . clock periods of the 16-bit timer modulus down-counters, which are generated by the 8-bit
micro time bases
modulus down-counters.

13.1.2 Features

The PIT includes these features:
¥ Four timers implemented as modulus down-counters with independent time-out periods.

¥ Time-out periods selectable between 1 #fdb@s clock cycles. Time-out equals m*n bus clock
cycles with 1 <= m <= 256 and 1 <= n <= 65536.

Timers that can be enabled individually.

Four time-out interrupts.

Four time-out trigger output signals available to trigger peripheral modules.
Start of timer channels can be aligned to each other.

K K K K

13.1.3 Modes of Operation

Refer to the SoC guide for a detailed explanation of the chip modes.
¥ Run mode
This is the basic mode of operation.
¥ Wait mode

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 541



Chapter 13 Periodic Interrupt Timer (S12PIT24B4CV1)

PIT operation in wait mode is controlled by the PITSWAI bit located in the PITCFLMT register.
In wait mode, if the bus clock is globally enabled and if the PITSWAI bit is clear, the PIT operates
like in run mode. In wait mode, if the PITSWAI bit is set, the PIT module is stalled.

¥ Stop mode
In full stop mode or pseudo stop mode, the PIT module is stalled.
¥ Freeze mode

PIT operation in freeze mode is controlled by the PITFRZ bit located in the PITCFLMT register.
In freeze mode, if the PITFRZ bitis clear, the PIT operates like in run mode. In freeze mode, if the
PITFRZ bit is set, the PIT module is stalled.

13.1.4 Block Diagram
Figure 13-1shows a block diagram of the PIT.

Micro Time - Interrupt 0
- —— >
8-Bit Base 0 }—p 16-Bit Timer 0 Time-Out0 I |nterface Trigger 0
— >

Bus Clock | Mmicro Timer 0

Time-Out 1 Interrupt 1
- E——
"_>7 16-Bit Timer 1 MEM ~ > Interface Trigger 1
———>

; Micro
8-Bit -
I Time Interrupt 2

. . i -
Micro Timer 1 Base 1 "‘)— 16-Bit Timer 2 Time-Out 2 >| Interface Trigger 2

Time-Out 3 Interrupt 3

L - —

>7 16-Bit Timer 3 MEM 2 > Interface Trigger 3
e R

Figure 13-1. PIT Block Diagram

13.2 External Signal Description

The PIT module has no external pins.
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13.3 Memory Map and Register Definition

This section consists of register descriptions in address order. Each description includes a standard registe
diagram with an associated Pgure number. Details of register bit and Peld function follow the register
diagrams, in bit order.

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
PITCFLMT R 0 0 0 0 0
PITE | PITSWAI | PITFRZ
w PFLMTL | PFLMTO
PITFLT R 0 0 0 0 0 0 0 0
W PFLT3 PFLT2 PFLTL | PFLTO
PITCE R 0 0 0 0
" PCE3 PCE2 PCE1 PCEO
PITMUX R 0 0 0 0
" PMUX3 | PMUX2 | PMUX1 | PMUXO
PITNTE R 0 0 0 0
" PINTE3 | PINTEZ2 | PINTEL | PINTEO
PITTF R 0 0 0 0
PTF3 PTF2 PTF1 PTFO
w
PITMTLDO R
\y| PMTLD7 | PMTLDG | PMTLDS | PMTLD4 | PMTLD3 | PMTLD2 | PMTLDL | PMTLDO
PITMTLDL R
\y| PMTLD7 | PMTLDG | PMTLDS | PMTLD4 | PMTLD3 | PMTLD2 | PMTLDL | PMTLDO
PITLDO (High) R
| PLDIS PLD14 PLD13 PLD12 PLD11 PLD10 PLD9 PLDS
PITLDO (Low) R
wl PO PLD6 PLD5 PLD4 PLD3 PLD2 PLD1 PLDO
PITCNTO (High) R
\y| PCNTIS | PCNT14 | PCNTIS | PCNTI2 | PONTLL | PCNT10 | PCNTO | PCNTS
PITCNTO (Low) R
| PCNT? | PCNT6 | PONTS | PCNT4 | PCNTS | PCNT2 | PCNTL | PCNTO
PITLD1 (High) R
PLD15 PLD14 PLD13 PLD12 PLD11 PLD10 PLD9 PLDS

I:I = Unimplemented or Reserved

Figure 13-2. PIT Register Summary (Sheet 1 of 2)
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13.4 Functional Description

Figure 13-1%hows a detailed block diagram of the PIT module. The main parts of the PIT are status,
control and data registers, two 8-bit down-counters, four 16-bit down-counters and an interrupt/trigger
interface.

| PITFLT Register | - PFLTO i PiT-2pac
l PMUX0 Tlmli:'(l')LDO Regist
4 egister )
i time-out O
[ PITMUX Register =4 *D; PITCNTO Register
: PFLT1 L
Bus PITMLDO Register Timer 1
> — - (1] - time- Interrupt /
> 8-Bit Micro Timer O PITLD1 Register ; 4
Clock 0] ) || - outl | Trigger Interface ———
§ PITCNT1 Register > ngdware
2 Trigger
a PFLT2 | PITTF Register |
PITMLD1 Register [2] | Lmer2 ; 4
i ime-
—| 8-Bit Micro Timer 1 PITLD2 Reglsfer out 2 el
[1] M PITCNT2 Register > | PITINTE Register | Interrupt
Request
PITCFLMT Register
PFLT3
PFLMT -
Timer 3
PMUX3 L PITLD3 Register
— PITCNT3 Register
Time-Out 3
Figure 13-19. PIT Detailed Block Diagram
13.4.1 Timer

As shown inFigure 13-AndFigure 13-19the 24-bit timers are built in a two-stage architecture with four
16-bit modulus down-counters and two 8-bit modulus down-counters. The 16-bit timers are clocked with
two selectable micro time bases which are generated with 8-bit modulus down-counters. Each 16-bit timer
is connected to micro time base 0 or 1 via the PMUX][3:0] bit setting in the PIT Multiplex (PITMUX)
register.

A timer channel is enabled if the module enable bit PITE in the PIT control and force load micro timer
(PITCFLMT) register is set and if the corresponding PCE bit in the PIT channel enable (PITCE) register
is set. Two 8-bit modulus down-counters are used to generate two micro time bases. As soon as a micrc
time base is selected for an enabled timer channel, the corresponding micro timer modulus down-counter
will load its start value as specibed inthe PITMTLDO or PITMTLD1 register and will start down-counting.
Whenever the micro timer down-counter has counted to zero the PITMTLD register is reloaded and the
connected 16-bit modulus down-counters count one cycle.
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Whenever a 16-bit timer counter and the connected 8-bit micro timer counter have counted to zero, the
PITLD register is reloaded and the corresponding time-out Rag PTF in the PIT time-out Bag (PITTF)
register is set, as shown inigure 13-20The time-out period is a function of the timer load (PITLD) and
micro timer load (PITMTLD) registers and the bus clogkd

time-out period = (PITMTLD + 1) * (PITLD + 1) ks

For example, for a 40 MHz bus clock, the maximum time-out period equals:
256 * 65536 * 25 ns = 419.43 ms.

The current 16-bit modulus down-counter value can be read via the PITCNT register. The micro timer
down-counter values cannot be read.

The 8-bit micro timers can individually be restarted by writing a one to the corresponding force load micro
timer PFLMT bits in the PIT control and force load micro timer (PITCFLMT) register. The 16-bit timers
can individually be restarted by writing a one to the corresponding force load timer PFLT bits in the PIT
forceload timer (PITFLT) register. If desired, any group of timers and micro timers can be restarted at the
same time by using one 16-bit write to the adjacent PITCFLMT and PITFLT registers with the relevant
bits set, as shown iAigure 13-20

Bus Clock

8-Bit Micro
Timer Counter

PITCNT Register 00 0001 | 0000 f 0001 foooo\ o001 } o000 ¥ ooo1
1 1

8-Bit Force Load

16-Bit Force Load

g LA LL VAR RR VARV
PITTRIG:/_\ :/_\ : !/_\

|l >
[

< >
<€ >

Time-Out Period
After Restart

Time-Out Period

Note 1. The PTF flag clearing depends on the software
Figure 13-20. PIT Trigger and Flag Signal Timing

13.4.2 Interrupt Interface

Each time-out event can be used to trigger an interrupt service request. For each timer channel, an
individual bit PINTE in the PIT interrupt enable (PITINTE) register exists to enable this feature. If PINTE
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Chapter 14
Voltage Regulator (S12VREG3V3V5)

14.1

Introduction

Module VREG_3V3 is a dual output voltage regulator that provides two separate 2.5V (typical) supplies
differing in the amount of current that can be sourced. The regulator input voltage range is from 3.3V up
to 5V (typical).

14.1.1 Features
Module VREG_3V3 includes these distinctive features:

¥

K K K K

Two parallel, linear voltage regulators

N Bandgap reference

Low-voltage detect (LVD) with low-voltage interrupt (LVI)
Power-on reset (POR)

Low-voltage reset (LVR)

Autonomous periodical interrupt (API)

14.1.2 Modes of Operation

There are three modes VREG_3V3 can operate in:

1.

Full performance mode (FPM) (MCU is not in stop mode)

The regulator is active, providing the nominal supply voltage of 2.5 V with full current sourcing
capability at both outputs. Features LVD (low-voltage detect), LVR (low-voltage reset), and POR
(power-on reset) are available. The API is available.

Reduced power mode (RPM) (MCU is in stop mode)

The purpose is to reduce power consumption of the device. The output voltage may degrade to a
lower value than in full performance mode, additionally the current sourcing capability is
substantially reduced. Only the POR is available in this mode, LVD and LVR are disabled. The API

is available.

Shutdown mode
Controlled by VREGEN (see device level specibcation for connectivity of VREGEN).

This mode is characterized by minimum power consumption. The regulator outputs are in a
high-impedance state, only the POR feature is available, LVD and LVR are disabled. The API
internal RC oscillator clock is not available.

This mode must be used to disable the chip internal regulator VREG_3V3, i.e., to bypass the
VREG_3V3 to use external supplies.
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14.1.3 Block Diagram

Figure 14-1shows the function principle of VREG_3V3 by means of a block diagram. The regulator core
REG consists of two parallel subblocks, REG1 and REGZ2, providing two independent output voltages.

X v
REG? DDPLL
Vpor X X VsspL
9 > VBG
Vooa X o
X Vpp
REG1
A
LVD |= > LVR —> LVR POR —— POR
Vssa X X Vss
Y
VREGEN
> CTRL
LVI o
API
Rate < > API AP >
Select
Bus Clock 1‘
LVD: Low-Voltage Detect REG: Regulator Core
LVR: Low-Voltage Reset CTRL: Regulator Control
POR: Power-On Reset API: Auto. Periodical Interrupt
X PIN

Figure 14-1. VREG_3V3 Block Diagram
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14.2 External Signal Description

Due to the nature of VREG_3V3 being a voltage regulator providing the chip internal power supply
voltages, most signals are power supply signals connected to pads.

Table 14-1shows all signals of VREG_3V3 associated with pins.

Table 14-1. Signal Properties

Name Function Reset State | Pull Up
VppRr Power input (positive supply) — —
Vopa Quiet input (positive supply) — —
Vssa Quiet input (ground) — —
Vpp Primary output (positive supply) — —
Vsg Primary output (ground) — —
VppPLL Secondary output (positive supply) — —
VsspLL Secondary output (ground) — —
VRregen (optional) | Optional Regulator Enable — —

NOTE
Check device level specibcation for connectivity of the signals.

14.2.1 VDDR — Regulator Power Input Pins

Signal \ppr is the power input of VREG_3V3. All currents sourced into the regulator loads Row through
this pin. A chip external decoupling capacitor (>=100 nF, X7R ceramic) betwggp ¥nd Vssr(if V ssr
is not available ¥g can smooth ripple onppg.

For entering Shutdown Mode, pirp¥r should also be tied to ground on devices without VREGEN pin.

14.2.2 VDDA, VSSA — Regulator Reference Supply Pins

Signals \Hpa/Vssa Which are supposed to be relatively quiet, are used to supply the analog parts of the
regulator. Internal precision reference circuits are supplied from these signals. A chip external decoupling
capacitor (>=100 nF, X7R ceramic) betwegsp¥ and Vg can further improve the quality of this

supply.

14.2.3 VDD, VSS — Regulator Outputl (Core Logic) Pins

Signals \fp/V gsare the primary outputs of VREG_3V3 that provide the power supply for the core logic.
These signals are connected to device pins to allow external decoupling capacitors (220 nF, X7R ceramic).

In Shutdown Mode an external supply drivinggd/V ggcan replace the voltage regulator.
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14.2.4 VDDPLL, VSSPLL — Regulator Output2 (PLL) Pins

Signals \bpp | /VsspL L are the secondary outputs of VREG_3V3 that provide the power supply for the
PLL and oscillator. These signals are connected to device pins to allow external decoupling capacitors
(220 nF, X7R ceramic).

In Shutdown Mode, an external supply drivingdé, | /V ssp can replace the voltage regulator.

14.2.5 VRgegen — Optional Regulator Enable Pin

This optional signal is used to shutdown VREG_3V3. In that cagg/Vssand Vppp| 1 /V ssp | Must be
provided externally. Shutdown mode is entered with VREGEN being low. If VREGEN is high, the
VREG_3V3 is either in Full Performance Mode or in Reduced Power Mode.

For the connectivity of VREGEN, see device specibcation.

NOTE

Switching from FPM or RPM to shutdown of VREG_3V3 and vice versa
is not supported while MCU is powered.

14.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in VREG_3V3.

If enabled in the system, the VREG_3V3 will abort all read and write accesses to reserved registers within
itOs memory slice.

14.3.1 Module Memory Map

Table 14-Zprovides an overview of all used registers.
Table 14-2. Memory Map

Aggc;t-:*ests Use Access
0x0000 HT Control Register (VREGHTCL) —
0x0001 Control Register (VREGCTRL) R/W
0x0002 Autonomous Periodical Interrupt Control Register (VREGAPICL) R/W
0x0003 Autonomous Periodical Interrupt Trimming Register (VREGAPITR) R/W
0x0004 Autonomous Periodical Interrupt Period High (VREGAPIRH) R/W
0x0005 Autonomous Periodical Interrupt Period Low (VREGAPIRL) R/W
0x0006 Reserved 06 —
0x0007 Reserved 07 —
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14.3.2 Register Descriptions
This section describes all the VREG_3V3 registers and their individual bits.

14.3.2.1 HT Control Register (VREGHTCL)
The VREGHTCL is reserved for test purposes. This register should not be written.

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

w
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 14-2. HT Control Register (VREGHTCL)

14.3.2.2 Control Register (VREGCTRL)
The VREGCTRL register allows the conbguration of the VREG_3V3 low-voltage detect features.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 LVDS
LVIE LVIF
W
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 14-3. Control Register (VREGCTRL)

Table 14-3. VREGCTRL Field Descriptions

Field Description
2 Low-Voltage Detect Status Bit — This read-only status bit reflects the input voltage. Writes have no effect.
LVDS 0 Input voltage Vppp is above level V|,p or RPM or shutdown mode.
1 Input voltage Vppa is below level V|4 and FPM.
1 Low-Voltage Interrupt Enable Bit
LVIE 0 Interrupt request is disabled.
1 Interrupt will be requested whenever LVIF is set.
0 Low-Voltage Interrupt Flag — LVIF is set to 1 when LVDS status bit changes. This flag can only be cleared by
LVIF writing a 1. Writing a 0 has no effect. If enabled (LVIE = 1), LVIF causes an interrupt request.

0 No change in LVDS bit.
1 LVDS bit has changed.
Note: On entering the Reduced Power Mode the LVIF is not cleared by the VREG_3V3.
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14.3.2.4 Autonomous Periodical Interrupt Trimming Register (VREGAPITR)
The VREGAPITR register allows to trim the API timeout period.

7

6

5

4

3

2

APITRS

APITR4

APITR3

APITR2

APITR1

APITRO

Reset

Ol

Ol

01

Ol

Ol

Ol

1. Reset value is either 0 or preset by factory. See Device User Guide for details.

|:|: Unimplemented or Reserved

Figure 14-5. Autonomous Periodical Interrupt Trimming Register (VREGAPITR)

Table 14-5. VREGAPITR Field Descriptions

Field Description
7-2 Autonomous Periodical Interrupt Period Trimming Bits — See Table 14-6 for trimming effects.
APITR[5:0]

Table 14-6. Trimming Effect of APIT

Bit Trimming Effect

APITR[5] | Increases period

APITR[4] | Decreases period less than APITR[5] increased it
APITR[3] | Decreases period less than APITR[4]

APITR[2] | Decreases period less than APITR[3]

APITR[1] | Decreases period less than APITR[2]

APITR[0] | Decreases period less than APITR[1]
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14.3.2.5

The VREGAPIRH and VREGAPIRL register allows the conbguration of the VREG_3V3 autonomous

Autonomous Periodical Interrupt Rate High and Low Register
(VREGAPIRH / VREGAPIRL)

periodical interrupt rate.

7 6 5 4 3 2 1 0
R 0 0 0 0
W APIR11 APIR10 APIR9 APIRS8
Reset 0 0 0 0 0 0 0 0
|:|: Unimplemented or Reserved
Figure 14-6. Autonomous Periodical Interrupt Rate High Register (VREGAPIRH)
7 6 5 4 3 2 1 0
R
W APIR7 APIR6 APIR5 APIR4 APIR3 APIR2 APIR1 APIRO
Reset 0 0 0 0 0 0 0 0
Figure 14-7. Autonomous Periodical Interrupt Rate Low Register (VREGAPIRL)
Table 14-7. VREGAPIRH / VREGAPIRL Field Descriptions
Field Description
11-0 Autonomous Periodical Interrupt Rate Bits — These bits define the timeout period of the API. See Table 14-8
APIR[11:0] |for details of the effect of the autonomous periodical interrupt rate bits. Writable only if APIFE = 0 of VREGAPICL
register.
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Table 14-8. Selectable Autonomous Periodical Interrupt Periods

APICLK APIR[11:0] Selected Period
0 000 0.2 mst
0 001 0.4 mst
0 002 0.6 mst
0 003 0.8 mst
0 004 1.0 mst
0 005 1.2 mst
o . L.
0 FFD 818.8 mst
0 FFE 819 ms!
0 FFF 819.2 mst
1 000 2 * bus clock period
1 001 4 * bus clock period
1 002 6 * bus clock period
1 003 8 * bus clock period
1 004 10 * bus clock period
1 005 12 * bus clock period
r
1 FFD 8188 * bus clock period
1 FFE 8190 * bus clock period
1 FFF 8192 * bus clock period

1 When trimmed within specified accuracy. See electrical specifications for details.

You can calculate the selected period depending of APICLK as:
Period = 2*(APIR[11:0] + 1) *0.1 ms or period = 2*(APIR[11:0] + 1) * bus clock period
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14.4.2.2 Reduced Power Mode

In Reduced Power Mode, the gate of the output transistor is connected directly to a reference voltage to
reduce power consumption.

14.4.3 Low-Voltage Detect (LVD)

Subblock LVD is responsible for generating the low-voltage interrupt (LVI). LVD monitors the input
voltage (MppaPVssa) and continuously updates the status Rag LVDS. Interrupt 3ag LVIF is set whenever
status 3ag LVDS changes its value. The LVD is available in FPM and is inactive in Reduced Power Mode
or Shutdown Mode.

14.4.4 Power-On Reset (POR)

This functional block monitors yp. If Vpp is below \borp POR is asserted; if3f exceeds ¥orp
the POR is deasserted. POR asserted forces the MCU into Reset. POR Deasserted will trigger the power-o
sequence.

14.45 Low-Voltage Reset (LVR)

Block LVR monitors the primary output voltagepy. If it drops below the assertion level (Yra) Signal,
LVR asserts; if Yyp rises above the deassertion levghfyp) signal, LVR deasserts. The LVR function
is available only in Full Performance Mode.

14.4.6 Regulator Control (CTRL)

This part contains the register block of VREG_3V3 and further digital functionality needed to control the
operating modes. CTRL also represents the interface to the digital core logic.

14.4.7 Autonomous Periodical Interrupt (API)

Subblock API can generate periodical interrupts independent of the clock source of the MCU. To enable
the timer, the bit APIFE needs to be set.

The API timer is either clocked by a trimmable internal RC oscillator or the bus clock. Timer operation
will freeze when MCU clock source is selected and bus clock is turned off. See CRG specibcation for
details. The clock source can be selected with bit APICLK. APICLK can only be written when APIFE is
not set.

The APIR[11:0] bits determine the interrupt period. APIR[11:0] can only be written when APIFE is
cleared. As soon as APIFE is set, the timer starts running for the period selected by APIR[11:0] bits. When
the conbgured time has elapsed, the Rag APIF is set. An interrupt, indicated by Rag APIF =1, is triggered
if interrupt enable bit APIE = 1. The timer is started automatically again after it has set APIF.

The procedure to change APICLK or APIR[11:0] is Pbrst to clear APIFE, then write to APICLK or
APIR[11:0], and afterwards set APIFE.
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The API Trimming bits APITR[5:0] must be set so the minimum period equals 0.2 ms if stable frequency
is desired.

SeeTable 14-6for the trimming effect of APITR.

NOTE
The brst period after enabling the counter by APIFE might be reduced.

The API internal RC oscillator clock is not available if VREG_3V3 is in
Shutdown Mode.

14.4.8 Resets

This section describes how VREG_3V3 controls the reset of the MCU.The reset values of registers and
signals are provided iiection 14.3, OMemory Map and Register DebPnitiBo§sible reset sources are
listed inTable 14-9

Table 14-9. Reset Sources

Reset Source Local Enable
Power-on reset Always active
Low-voltage reset Available only in Full Performance Mode

14.4.9 Description of Reset Operation

14.49.1 Power-On Reset (POR)

During chip power-up the digital core may not work if its supply voltagg © below the POR
deassertion level (Mprp- Therefore, signal POR, which forces the other blocks of the device into reset,
is kept high until \bp exceeds ¥orp The MCU will run the start-up sequence after POR deassertion.
The power-on reset is active in all operation modes of VREG_3V3.

14.49.2 Low-Voltage Reset (LVR)
For details on low-voltage reset, seection 14.4.5, OLow-Voltage Reset (LVR)O

14.4.10 Interrupts
This section describes all interrupts originated by VREG_3V3.

The interrupt vectors requested by VREG_3V3 are listddlme 14-10Vector addresses and interrupt
priorities are debned at MCU level.

Table 14-10. Interrupt Vectors

Interrupt Source Local Enable
Low-voltage interrupt (LVI) LVIE = 1; available only in Full Performance
Mode
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Chapter 15
Background Debug Module (S12XBDMV2)

15.1 Introduction

This section describes the functionality of the background debug module (BDM) sub-block of the
HCS12X core platform.

The background debug module (BDM) sub-block is a single-wire, background debug system implemented

in on-chip hardware for minimal CPU intervention. All interfacing with the BDM is done via the BKGD
pin.

The BDM has enhanced capability for maintaining synchronization between the target and host while
allowing more Rexibility in clock rates. This includes a sync signal to determine the communication rate
and a handshake signal to indicate when an operation is complete. The system is backwards compatible t
the BDM of the S12 family with the following exceptions:

¥ TAGGO command no longer supported by BDM

External instruction tagging feature now part of DBG module
BDM register map and register content extended/modibed
Global page access functionality

Enabled but not active out of reset in emulation modes
CLKSW bit set out of reset in emulation mode.

Family ID readable from Prmware ROM at global address 0x7FFFOF (value for HCS12X devices
is OxC1)

K K K K K K

15.1.1 Features

The BDM includes these distinctive features:

Single-wire communication with host development system

Enhanced capability for allowing more 3exibility in clock rates

SYNC command to determine communication rate

GO_UNTIL command

Hardware handshake protocol to increase the performance of the serial communication
Active out of reset in special single chip mode

Nine hardware commands using free cycles, if available, for minimal CPU intervention
Hardware commands not requiring active BDM

14 brmware commands execute from the standard BDM bPrmware lookup table

K K K K K K K K K
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15.1.2.3 Low-Power Modes

The BDM can be used until all bus masters (e.g., CPU or XGATE) are in stop mode. When CPU is in a
low power mode (wait or stop mode) all BDM brmware commands as well as the hardware
BACKGROUND command can not be used respectively are ignored. In this case the CPU can not enter
BDM active mode, and only hardware read and write commands are available. Also the CPU can not enter
a low power mode during BDM active mode.

If all bus masters are in stop mode, the BDM clocks are stopped as well. When BDM clocks are disabled
and one of the bus masters exits from stop mode the BDM clocks will restart and BDM will have a soft
reset (clearing the instruction register, any command in progress and disable the ACK function). The BDM
is now ready to receive a new command.

15.1.3 Block Diagram
A block diagram of the BDM is shown kigure 15-1

Sygg% BKGD Serial [ Data | 16-Bit Shift Register
Interface | >
Control
Register Block k"
J K
:‘> Address
Bus Interface <:>
_ Data
TRACE < Instruction Code <:::> and
< > and Control Logic (<—> Control
BDMACT[= Execution '«— Clocks
BT 1/ N\
ENBDM [<
< Standard BDM Firmware
sbv [€ = LOOKUP TABLE
Secured BDM Firmware
UNSEC LOOKUP TABLE
CLKSW [<

Figure 15-1. BDM Block Diagram
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15.2 External Signal Description

A single-wire interface pin called the background debug interface (BKGD) pin is used to communicate
with the BDM system. 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
background debug mode.

15.3 Memory Map and Register Definition

15.3.1 Module Memory Map
Table 15-1shows the BDM memory map when BDM is active.

Table 15-1. BDM Memory Map

Global Address Module (BS;/itZ(Ss)
0x7FFFO0-0x7FFFOB BDM registers 12
0x7FFFOC-0x7FFFOE BDM firmware ROM 3

0x7FFFOF Family ID (part of BDM firmware ROM) 1
0x7FFF10-0x7FFFFF BDM firmware ROM 240
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A summary of the registers associated with the BDM is showigime 15-2 Registers are accessed by

Register Descriptions

Chapter 15 Background Debug Module (S12XBDMV2)

host-driven communications to the BDM hardware using READ_BD and WRITE_BD commands.

Global
Address

0x7FFFO0

O0x7FFFO1

0x7FFF02

0x7FFFO3

O0x7FFFO4

0x7FFFO5

0x7FFFO6

Ox7FFFO7

0x7FFFO8

0x7FFF09

O0x7FFFOA

0x7FFFOB

Register
Name

Reserved

BDMSTS

Reserved

Reserved

Reserved

Reserved

BDMCCRL

BDMCCRH

BDMGPR

Reserved

Reserved

Reserved

S =3 =3 =2

=

=S =31 =3

=

= Unimplemented, Reserved

- = Implemented (do not alter)

Bit 7 6 5 4 3 2 1 Bit 0
X X X X X X 0 0
BDMACT 0 Sbhv TRACE UNSEC 0
ENBDM CLKSW
X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X
CCRY7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
0 0 0 0 0
CCR10 CCR9 CCRS8
BGAE BGP6 BGPS BGP4 BGP3 BGP2 BGP1 BGPO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

= Indeterminate

III = Always read zero

Figure 15-2. BDM Register Summary

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor

573



Chapter 15 Background Debug Module (S12XBDMV?2)

15.3.2.1 BDM Status Register (BDMSTYS)

Register Global Address 0x7FFF01

Reset

Special Single-Chip Mode
Emulation Modes

All Other Modes

7 6 5 4 3 2 1 0
ENEDM BDMACT 0 SDV TRACE CLKSW UNSEC
1 0 0 0°
0 0 12 0 0
0 0 0 0 0 0

—
o

= Unimplemented

0
, Reserved - = Implemented (do not alter)

= Always read zero

ENBDM is read as 1 by a debugging environment in special single chip mode when the device is not secured or secured but

fully erased (Flash and EEPROM). This is because the ENBDM bit is set by the standard firmware before a BDM command
can be fully transmitted and executed.

secured.

CLKSW is read as 1 by a debugging environment in emulation modes when the device is not secured and read as 0 when

UNSEC is read as 1 by a debugging environment in special single chip mode when the device is secured and fully erased,

else itis 0 and can only be read if not secure (see also bit description).

Figure 15-3. BDM Status Register (BDMSTS)

Read: All modes through BDM operation when not secured

Write: All modes through BDM operation when not secured, but subject to the following:

N ENBDM should only be set via a BDM hardware command if the BDM brmware commands
are needed. (This does not apply in special single chip and emulation modes).

N BDMACT can only be set by BDM hardware upon entry into BDM. It can only be cleared by
the standard BDM bPrmware lookup table upon exit from BDM active mode.

21 2

CLKSW can only be written via BDM hardware WRITE_BD commands.
All other bits, while writable via BDM hardware or standard BDM bPrmware write commands,

should only be altered by the BDM hardware or standard Prmware lookup table as part of BDM

command execution.

Table 15-2. BDMSTS Field Descriptions

Field

Description

7 Enable BDM — This bit controls whether the BDM is enabled or disabled. When enabled, BDM can be made
ENBDM active to allow firmware commands to be executed. When disabled, BDM cannot be made active but BDM
hardware commands are still allowed.

0 BDM disabled

1 BDM enabled

Note: ENBDM is set by the firmware out of reset in special single chip mode and by hardware in emulation
modes. In special single chip mode with the device secured, this bit will not be set by the firmware until
after the EEPROM and Flash erase verify tests are complete. In emulation modes with the device
secured, the BDM operations are blocked.
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Table 15-3. BDM Clock Sources

PLLSEL | CLKSW BDMCLK
0 0 Bus clock dependent on oscillator
0 1 Bus clock dependent on oscillator
1 0 Alternate clock (refer to the device specification to determine the alternate clock source)
1 1 Bus clock dependent on the PLL

15.3.2.2 BDM CCR LOW Holding Register (BDMCCRL)

Register Global Address Ox7FFF06

7 6 5 4 3 2 1 0
W CCR7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
Reset
Special Single-Chip Mode 1 1 0 0 1 0 0
All Other Modes 0 0 0 0 0 0 0

Figure 15-4. BDM CCR LOW Holding Register (BDMCCRL)

Read: All modes through BDM operation when not secured
Write: All modes through BDM operation when not secured

NOTE
When BDM is made active, the CPU stores the content of its CeRister
in the BDMCCRL register. However, out of special single-chip reset, the
BDMCCRL is set to 0xD8 and not 0xDO which is the reset value of the
CCR_register in this CPU mode. Out of reset in all other modes the
BDMCCRL register is read zero.

When entering background debug mode, the BDM CCR LOW holding register is used to save the low byte
of the condition code register of the userOs program. It is also used for temporary storage in the standar
BDM prmware mode. The BDM CCR LOW holding register can be written to modify the CCR value.
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15.4 Functional Description

The BDM receives and executes commands from a host via a single wire serial interface. There are two
types of BDM commands: hardware and Prmware commands.

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode, seection 15.4.3, OBDM Hardware Commandatyet system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background debuc
mode, se&ection 15.4.4, OStandard BDM Firmware Commantis®CPU resources referred to are the
accumulator (D), X index register (X), Y index register (Y), stack pointer (SP), and program counter (PC).

Hardware commands can be executed at any time and in any mode excluding a few exceptions as
highlighted (se&ection 15.4.3, OBDM Hardware Comma@s(d in secure mode (section 15.4.1,
OSecurityOFirmware commands can only be executed when the system is not secure and is in active
background debug mode (BDM).

15.4.1 Security

If the user resets into special single chip mode with the system secured, a secured mode BDM bPrmware
lookup table is brought into the map overlapping a portion of the standard BDM bPrmware lookup table.
The secure BDM brmware veribes that the on-chip EEPROM and Flash EEPROM are erased. This being
the case, the UNSEC and ENBDM bit will get set. The BDM program jumps to the start of the standard
BDM brmware and the secured mode BDM brmware is turned off and all BDM commands are allowed.
Ifthe EEPROM or Flash do not verify as erased, the BDM brmware sets the ENBDM bit, without asserting
UNSEC, and the bPrmware enters a loop. This causes the BDM hardware commands to become enable
but does not enable the Prmware commands. This allows the BDM hardware to be used to erase the
EEPROM and Flash.

BDM operation is not possible in any other mode than special single chip mode when the device is secured.
The device can only be unsecured via BDM serial interface in special single chip mode. For more
information regarding security, please see the S12X_9SEC Block Guide.

15.4.2 Enabling and Activating BDM

The system must be in active BDM to execute standard BDM bPrmware commands. BDM can be activated
only after being enabled. BDM is enabled by setting the ENBDM bit in the BDM status (BDMSTS)
register. The ENBDM bit is set by writing to the BDM status (BDMSTS) register, via the single-wire
interface, using a hardware command such as WRITE_BD_ BYTE.
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After being enabled, BDM is activated by one of the foIIO\Rring
¥ Hardware BACKGROUND command
¥ CPU BGND instruction
¥ External instruction tagging mecharfsm
¥ Breakpoint force or tag mechanfsm

When BDM is activated, the CPU Pnishes executing the current instruction and then begins executing the
Prmware in the standard BDM bPrmware lookup table. When BDM is activated by a breakpoint, the type
of breakpoint used determines if BDM becomes active before or after execution of the next instruction.

NOTE

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

In active BDM, the BDM registers and standard BDM brmware lookup table are mapped to addresses
Ox7FFFO0O0 to Ox7FFFFF. BDM registers are mapped to addresses Ox7FFF00 to Ox7FFFOB. The BDM uses
these registers which are readable anytime by the BDM. However, these registers are not readable by use
programs.

15.4.3 BDM Hardware Commands

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

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

The BDM hardware commands are listed@ble 15-5

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 ar
enabled just for the READ_BD and WRITE_BD access cycle. This allows the BDM to access BDM
locations unobtrusively, even if the addresses conf3ict with the application memory map.

1. BDM is enabled and active immediately out of special single-chip reset.
2. This method is provided by the S12X_DBG module.
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Table 15-5. Hardware Commands

Command Opcode Data Description
(hex)
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 | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Odd address data on low byte; even address data on high byte.
READ_BD_WORD EC 16-bit address | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Must be aligned access.
READ_BYTE EO 16-bit address | Read from memory with standard BDM firmware lookup table out of map.
16-bit data out | Odd address data on low byte; even address data on high byte.
READ_WORD E8 16-bit address | Read from memory with standard BDM firmware lookup table out of map.
16-bit data out | Must be aligned access.
WRITE_BD_BYTE C4 16-bit address | Write to memory with standard BDM firmware lookup table in map.
16-bit data in | Odd address data on low byte; even address data on high byte.
WRITE_BD_WORD CC 16-hit address | Write to memory with standard BDM firmware lookup table in map.
16-bit data in | Must be aligned access.
WRITE_BYTE Co 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Odd address data on low byte; even address data on high byte.
WRITE_WORD C8 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Must be aligned access.
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.

15.4.4 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 brmware commandsSsetion 15.4.2, OEnabling and Activating

BDMQ Normal instruction execution is suspended while the CPU executes the Prmware located in the
standard BDM brmware lookup table. The hardware command BACKGROUND is the usual way to
activate BDM.

As the system enters active BDM, the standard BDM Prmware lookup table and BDM registers become
visible in the on-chip memory map at Ox7FFFOOPOx7FFFFF, and the CPU begins executing the standard
BDM bprmware. The standard BDM bPrmware watches for serial commands and executes them as they are
received.

The brmware commands are showiaimle 15-6
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Table 15-6. Firmware Commands

Command? Opcode Data Description
(hex)

READ_NEXT? 62 16-bit data out | Increment X index register 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-hit 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<f-hel 42 16-bit data in | Increment X index register by 2 (X = X + 2), then write word to location

vetica><st-superscri pointed to by X.

pt>

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 a7 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 -> GO 18 none (Previous enable tagging and go to user program.)
This command will be deprecated and should not be used anymore.
Opcode will be executed as a GO command.

1 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 When the firmware command READ_NEXT or WRITE_NEXT is used to access the BDM address space the BDM resources
are accessed rather than user code. Writing BDM firmware is not possible.
3 System stop disables the ACK function and ignored commands will not have an ACK-pulse (e.g., CPU in stop or wait mode).

The GO_UNTIL command will not get an Acknowledge if CPU executes the wait or stop instruction before the “UNTIL”
condition (BDM active again) is reached (see Section 15.4.7, “Serial Interface Hardware Handshake Protocol” last Note).
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15.45 BDM Command Structure

Hardware and brmware 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.

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.

16-bit misaligned reads and writes are generally not allowed. If attempted
by BDM hardware command, the BDM will ignore the least signibcant bit
of the address and will assume an even address from the remaining bits.

The following cycle count information is only valid when the external wait
function is not used (see wait bit of EBI sub-block). During an external wait
the BDM can not steal a cycle. Hence be careful with the external wait
function if the BDM serial interface is much faster than the bus, because of
the BDM soft-reset after time-out (section 15.4.11, OSerial
Communication Time OujO

For hardware data read commands, the external host must wait at least 150 bus clock cycles after sendin
the address before attempting to obtain the read data. This is to be certain that valid data is available in the
BDM shift register, ready to be shifted out. For hardware write commands, the external host must wait
150 bus clock cycles after sending the data to be written before attempting to send a new command. This
is to avoid disturbing the BDM shift register before the write has been completed. The 150 bus clock cycle
delay in both cases includes the maximum 128 cycle delay that can be incurred as the BDM waits for a
free cycle before stealing a cycle.

For Prmware read commands, the external host should wait at least 48 bus clock cycles after sending tf
command opcode and before attempting to obtain the read data. This includes the potential of extra cycles
when the access is external and stretched (+1 to maximum +7 cycles) or to registers of the PRU (port
replacement unit) in emulation mode. The 48 cycle wait allows enough time for the requested data to be
made available in the BDM shift register, ready to be shifted out.

NOTE

This timing has increased from previous BDM modules due to the new
capability in which the BDM serial interface can potentially run faster than
the bus. On previous BDM modules this extra time could be hidden within
the serial time.

For brmware write commands, the external host must wait 36 bus clock cycles after sending the data to be
written before attempting to send a new command. This is to avoid disturbing the BDM shift register
before the write has been completed.
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The external host should wait at least for 76 bus clock cycles after a TRACEL1 or GO command before
starting any new serial command. This is to allow the CPU to exit gracefully from the standard BDM
Prmware lookup table and resume execution of the user code. Disturbing the BDM shift register
prematurely may adversely affect the exit from the standard BDM bPrmware lookup table.

NOTE

If the bus rate of the target processor is unknown or could be changing or the
external wait function is used, it is recommended that the ACK
(acknowledge function) is used to indicate when an operation is complete.
When using ACK, the delay times are automated.

Figure 15-7represents the BDM command structure. The command blocks illustrate a series of eight bit
times starting with a falling edge. The bar across the top of the blocks indicates that the BKGD line idles
in the high state. The time for an 8-bit command %s1® target clock cycles.

8 Bits 16 Bits 150-BC 16 Bits
AT~16 TC/Bit AT~16 TC/Bit Delay AT~16 TC/Bit
Hggz\;\aare Command Address Data Col\rlner)rgtandi
150-BC
Delay
H%\r/(:i\{\gare Command Address Data : Col\rlner)rgtandi
48-BC
DELAY
“Reag | Command Data Command,
36-BC
DELAY
Firmware ' Next
Write Command Data ' Command.
76-BC
Delay
GO, ' Next
TRACE Command © Command. BC = Bus Clock Cycles

--------- R TC = Target Clock Cycles
Figure 15-7. BDM Command Structure

1. Target clock cycles are cycles measured using the target MCU'’s serial clock rate. See Section 15.4.6, “BDM Serial Interface”
and Section 15.3.2.1, “BDM Status Register (BDMSTS)” for information on how serial clock rate is selected.

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 583



Chapter 15 Background Debug Module (S12XBDMV?2)

15.4.6 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 15.3.2.1, OBDM Status Register (BDMSTEhi3 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 signibcant bit (MSB) brst 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. Since 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 shownkingure 15-8and that of target-to-host Figure 15-9and

Figure 15-10All four cases begin when the host drives the BKGD pin low to generate a falling edge. Since
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 clock cycle
earlier. Synchronization between the host and target is established in this manner at the start of every bi
time.

Figure 15-8shows an external host transmitting a logic 1 and transmitting a logic O to the BKGD pin of a
target system. The host is asynchronous to the target, so there is up to a one clock-cycle delay from the
host-generated falling edge to where the target recognizes this edge as the beginning of the bit time. Te
target clock cycles later, the target senses the bit level on the BKGD pin. Internal glitch detect logic
requires the pin be driven high no later that eight target clock cycles after the falling edge for a logic 1
transmission.

Since the host drives the high speedup pulses in these two cases, the rising edges look like digitally driven
signals.
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BDM Clock
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Transmit 1 \ . \ \
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Host ’, . ' i
Transmit O \ : \ \
"o I I I I I I I I I I I I T I T
Perceived Target Senses Bit T
Start of Bit Time .
10 Cycles Earliest
~— Start of
Synchronization Next Bit
Uncertainty

Figure 15-8. BDM Host-to-Target Serial Bit Timing

The receive cases are more complicafteglire 15-9shows the host receiving a logic 1 from the target
system. Since the host is asynchronous to the target, there is up to one clock-cycle delay from the
host-generated falling edge on BKGD to the perceived start of the bit time in the target. The host holds the
BKGD pin low long enough for the target to recognize it (at least two target clock cycles). The host must
release the low drive before the target drives a brief high speedup pulse seven target clock cycles after the
perceived start of the bit time. The host should sample the bit level about 10 target clock cycles after it
started the bit time.

BDM Clock

(Target MCU) ||||||||||||||||||||||||||||||||||||||

‘Host ~
Driveto - - - - - -4 oo
BKGDPin_ ' o
|

________________________

Target System
Speedup
Pulse

High-Impedance
Perceived

Start of Bit Time J ! ! !

BKGDPin \ R

!: 10 Cycles »- T
[ 10 Cycles >
Earliest
+ Start of
Next Bit

Host Samples
BKGD Pin

Figure 15-9. BDM Target-to-Host Serial Bit Timing (Logic 1)
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Figure 15-10shows the host receiving a logic 0 from the target. Since the host is asynchronous to the
target, there is up to a one clock-cycle delay from the host-generated falling edge on BKGD to the start of
the bit time as perceived by the target. The host initiates the bit time but the target Pnishes it. Since the
target wants the host to receive a logic O, it drives the BKGD pin low for 13 target clock cycles then briel3y
drives it high to speed up the rising edge. The host samples the bit level about 10 target clock cycles after
starting the bit time.

BDM Clock ' 1 — '
qargetmcoy | LT LT LT LT L LT L Lo

Host )
Driveto ------ e / ------------- High-Impedance - - - - ----------. R

BKGD Pin _ '\ __.

Target System  —
g Driv% and ------ s \/ \ Lo

Speedup Pulse

Perceived
Start of Bit Time

4
BKGD Pin N \ / - ______

| | | | | | | | | | | | | |
- 10 Cycles »- T
[ 10 Cycles >
Earliest
* Start of
Next Bit

Host Samples
BKGD Pin

Figure 15-10. BDM Target-to-Host Serial Bit Timing (Logic 0)

15.4.7 Serial Interface Hardware Handshake Protocol

BDM commands that require CPU execution are ultimately treated at the MCU bus rate. Since the BDM
clock source can be asynchronously related to the bus frequency, when CLKSW = 0, it is very helpful to
provide a handshake protocol in which the host could determine when an issued command is executed by
the CPU. The alternative is to always wait the amount of time equal to the appropriate number of cycles at
the slowest possible rate the clock could be running. This sub-section will describe the hardware
handshake protocol.

The hardware handshake protocol signals to the host controller when an issued command was successfull
executed by the target. This protocol is implemented by a 16 serial clock cycle low pulse followed by a
brief speedup pulse in the BKGD pin. This pulse is generated by the target MCU when a command, issued
by the host, has been successfully executedfgpee 15-1). This pulse is referred to as the ACK pulse.

After the ACK pulse has Pnished: the host can start the bit retrieval if the last issued command was a read
command, or start a new command if the last command was a write command or a control command
(BACKGROUND, GO, GO_UNTIL or TRACE1). The ACK pulse is notissued earlier than 32 serial clock
cycles after the BDM command was issued. The end of the BDM command is assumed to be the 16th tick
of the last bit. This minimum delay assures enough time for the host to perceive the ACK pulse. Note also
that, there is no upper limit for the delay between the command and the related ACK pulse, since the
command execution depends upon the CPU bus frequency, which in some cases could be very slow
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compared to the serial communication rate. This protocol allows a great 3exibility for the POD designers,
since it does not rely on any accurate time measurement or short response time to any event in the seriz

communication.

BDM Clock ‘ [

(argetMCU) TN TUN

— 16Cycles ————»

Target ' t--High-Impedance- 4 \ i
Transngits 1 9 P \ - - High-Impedance- -
ACK Pulse '
. |, 32Cycles
Co Speedup Pulse

Minimum Delay

1 From the BDM Command Y
BKGD Pin / \ /7 ‘r

16th Tick of the Etaeilrlte g}
Last Command Bit Next Bit

Figure 15-11. Target Acknowledge Pulse (ACK)

NOTE

If the ACK pulse was issued by the target, the host assumes the previous
command was executed. If the CPU enters wait or stop prior to executing a
hardware command, the ACK pulse will not be issued meaning that the
BDM command was not executed. After entering wait or stop mode, the
BDM command is no longer pending.

Figure 15-1&hows the ACK handshake protocol in a command level timing diagram. The READ_BYTE
instruction is used as an example. First, the 8-bit instruction opcode is sent by the host, followed by the
address of the memory location to be read. The target BDM decodes the instruction. A bus cycle is grabbed
(free or stolen) by the BDM and it executes the READ_BYTE operation. Having retrieved the data, the
BDM issues an ACK pulse to the host controller, indicating that the addressed byte is ready to be retrieved.
After detecting the ACK pulse, the host initiates the byte retrieval process. Note that data is sent in the form
of a word and the host needs to determine which is the appropriate byte based on whether the address wa

odd or even.

‘ Target —» Host

J (2) Bytes are New BDM

BKGD Pin| READ_BYTE| Byte Address Retrieved Command

Host — Target Host—» Target

< > =|< I
‘ BDM Issues the
\ ACK Pulse (out of scale)
BDM Executes the
BDM Decodes READ_BYTE Command
the Command
Figure 15-12. Handshake Protocol at Command Level
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Differently from the normal bit transfer (where the host initiates the transmission), the serial interface ACK
handshake pulse is initiated by the target MCU by issuing a negative edge in the BKGD pin. The hardware
handshake protocol irigure 15-11specibes the timing when the BKGD pin is being driven, so the host
should follow this timing constraint in order to avoid the risk of an electrical confRict in the BKGD pin.

NOTE

The only place the BKGD pin can have an electrical conf3ict is when one
side is driving low and the other side is issuing a speedup pulse (high). Other
OhighsO are pulled rather than driven. However, at low rates the time of the
speedup pulse can become lengthy and so the potential conf3ict time
becomes longer as well.

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

NOTE

The ACK pulse does not provide a time out. This means for the GO_UNTIL
command that it can not be distinguished if a stop or wait has been executed
(command discarded and ACK not issued) or if the OUNTILO condition
(BDM active) is just not reached yet. Hence in any case where the ACK
pulse of a command is not issued the possible pending command should be
aborted before issuing a new command. See the handshake abort procedure
described irBection 15.4.8, OHardware Handshake Abort ProcedureO

15.4.8 Hardware Handshake Abort Procedure

The abort procedure is based on the SYNC command. In order to abort a command, which had not issuec
the corresponding ACK pulse, the host controller should generate a low pulse in the BKGD pin by driving
it low for at least 128 serial clock cycles and then driving it high for one serial clock cycle, providing a
speedup pulse. By detecting this long low pulse in the BKGD pin, the target executes the SYNC protocol,
seeSection 15.4.9, OSYNC N Request Timed Reference Puéswllassumes that the pending command
and therefore the related ACK pulse, are being aborted. Therefore, after the SYNC protocol has been
completed the host is free to issue new BDM commands. For Firmware READ or WRITE commands it
can not be guaranteed that the pending command is aborted when issuing a SYNC before the
corresponding ACK pulse. There is a short latency time from the time the READ or WRITE access begins
until it is Pnished and the corresponding ACK pulse is issued. The latency time depends on the Prmware
READ or WRITE command that is issued and if the serial interface is running on a different clock rate
than the bus. When the SYNC command starts during this latency time the READ or WRITE command
will not be aborted, but the corresponding ACK pulse will be aborted. A pending GO, TRACE1 or
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GO_UNTIL command can not be aborted. Only the corresponding ACK pulse can be aborted by the
SYNC command.

Although it is not recommended, the host could abort a pending BDM command by issuing a low pulse in
the BKGD pin shorter than 128 serial clock cycles, which will not be interpreted as the SYNC command.
The ACK is actually aborted when a negative edge is perceived by the target in the BKGD pin. The short
abort pulse should have at least 4 clock cycles keeping the BKGD pin low, in order to allow the negative
edge to be detected by the target. In this case, the target will not execute the SYNC protocol but the pending
command will be aborted along with the ACK pulse. The potential problem with this abort procedure is
when there is a conf3ict between the ACK pulse and the short abort pulse. In this case, the target may not
perceive the abort pulse. The worst case is when the pending command is a read command (i.e.,
READ_BYTE). If the abort pulse is not perceived by the target the host will attempt to send a new
command after the abort pulse was issued, while the target expects the host to retrieve the accessed
memory byte. In this case, host and target will run out of synchronism. However, if the command to be
aborted is not a read command the short abort pulse could be used. After a command is aborted the targe
assumes the next negative edge, after the abort pulse, is the brst bit of a new BDM command.

NOTE

The details about the short abort pulse are being provided only as a reference
for the reader to better understand the BDM internal behavior. It is not
recommended that this procedure be used in a real application.

Since the host knows the target serial clock frequency, the SYNC command (used to abort a command)
does not need to consider the lower possible target frequency. In this case, the host could issue a SYNC
very close to the 128 serial clock cycles length. Providing a small overhead on the pulse length in order to
assure the SYNC pulse will not be misinterpreted by the targeB&®ien 15.4.9, OSYNC N Request

Timed Reference PulseO

Figure 15-13hows a SYNC command being issued after a READ_BYTE, which aborts the
READ_BYTE command. Note that, after the command is aborted a new command could be issued by the
host computer.

READ_BYTE CMD is Aborted SYNC Response
by the SYNC Request From the Target

(Out of Scale) \ / (Out of Scale)

BKGD Pin| READ_BYTE Memory Address READ_STATUS New BDM Command

Host - Target

BDM Decode / \ New BDM Command

and Starts to Execute
the READ_BYTE Command

Figure 15-13. ACK Abort Procedure at the Command Level

Host—» Target

‘ Host—» Target
-« | <>

NOTE
Figure 15-13does not represent the signals in a true timing scale
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Figure 15-14shows a conf3ict between the ACK pulse and the SYNC request pulse. This conf3ict could
occur if a POD device is connected to the target BKGD pin and the target is already in debug active mode.
Consider that the target CPU is executing a pending BDM command at the exact moment the POD is being
connected to the BKGD pin. In this case, an ACK pulse is issued along with the SYNC command. In this
case, there is an electrical confRict between the ACK speedup pulse and the SYNC pulse. Since this is not
a probable situation, the protocol does not prevent this conf3ict from happening.

At Least 128 Cycles |

A

BDM Clock
(Target MCU)
_ ACK Pulse
Target MCU .
rives to == / - High-Impedance - -« cm e cd e e e i e i i i e
BKGD Pin - \
Electrical Conflict
_ Host and
Bri Svl?lsct Target Drive
rives i
ToBKGD Pin - “w..l.. \ to BKGD Pin

Host SYNC Request Pulse -
BKGD Pin \ J B B

<«— 16 Cycles———»|

Figure 15-14. ACK Pulse and SYNC Request Conflict

NOTE

This information is being provided so that the MCU integrator will be aware
that such a conf3ict could eventually occur.

The hardware handshake protocol is enabled by the ACK_ENABLE and disabled by the ACK_DISABLE
BDM commands. This provides backwards compatibility with the existing POD devices which are not
able to execute the hardware handshake protocol. It also allows for new POD devices, that support the
hardware handshake protocol, to freely communicate with the target device. If desired, without the need
for waiting for the ACK pulse.

The commands are described as follows:

¥ ACK_ENABLE N 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 N 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 15.4.3, OBDM Hardware CommaratsfSection 15.4.4, OStandard BDM Firmware CommandsO
for more information on the BDM commands.
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The ACK_ENABLE sends an ACK pulse when the command has been completed. This feature could be
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pulse is
issued in response to this command, the host knows that the target supports the hardware handshake
protocol. If the target does not support the hardware handshake protocol the ACK pulse is not issued. In
this case, the ACK_ENABLE command is ignored by the target since it is not recognized as a valid
command.

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

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 th
CPU to enter active background mode. Note that the ACK is issued whenever the CPU enters BDM, which
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse related
to this command could be aborted using the SYNC command.

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

15.4.9 SYNC — Request Timed Reference Pulse

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

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

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

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

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

o0 s wN

The host measures the low time of this 128 cycle SYNC response pulse and determines the correct spee
for subsequent BDM communications. Typically, the host can determine the correct communication speed
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stop mode has been reached. Hence after a system stop mode the handshake feature must be
enabled again by sending the ACK_ENABLE command.

15.4.11 Serial Communication Time Out

The host initiates a host-to-target serial transmission by generating a falling edge on the BKGD pin. If
BKGD is kept low for more than 128 target clock cycles, the target understands that a SYNC command
was issued. In this case, the target will keep waiting for a rising edge on BKGD in order to answer the
SYNC request pulse. If the rising edge is not detected, the target will keep waiting forever without any
time-out limit.

Consider now the case where the host returns BKGD to logic one before 128 cycles. This is interpreted as
a valid bit transmission, and not as a SYNC request. The target will keep waiting for another falling edge
marking the start of a new bit. If, however, a new falling edge is not detected by the target within 512 clock
cycles since the last falling edge, a time-out occurs and the current command is discarded without affecting
memory or the operating mode of the MCU. This is referred to as a soft-reset.

If a read command is issued but the data is not retrieved within 512 serial clock cycles, a soft-reset will
occur causing the command to be disregarded. The data is not available for retrieval after the time-out has
occurred. This is the expected behavior if the handshake protocol is not enabled. However, consider the
behavior where the BDM is running in a frequency much greater than the CPU frequency. In this case, the
command could time out before the data is ready to be retrieved. In order to allow the data to be retrieved
even with a large clock frequency mismatch (between BDM and CPU) when the hardware handshake
protocol is enabled, the time out between a read command and the data retrieval is disabled. Therefore, the
host could wait for more then 512 serial clock cycles and still be able to retrieve the data from an issued
read command. However, once the handshake pulse (ACK pulse) is issued, the time-out feature is
re-activated, meaning that the target will time out after 512 clock cycles. Therefore, the host needs to
retrieve the data within a 512 serial clock cycles time frame after the ACK pulse had been issued. After
that period, the read command is discarded and the data is no longer available for retrieval. Any negative
edge in the BKGD pin after the time-out period is considered to be a new command or a SYNC request.

Note that whenever a partially issued command, or partially retrieved data, has occurred the time outin the
serial communication is active. This means that if a time frame higher than 512 serial clock cycles is
observed between two consecutive negative edges and the command being issued or data being retrieve
is not complete, a soft-reset will occur causing the partially received command or data retrieved to be
disregarded. The next negative edge in the BKGD pin, after a soft-reset has occurred, is considered by the
target as the start of a new BDM command, or the start of a SYNC request pulse.
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Chapter 16
Interrupt (S12XINTV1)

16.1

Introduction

The XINT module decodes the priority of all system exception requests and provides the applicable vector
for processing the exception to either the CPU or the XGATE module. The XINT module supports:

¥
¥
¥
¥
¥

| bit and X bit maskable interrupt requests

A non-maskable unimplemented opcode trap

A non-maskable software interrupt (SWI) or background debug mode request
A spurious interrupt vector request

Three system reset vector requests

Each of the | bit maskable interrupt requests can be assigned to one of seven priority levels supporting &
Bexible priority scheme. For interrupt requests that are conbgured to be handled by the CPU, the priority
scheme can be used to implement nested interrupt capability where interrupts from a lower level are
automatically blocked if a higher level interrupt is being processed. Interrupt requests conbgured to be
handled by the XGATE module cannot be nested because the XGATE module cannot be interrupted while
processing.

NOTE

The HPRIO register and functionality of the XINT module is no longer
supported, since it is superseded by the 7-level interrupt request priority
scheme.
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16.1.4 Block Diagram
Figure 16-1shows a block diagram of the XINT module.

Peripheral Wake Up
Interrupt Requests @ CPU
Non | Bit Maskable
Channels
Vector
IRQ Channel Address
®
>0
e > 5% )
= g IVBR a
o [r— pre— Interrupt 8,
' Requests =
b f---f------ <. > New
| ! IPL
! PRIOLVL2] | 7y
) PRIOLVLL | ,
RQOS PRIOLVLO | | —ﬁ)ul_rrent
|
One Set Per Channel
(Up to 112 Channels) =
A
INT_XGPRIO
XGATE
Priority
Decoder
Wake up i i Vector XGATE
XGATE ID Interrupts
RQST DMA Request Route,

PRIOLVLN Priority Level
To XGATE Module = bits from the channel configuration

in the associated configuration register

INT_XGPRIO = XGATE Interrupt Priority
IVBR = Interrupt Vector Base
IPL = Interrupt Processing Level

Figure 16-1. XINT Block Diagram
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16.2 External Signal Description

The XINT module has no external signals.

16.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the XINT.
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16.3.1.1 Interrupt Vector Base Register (IVBR)

Address: 0x0121

7 6 5 4 3 2 1 0
R
IVB_ADDR[7:0]
W
Reset 1 1 1 1 1 1 1 1

Figure 16-3. Interrupt Vector Base Register (IVBR)
Read: Anytime
Write: Anytime
Table 16-2. IVBR Field Descriptions

Field Description
7-0 Interrupt Vector Base Address Bits — These bits represent the upper byte of all vector addresses. Out of
IVB_ADDR[7:0] | reset these bits are set to OxFF (i.e., vectors are located at 0XFF10—-0xFFFE) to ensure compatibility to
HCS12.

Note: A system reset will initialize the interrupt vector base register with “OxFF” before it is used to determine
the reset vector address. Therefore, changing the IVBR has no effect on the location of the three reset
vectors (OXFFFA—OXFFFE).

Note: If the BDM is active (i.e., the CPU is in the process of executing BDM firmware code), the contents of
IVBR are ignored and the upper byte of the vector address is fixed as “OxFF".
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16.3.1.2

XGATE Interrupt Priority Configuration Register (INT_XGPRIO)

Address: 0x0126

7 6 5 4 3 2 1 0
R 0 0 0
XILVL[2:0]
W
Reset 0 0 0 0 0 0 0 1

|:|: Unimplemented or Reserved

Figure 16-4. XGATE Interrupt Priority Configuration Register (INT_XGPRIO)

Read: Anytime

Write: Anytime

Table 16-3. INT_XGPRIO Field Descriptions

Field Description
2-0 XGATE Interrupt Priority Level — The XILVL[2:0] bits configure the shared interrupt level of the DMA interrupts
XILVL[2:0] [coming from the XGATE module. Out of reset the priority is set to the lowest active level (“1").
Table 16-4. XGATE Interrupt Priority Levels
Priority XILVL2 XILVL1 XILVLO Meaning
0 0 0 Interrupt request is disabled
low 0 0 1 Priority level 1
0 1 0 Priority level 2
0 1 1 Priority level 3
1 0 0 Priority level 4
1 0 1 Priority level 5
1 1 0 Priority level 6
high 1 1 1 Priority level 7
MC9S12XDP512 Data Sheet, Rev. 2.21
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16.3.1.4 Interrupt Request Configuration Data Registers (INT_CFDATAO0-7)

The eight register window visible at addresses INT_CFDATAOD7 contains the conbguration data for the
block of eight interrupt requests (out of 128) selected by the interrupt conbguration address register
(INT_CFADDR) in ascending order. INT_CFDATAO represents the interrupt conbguration data register
of the vector with the lowest address in this block, while INT_CFDATA7 represents the interrupt
conbguration data register of the vector with the highest address, respectively.

Address: 0x0128

7 6 5 4 3 2 1 0
0 0 0 0
RQST PRIOLVL[2:0]
W
Reset 0 0 0 0 0 0 0 1t

|:|: Unimplemented or Reserved

Figure 16-6. Interrupt Request Configuration Data Register 0 (INT_CFDATAO)
1 Please refer to the notes following the PRIOLVL[2:0] description below.

Address: 0x0129

7 6 5 4 3 2 1 0
0 0 0 0
RQST PRIOLVL[2:0]
W
Reset 0 0 0 0 0 0 0 11

|:|= Unimplemented or Reserved

Figure 16-7. Interrupt Request Configuration Data Register 1 (INT_CFDATA1)
1 Please refer to the notes following the PRIOLVL[2:0] description below.

Address: 0x012A

7 6 5 4 3 2 1 0
0 0 0 0
RQST PRIOLVL[2:0]
W
Reset 0 0 0 0 0 0 0 11

|:|= Unimplemented or Reserved

Figure 16-8. Interrupt Request Configuration Data Register 2 (INT_CFDATA2)
1 Please refer to the notes following the PRIOLVL[2:0] description below.

Address: 0x012B

7 6 5 4 3 2 1 0
0 0 0 0
RQST PRIOLVL[2:0]
W
Reset 0 0 0 0 0 0 0 11

|:|= Unimplemented or Reserved

Figure 16-9. Interrupt Request Configuration Data Register 3 (INT_CFDATA3)
1 Please refer to the notes following the PRIOLVL[2:0] description below.
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Table 16-6. INT_CFDATAO-7 Field Descriptions

PRIOLVL[2:0]

Field Description
7 XGATE Request Enable — This bit determines if the associated interrupt request is handled by the CPU or by
RQST the XGATE module.
0 Interrupt request is handled by the CPU
1 Interrupt request is handled by the XGATE module
Note: The IRQ interrupt cannot be handled by the XGATE module. For this reason, the configuration register
for vector (vector base + 0x00F2) = IRQ vector address) does not contain a RQST bit. Writing a 1 to the
location of the RQST bit in this register will be ignored and a read access will return 0.
2-0 Interrupt Request Priority Level Bits — The PRIOLVL[2:0] bits configure the interrupt request priority level of

the associated interrupt request. Out of reset all interrupt requests are enabled at the lowest active level (“1")

to provide backwards compatibility with previous HCS12 interrupt controllers. Please also refer to Table 16-7 for

available interrupt request priority levels.

Note: Write accesses to configuration data registers of unused interrupt channels will be ignored and read
accesses will return all 0. For information about what interrupt channels are used in a specific MCU,
please refer to the Device User Guide of that MCU.

Note: When vectors (vector base + 0XO0F0—-Ox00FE) are selected by writing OxFO to INT_CFADDR, writes to
INT_CFDATA2—7 (0xO0F4—0x00FE) will be ignored and read accesses will return all 0s. The
corresponding vectors do not have configuration data registers associated with them.

Note: Write accesses to the configuration register for the spurious interrupt vector request
(vector base + 0x0010) will be ignored and read accesses will return 0x07 (request is handled by the
CPU, PRIOLVL = 7).

Table 16-7. Interrupt Priority Levels

Priority PRIOLVL2 PRIOLVL1 PRIOLVLO Meaning
0 0 0 Interrupt request is disabled
low 0 0 1 Priority level 1
0 1 0 Priority level 2
0 1 1 Priority level 3
1 0 0 Priority level 4
1 0 1 Priority level 5
1 1 0 Priority level 6
high 1 1 1 Priority level 7
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16.4 Functional Description

The XINT module processes all exception requests to be serviced by the CPU module. These exceptions
include interrupt vector requests and reset vector requests. Each of these exception types and their overa
priority level is discussed in the subsections below.

16.4.1 S12X Exception Requests

The CPU handles both reset requests and interrupt requests. The XINT contains registers to conbgure th
priority level of each | bit maskable interrupt request which can be used to implement an interrupt priority
scheme. This also includes the possibility to nest interrupt requests. A priority decoder is used to evaluate
the priority of a pending interrupt request.

16.4.2 Interrupt Prioritization

After system reset all interrupt requests with a vector address lower than or equal to (vector base + 0xO0F2)
are enabled, are set up to be handled by the CPU and have a pre-conbgured priority level of 1. The
exception to this rule is the spurious interrupt vector request at (vector base + 0x0010) which cannot be
disabled, is always handled by the CPU and has a bxed priority level of 7. A priority level of O effectively
disables the associated interrupt request.

If more than one interrupt request is conbgured to the same interrupt priority level the interrupt request
with the higher vector address wins the prioritization.
The following conditions must be met for an | bit maskable interrupt request to be processed.

1. The local interrupt enabled bit in the peripheral module must be set.

2. The setup in the conbguration register associated with the interrupt request channel must meet the
following conditions:

a) The XGATE request enable bit must be 0 to have the CPU handle the interrupt request.
b) The priority level must be set to non zero.

c) The priority level must be greater than the current interrupt processing level in the condition
code register (CCR) of the CPU (PRIOLVL[2:0] > IPL[2:0]).

3. The | bit in the condition code register (CCR) of the CPU must be cleared.
4. There is no SWI, TRAP, ofIRQ request pending.

NOTE

All non | bit maskable interrupt requests always have higher priority than
| bit maskable interrupt requests. If an | bit maskable interrupt request is
interrupted by a non | bit maskable interrupt request, the currently active
interrupt processing level (IPL) remains unaffected. It is possible to nest
non | bit maskable interrupt requests, e.g., by nesting SWI or TRAP calls.
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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 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 exception 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 + 0x0010)).

16.4.5 Reset Exception Requests

The XINT supports three system reset exception request types (please refer to CRG for details):
1. Pinreset, power-on reset, low-voltage reset, or illegal address reset
2. Clock monitor reset request
3. COP watchdog reset request

16.4.6 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the XINT upon request
by the CPU is shown ifable 16-8

Table 16-8. Exception Vector Map and Priority

Vector Address? Source

OXFFFE Pin reset, power-on reset, low-voltage reset, illegal address reset
OXFFFC Clock monitor reset
OXFFFA COP watchdog reset

(Vector base + 0xO0F8) Unimplemented opcode trap

(Vector base + 0xO0F6) Software interrupt instruction (SWI) or BDM vector request

(Vector base + 0x00F4) XIRQ interrupt request

(Vector base + 0x00F2) IRQ interrupt request

(Vector base + 0x00F0-0x0012) | Device specific | bit maskable interrupt sources (priority determined by the associated
configuration registers, in descending order)
(Vector base + 0x0010) Spurious interrupt

1 16 bits vector address based
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0
Stacked IPL 0 4 0 0 0
IPL in CCR 0 4 7 4 3 1 0
! A
6
L7 RTI
5
Y
: 4 Iy
Processing Levels v RTI
3 -
L3 (Pending)
2 L4 RTI
1 > \
L1 (Pending) v RTI
0 I I

Reset

Figure 16-14. Interrupt Processing Example
16.5.3 Wake Up from Stop or Wait Mode

16.5.3.1 CPU Wake Up from Stop or Wait Mode

Every | bit maskable interrupt request which is conbgured to be handled by the CPU is capable of waking
the MCU from stop or wait mode. To determine whether an | bit maskable interrupts is qualiPed to wake
up the CPU or not, the same settings as in normal run mode are applied during stop or wait mode:

¥ Ifthe | bitin the CCR is set, all | bit maskable interrupts are masked from waking up the MCU.

¥ An | bit maskable interrupt is ignored if it is conbPgured to a priority level below or equal to the
current IPL in CCR.

¥ | bit maskable interrupt requests which are conbgured to be handled by the XGATE are not capable
of waking up the CPU.

An XIRQ request can wake up the MCU from stop or wait mode at anytime, even if the X bitin CCR is set.

16.5.3.2 XGATE Wake Up from Stop or Wait Mode

Interrupt request channels which are conbgured to be handled by the XGATE are capable of waking up the
XGATE. Interrupt request channels handled by the XGATE do not affect the state of the CPU.
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Chapter 17
Memory Mapping Control (S12XMMCV2)

17.1 Introduction

This section describes the functionality of the module mapping control (MMC) sub-block of the S12X
platform. The block diagram of the MMC is showrFigure 1-1

The MMC module controls the multi-master priority accesses, the selection of internal resources and
external space. Internal buses including internal memories and peripherals are controlled in this module
The local address space for each master is translated to a global memory space.

17.1.1 Features

The main features of this block are:
¥ Paging capability to support a global 8 Mbytes memory address space
¥ Bus arbitration between the masters CPU, BDM, and XGATE
¥ Simultaneous accesses to different resolifgernal, external, and peripherals) ($égure 1-)
¥ Resolution of target bus access collision
¥

Access restriction control from masters to some targets (e.g., RAM write access protection for user
specibed areas)

¥ MCU operation mode control

¥ MCU security control

¥ Separate memory map schemes for each master CPU, BDM, and XGATE
¥ ROM control bits to enable the on-chip FLASH or ROM selection

¥ Port replacement registers access control

¥

Generation of system reset when CPU accesses an unimplemented address (i.e., an address whi
does not belong to any of the on-chip modules) in single-chip modes

17.1.2 Modes of Operation

This subsection lists and brieRRy describes all operating modes supported by the MMC.

17.1.2.1 Power Saving Modes

¥ Run mode
MMC is functional during normal run mode.

1. Resources are also called targets.
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¥ Wait mode
MMC is functional during wait mode.
¥ Stop mode

MMC is inactive during stop mode.

17.1.2.2 Functional Modes

¥ Single chip modes
In normal and special single chip mode the internal memory is used. External bus is not active.
¥ Expanded modes

Address, data, and control signals are activated in normal expanded and special test modes whe
accessing the external bus.

¥ Emulation modes

External bus is active to emulate via an external tool the normal expanded or the normal single chip
mode.

17.1.3 Block Diagram
Figure 1-1shows a block diagram of the MMC.

p— BDM CPU XGATE

| S $
S I R R V

Address Decoder & Priority p— DBG
EEPROM [« * * *
el Target Bus Controller et

FLASH [« * * *
% | v v

RAM Peripherals |«

Figure 17-1. MMC Block Diagram

17.2 External Signal Description

The user is advised to refer to the SoC Guide for port conbguration and location of external bus signals.
Some pins may not be bonded out in all implementations.
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Table 1-2andTable 1-3outline the pin names and functions. It also provides a brief description of their
operation.
Table 17-1. External Input Signals Associated with the MMC

Signal 1/0 Description Availability
MODC I Mode input Latched after
MODB | Mode input RESET (active low)
MODA I Mode input

EROMCTL I EROM control input

ROMCTL I ROM control input

Table 17-2. External Output Signals Associated with the MMC

Available in Modes
Signal I/O Description
NS SS NX ES EX ST
Cso (0] Chip select line 0 (see Table 1-4)
Cs1 (0] Chip select line 1
CS2 (0] Chip select line 2
Cs3 (0] Chip select line 3
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17.3 Memory Map and Registers

17.3.1

A summary of the registers associated with the MMC block is shoviaigare 1-2 Detailed descriptions

Module Memory Map

of the registers and bits are given in the subsections that follow.

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

0x000A  MMCCTLO R 0 0 0 0

W CS3E CS2E CS1E CSOE
0x000B MODE R 0 0 0 0 0

MODC MODB MODA

w
0x0010 GPAGE R 0

" GP6 GP5 GP4 GP3 GP2 GP1 GPO
0x0011 DIRECT R

W DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
0x0012 Reserved R 0 0 0 0 0 0 0 0

W
0x0013 MMCCTL1 R 0 0 0 0 0

W EROMON | ROMHM ROMON
0x0014 Reserved R 0 0 0 0 0 0 0 0

W
0x0015 Reserved R 0 0 0 0 0 0 0 0

w
0x0016 RPAGE R

W RP7 RP6 RP5 RP4 RP3 RP2 RP1 RPO
0x0017 EPAGE R

W EP7 EP6 EP5 EP4 EP3 EP2 EP1 EPO
0x0030 PPAGE R

W PIX7 PIX6 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
0x0031 Reserved R 0 0 0 0 0 0 0 0

W

I:I = Unimplemented or Reserved
Figure 17-2. MMC Register Summary
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Address  Register Bit 7 6 5 4 3 2 1 Bt 0
Name
0x011C RAMWPC R 0 0 0 0 0
RPWE AVIE AVIF

W
0x011D RAMXGU R[ 1

" XGU6 | XGUS | xGua | xGus | xcu2 | xeui | xGuo
0x011E  RAMSHL R[ 1

w SHL6 | SHL5 | SHL4 | SHL3 | sSHL2 | sHLL | SHLO
0x011F RAMSHU R[ 1

w SHU6 | SHU5 | SHua | sHU3 | sHu2z | sHuUl | sHUO

I:I = Unimplemented or Reserved

Figure 17-2. MMC Register Summary

17.3.2 Register Descriptions

17.3.2.1 MMC Control Register (MMCCTLDO)

Address: 0x0O00A PRR

7 6 5 4 3 2 1 0
R 0 0 0 0
" CS3E CS2E CS1E CSOE
Reset 0 0 0 0 0 0 0 ROMON?

1. ROMON is bit[0] of the register MMCTL1 (see Figure 1-10)

|:|: Unimplemented or Reserved

Figure 17-3. MMC Control Register (MMCCTLDO)

Read: Anytime. In emulation modes read operations will return the data from the external bus. In all other

modes the data is read from this register.

Write: Anytime. In emulation modes write operations will also be directed to the external bus.
Table 17-3. Chip Selects Function Activity

Chip Modes
Register Bit

NS SS NX ES EX ST
CS3E, CS2E, CS1E, CSOE Disabled? Disabled Enabled? Disabled Enabled Enabled

1 Disabled: feature always inactive.
2 Enabled: activity is controlled by the appropriate register bit value.
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The MMCCTLO register is used to control external bus functions, i.e., availability of chip selects.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Table 17-4. MMCCTLO Field Descriptions

Field Description

3-0 Chip Select Enables — Each of these bits enables one of the external chip selects CS3, CS2, CS1, and CS0O
CS[3:0]E | outputs which are asserted during accesses to specific external addresses. The associated global address
ranges are shown in Table 1-6 and Table 1-21 and Figure 1-23.

Chip selects are only active if enabled in normal expanded mode, Emulation expanded mode and special test
mode. The function disabled in all other operating modes.

0 Chip select is disabled

1 Chip select is enabled

Table 17-5. Chip Select Signals

Global Address Range Asserted Signal
0x00_0800—OXOF FFFF CS3
0x10_0000-0x1F_FFFF CS2
0x20_0000—-0x3F_FFFF Cs1
0x40_0000-0x7F_FFFF cso?

1 When the internal NVM is enabled (see ROMON in Section 1.3.2.5, “MMC Control
Register (MMCCTL1)") the CSO is not asserted in the space occupied by this on-chip
memory block.
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17.3.2.2 Mode Register (MODE)

Address: 0x000B PRR

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

" MODC MODB MODA
Reset MODC! MODB! MODA! 0 0 0 0 0

1. External signal (see Table 1-2).

|:|: Unimplemented or Reserved

Figure 17-4. Mode Register (MODE)

Read: Anytime. In emulation modes read operations will return the data read from the external bus. In all
other modes the data are read from this register.

Write: Only if a transition is allowed (séegure 1-5. In emulation modes write operations will be also
directed to the external bus.

The MODE bits of the MODE register are used to establish the MCU operating mode.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Table 17-6. MODE Field Descriptions

Field Description

7-5 Mode Select Bits — These bits control the current operating mode during RESET high (inactive). The external
MODC, mode pins MODC, MODB, and MODA determine the operating mode during RESET low (active). The state of
MODB, the pins is latched into the respective register bits after the RESET signal goes inactive (see Figure 1-5).

MODA Write restrictions exist to disallow transitions between certain modes. Figure 1-5 illustrates all allowed mode
changes. Attempting non authorized transitions will not change the MODE bits, but it will block further writes to
these register bits except in special modes.

Both transitions from normal single-chip mode to normal expanded mode and from emulation single-chip to
emulation expanded mode are only executed by writing a value of 0b101 (write once). Writing any other value
will not change the MODE bits, but will block further writes to these register bits.

Changes of operating modes are not allowed when the device is secured, but it will block further writes to these
register bits except in special modes.

In emulation modes reading this address returns data from the external bus which has to be driven by the
emulator. It is therefore responsibility of the emulator hardware to provide the expected value (i.e. a value
corresponding to normal single chip mode while the device is in emulation single-chip mode or a value
corresponding to normal expanded mode while the device is in emulation expanded mode).

MC9S12XDP512 Data Sheet, Rev. 2.21 |
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Normal
Single-Chip

Special
Test
(ST)

Normal
Expanded

(NS)
100

Emulation

001 Single-Chip

(NX)
101

Emulation
Expanded

(ES)
001

Special
Single-Chip
(SS)
000

Transition done by external pins (MODC, MODB, MODA)

Transition done by write access to the MODE register

110
111

(EX)
011

lllegal (MODC, MODB, MODA) pin values.

Do not use. (Reserved for future use).

Figure 17-5. Mode Transition Diagram when MCU is Unsecured
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17.3.2.3 Global Page Index Register (GPAGE)

Address: 0x0010

7 6 5 4 3 2 1 0
R
W GP6 GP5 GP4 GP3 GP2 GP1 GPO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 17-6. Global Page Index Register (GPAGE)

Read: Anytime
Write: Anytime

The global page index register is used only when the CPU is executing a global instruction (GLDAA,
GLDAB, GLDD, GLDS, GLDX, GLDY,GSTAA, GSTAB, GSTD, GSTS, GSTX, GSTY) (see CPU Block
Guide). The generated global address is the result of concatenation of the CPU local address [15:0] witF
the GPAGE reqister [22:16] (s€&gure 1-7.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

__ > Global Address [22:0] - _

Bit22 Bitl6| Bitl5| [ ——— — — — — — — 1 Bit 0

N GPAGE Register [6:0] ¥ X\ CPU Address [15:0] &
Figure 17-7. GPAGE Address Mapping

Table 17-7. GPAGE Field Descriptions

Field Description

6-0 Global Page Index Bits 60 — These page index bits are used to select which of the 128 64-kilobyte pages is
GP[6:0] to be accessed.

Example 17-1. This example demonstrates usage of the GPAGE register

LDAADR EQU $5000 ;Initialize LDADDR to the value of $5000
MOVB #%$14, GPAGE ;Initialize GPAGE register with the value of $14
GLDAA >LDAADR ;Load Accu A from the global address $14 5000
MC9S12XDP512 Data Sheet, Rev. 2.21 |
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17.3.2.4 Direct Page Register (DIRECT)

Address: 0x0011

7 6 5 4 3 2 1 0
R
W DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
Reset 0 0 0 0 0 0 0 0

Figure 17-8. Direct Register (DIRECT)
Read: Anytime
Write: anytime in special modes, one time only in other modes.

This register determines the position of the direct page within the memory map.
Table 17-8. DIRECT Field Descriptions

Field Description

7-0 Direct Page Index Bits 15-8 — These bits are used by the CPU when performing accesses using the direct
DP[15:8] |addressing mode. The bits from this register form bits [15:8] of the address (see Figure 1-9).

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

_ Global Address [22:0] - _

Bit22 | — — — — + Bitl6 | Bitl5 + — — — — - Bit8 |Bit7  — — — — A Bit0

A o [15:8] 4 -
AN N _
A Ccpu Address [15:0] 4
Figure 17-9. DIRECT Address Mapping

Bits [22:16] of the global address will be formed by the GPAGE[6:0] bits in case the CPU executes a global
instruction in direct addressing mode or by the appropriate local address to the global address expansio
(refer to Expansion of the CPU Local Address Nlap

Example 17-2. This example demonstrates usage of the Direct Addressing Mode by a global instruction

LDAADR EQU $0000 :Initialize LDADDR with the value of $0000
MOVB #%$80,DIRECT ;Initialize DIRECT register with the value of $80
MOVB #$14,GPAGE ;Initialize GPAGE register with the value of $14
GLDAA <LDAADR ;Load Accu A from the global address $14_8000
MC9S12XDP512 Data Sheet, Rev. 2.21 |
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17.3.2.5 MMC Control Register (MMCCTL1)
Address: 0x0013 PRR
7 6 5 4 3 2 1 0
R 0
W EROMON ROMHM ROMON
Reset 0 0 0 0 0 EROMCTL 0 ROMCTL

|:|= Unimplemented or Reserved

Figure 17-10. MMC Control Register (MMCCTL1)

Read: Anytime. In emulation modes read operations will return the data from the external bus. In all other
modes the data are read from this register.

Write: Refer to each bit description. In emulation modes write operations will also be directed to the
external bus.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

Table 17-9. MMCCTL1 Field Descriptions

Field Description
2 Enables emulated Flash or ROM memory in the memory map
EROMON | Write: Never

0 Disables the emulated Flash or ROM in the memory map.
1 Enables the emulated Flash or ROM in the memory map.

1 FLASH or ROM only in higher Half of Memory Map
ROMHM | Write: Once in normal and emulation modes and anytime in special modes
0 The fixed page of Flash or ROM can be accessed in the lower half of the memory map. Accesses to
$4000-$7FFF will be mapped to $7F_4000-$7F_7FFF in the global memory space.
1 Disables access to the Flash or ROM in the lower half of the memory map.These physical locations of the
Flash or ROM can still be accessed through the program page window. Accesses to $4000-$7FFF will be
mapped to $14_4000-$14_7FFF in the global memory space (external access).

0 Enable FLASH or ROM in the memory map
ROMON | Write: Once in normal and emulation modes and anytime in special modes
0 Disables the Flash or ROM from the memory map.
1 Enables the Flash or ROM in the memory map.

EROMON and ROMON control the visibility of the Flash in the memory map for CPU or BDM (not for
XGATE). Both local and global memory maps are affected.
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Table 17-10. Data Sources when CPU or BDM is Accessing Flash Area

Chip Modes ROMON EROMON DATA SOURCE! Stretch?
Normal Single Chip X X Internal N
Special Single Chip

Emulation Single Chip X 0 Emulation Memory N
X 1 Internal Flash
Normal Expanded 0 X External Application Y
1 X Internal Flash N
Emulation Expanded 0 X External Application Y
1 0 Emulation Memory N
1 1 Internal Flash
Special Test 0 X External Application N
1 X Internal Flash

1 Internal means resources inside the MCU are read/written.

Internal Flash means Flash resources inside the MCU are read/written.
Emulation memory means resources inside the emulator are read/written (PRU registers, flash
replacement, RAM, EEPROM and register space are always considered internal).
External application means resources residing outside the MCU are read/written.

2 The external access stretch mechanism is part of the EBI module (refer to EBI Block Guide for details).

17.3.2.6

Address: 0x0016

7

RAM Page Index Register (RPAGE)

R
" RP7 RP6 RP5 RP4 RP3 RP2 RP1 RPO
Reset 1 1 1 1 1 1 0 1

Read: Anytime
Write: Anytime

The RAM page index register allows accessing up to (1M minus 2K) bytes of RAM in the global memory
map by using the eight page index bits to page 4 Kbyte blocks into the RAM page window located in the

Figure 17-11. RAM Page Index Register (RPAGE)

CPU local memory map from address $1000 to address $1FFF¢see 1-12.

CAUTION
XGATE write access to this register during an CPU access which makes use

of this register could lead to unexpected results.
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_r Global Address [22:0] - _

-~ =~ <
-~ ~
0 0 0 |Bitl9|Bitl8}---=--n---- Bitl2 |Bitll}- — — — - Bit0
\ / N\ /s
\ / N Ve
\ / N 7/
N ¥ N ¥
RPAGE Register [7:0] Address [11:0]

Address: CPU Local Address
or BDM Local Address

Figure 17-12. RPAGE Address Mapping

NOTE

Because RAM page 0 has the same global address as the register space, itis
possible to write to registers through the RAM space when RPAGE = $00.

Table 17-11. RPAGE Field Descriptions

Field Description

7-0 RAM Page Index Bits 7-0 — These page index bits are used to select which of the 256 RAM array pages is to
RP[7:0] be accessed in the RAM Page Window.

The reset value of $FD ensures that there is a linear RAM space available between addresses $1000 ar
$3FFF out of reset.

The bxed 4K page from $2000D$2FFF of RAM is equivalent to page 254 (page number $FE).
The bxed 4K page from $3000D$3FFF of RAM is equivalent to page 255 (page number $FF).
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17.3.2.7 EEPROM Page Index Register (EPAGE)

Address: 0x0017

7 6 5 4 3 2 1 0
R
W EP7 EP6 EPS5 EP4 EP3 EP2 EP1 EPO
Reset 1 1 1 1 1 1 1 0

Figure 17-13. EEPROM Page Index Register (EPAGE)

Read: Anytime
Write: Anytime

The EEPROM page index register allows accessing up to 256 Kbyte of EEPROM in the global memory
map by using the eight page index bits to page 1 Kbyte blocks into the EEPROM page window located in
the local CPU memory map from address $0800 to address $0BHAHJsee1-14.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

> Global Address [22:0] - _

-

0 0 1 0 0 |Bitl7 |Bitl6}f-===-=n-u-- BitlO| Bit9 | — — — — - Bit0
\ / N\ e
\ / N v
\ / N v
N\ ¥ N\ K
EPAGE Register [7:0] Address [9:0]

Address: CPU Local Address
or BDM Local Address

Figure 17-14. EPAGE Address Mapping

Table 17-12. EPAGE Field Descriptions

Field Description

7-0 EEPROM Page Index Bits 7-0 — These page index bits are used to select which of the 256 EEPROM array
EP[7:0] pages is to be accessed in the EEPROM Page Window.

The reset value of $FE ensures that there is a linear EEPROM space available between addresses $08(
and $0FFF out of reset.

The bxed 1K page $0C00D$0FFF of EEPROM is equivalent to page 255 (page number $FF).
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17.3.2.8 Program Page Index Register (PPAGE)

Address: 0x0030

7 6 5 4 3 2 1 0
R
W PIX7 PIX6 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
Reset 1 1 1 1 1 1 1 0

Figure 17-15. Program Page Index Register (PPAGE)

Read: Anytime
Write: Anytime

The program page index register allows accessing up to 4 Mbyte of FLASH or ROM in the global memory
map by using the eight page index bits to page 16 Kbyte blocks into the program page window located in
the CPU local memory map from address $8000 to address $BFHRHJse®1-1§. The CPU has a

special access to read and write this register during execution of CALL and RTC instructions.

CAUTION

XGATE write access to this register during an CPU access which makes use
of this register could lead to unexpected results.

> Global Address [22:0] - _

—

1 [Bit2lp-----mmmmmmmmmm o Bitld |Bitl3 |- - == -=----emmmanaa Bit0

PPAGE Register [7:0] Address [13:0]

Address: CPU Local Address
or BDM Local Address

Figure 17-16. PPAGE Address Mapping

NOTE

Writes to this register using the special access of the CALL and RTC
instructions will be complete before the end of the instruction execution.
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Table 17-13. PPAGE Field Descriptions

Field Description

7-0 Program Page Index Bits 7-0 — These page index bits are used to select which of the 256 FLASH or ROM
PIX[7:0] array pages is to be accessed in the Program Page Window.

The bxed 16K page from $4000D$7FFF (when ROMHM = 0) is the page number $FD.

The reset value of $FE ensures that there is linear Flash space available between addresses $4000 anc
$FFFF out of reset.

The bxed 16K page from $C000-$FFFF is the page number $FF.

17.3.2.9 RAM Write Protection Control Register (RAMWPC)

Address: 0x011C

7 6 5 4 3 2 1 0
0 0 0 0 0
RWPE AVIE AVIF
W
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 17-17. RAM Write Protection Control Register (RAMWPC)
Read: Anytime
Write: Anytime
Table 17-14. RAMWPC Field Descriptions

Field Description
7 RAM Write Protection Enable — This bit enables the RAM write protection mechanism. When the RWPE bit
RWPE is cleared, there is no write protection and any memory location is writable by the CPU module and the XGATE

module. When the RWPE bit is set the write protection mechanism is enabled and write access of the CPU or
to the XGATE RAM region. Write access performed by the XGATE module to outside of the XGATE RAM region
or the shared region is suppressed as well in this case.

0 RAM write protection check is disabled, region boundary registers can be written.

1 RAM write protection check is enabled, region boundary registers cannot be written.

1 CPU Access Violation Interrupt Enable — This bit enables the Access Violation Interrupt. If AVIE is set and
AVIE AVIF is set, an interrupt is generated.
0 CPU Access Violation Interrupt Disabled.
1 CPU Access Violation Interrupt Enabled.

0 CPU Access Violation Interrupt Flag — When set, this bit indicates that the CPU has tried to write a memory
AVIF location inside the XGATE RAM region. This flag can be reset by writing’l’ to the AVIF bit location.
0 No access violation by the CPU was detected.
1 Access violation by the CPU was detected.
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17.3.2.10 RAM XGATE Upper Boundary Register (RAMXGU)

Address: 0x011D

7 6 5 4 3 2 1 0
R 1
W XGUG6 XGU5 XGU4 XGU3 XGU2 XGU1 XGUO
Reset 1 1 1 1 1 1 1 1

|:|= Unimplemented or Reserved

Figure 17-18. RAM XGATE Upper Boundary Register (RAMXGU)

Read: Anytime
Write: Anytime when RWPE = 0

Table 17-15. RAMXGU Field Descriptions

Field Description
6-0 XGATE Region Upper Boundary Bits 6-0 — These bits define the upper boundary of the RAM region allocated
XGU[6:0] |to the XGATE module in multiples of 256 bytes. The 256 byte block selected by this register is included in the

region. See Figure 1-25 for details.

17.3.2.11 RAM Shared Region Lower Boundary Register (RAMSHL)

Address: 0x011E

7 6 5 4 3 2 1 0
R 1
W SHL6 SHL5 SHL4 SHL3 SHL2 SHL1 SHLO
Reset 1 1 1 1 1 1 1 1

|:|: Unimplemented or Reserved

Figure 17-19. RAM Shared Region Lower Boundary Register (RAMSHL)

Read: Anytime
Write: Anytime when RWPE =0

Table 17-16. RAMSHL Field Descriptions

Field Description
6-0 RAM Shared Region Lower Boundary Bits 6—0 — These bits define the lower boundary of the shared memory
SHL[6:0] |region in multiples of 256 bytes. The block selected by this register is included in the region. See Figure 1-25 for
details.
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17.3.2.12 RAM Shared Region Upper Boundary Register (RAMSHU)

Address: 0x011F

7 6 5 4 3 2 1 0
R 1
W SHUG SHUS SHU4 SHU3 SHU2 SHU1 SHUO
Reset 1 1 1 1 1 1 1 1

|:|= Unimplemented or Reserved

Figure 17-20. RAM Shared Region Upper Boundary Register (RAMSHU)

Read: Anytime
Write: Anytime when RWPE = 0

Table 17-17. RAMSHU Field Descriptions

Field Description

6-0 RAM Shared Region Upper Boundary Bits 6—0 — These bits define the upper boundary of the shared
SHU[6:0] |memory in multiples of 256 bytes. The block selected by this register is included in the region. See Figure 1-25

for details.

17.4 Functional Description

The MMC block performs several basic functions of the S12X sub-system operation: MCU operation
modes, priority control, address mapping, select signal generation and access limitations for the system
Each aspect is described in the following subsections.

17.4.1 MCU Operating Mode

¥ Normal single-chip mode

There is no external bus in this mode. The MCU program is executed from the internal memory
and no external accesses are allowed.

Special single-chip mode
This mode is generally used for debugging single-chip operation, 