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Chapter 1 Introduction

Table 1-2. MC9S08ACG60 Series Peripherals Available per Package Type

MC9S08AC60/48/32
Feature 64-pin 48-pin 44-pin 32-pin
SCI2 yes no
SPI1 yes
TPMA1 6-ch 4-ch 2-ch
TPM1CLK yes no
TPM2 2-ch
TPM2CLK' yes | no
TPM3 2-ch
TPMCLK ! yes
I/0 pins 54 | 38 34 22

T TPMCLK, TPM1CLK, and TPM2CLK options are configured via software using the TPMCCFG bit; out of
reset, TPM1CLK, TPM2CLK, and TPMCLK are available to TPM1, TPM2, and TPMS3 respectively.
Reference the TPM chapter for a functional description of the TPMxCLK signal.

1.2 MCU Block Diagrams
The block diagram shows the structure of the MC9S08AC60 Series MCU.
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Chapter 3 Modes of Operation

Table 3-1 summarizes the behavior of the MCU in each of the stop modes.
Table 3-1. Stop Mode Behavior

CPU, Digital
Mode PPDC | Peripherals, RAM ICG ADC Regulator 1/0 Pins RTI
FLASH
Stop2 1 Off Standby Off Disabled Standby | States held | Optionally on
Stop3 0 Standby Standby off! Optionally on Standby | States held | Optionally on

1 Crystal oscillator can be configured to run in stop3. Please see the ICG registers.

3.6.1 Stop2 Mode

The stop2 mode provides very low standby power consumption and maintains the contents of RAM and
the current state of all of the I/O pins. To enter stop2, the user must execute a STOP instruction with stop2
selected (PPDC = 1) and stop mode enabled (STOPE = 1). In addition, the LVD must not be enabled to
operate in stop (LVDSE = LVDE = 1). If the LVD is enabled in stop, then the MCU enters stop3 upon the
execution of the STOP instruction regardless of the state of PPDC.

Before entering stop2 mode, the user must save the contents of the I/O port registers, as well as any other
memory-mapped registers which they want to restore after exit of stop2, to locations in RAM. Upon exit
of stop2, these values can be restored by user software before pin latches are opened.

When the MCU is in stop2 mode, all internal circuits that are powered from the voltage regulator are turned
off, except for the RAM. The voltage regulator is in a low-power standby state, as is the ADC. Upon entry
into stop2, the states of the I/O pins are latched. The states are held while in stop2 mode and after exiting
stop2 mode until a logic 1 is written to PPDACK in SPMSC2.

Exit from stop2 is done by asserting either of the wake-up pins: RESET or IRQ, or by an RTT interrupt.
IRQ is always an active low input when the MCU is in stop2, regardless of how it was configured before
entering stop2.

Upon wake-up from stop2 mode, the MCU will start up as from a power-on reset (POR) except pin states
remain latched. The CPU will take the reset vector. The system and all peripherals will be in their default
reset states and must be initialized.

After waking up from stop2, the PPDF bit in SPMSC2 is set. This flag may be used to direct user code to

go to a stop2 recovery routine. PPDF remains set and the I/O pin states remain latched until a logic 1 is
written to PPDACK in SPMSC2.

To maintain I/O state for pins that were configured as general-purpose I/O, the user must restore the
contents of the I/O port registers, which have been saved in RAM, to the port registers before writing to
the PPDACK bit. If the port registers are not restored from RAM before writing to PPDACK, then the
register bits will assume their reset states when the I/O pin latches are opened and the 1/O pins will switch
to their reset states.

For pins that were configured as peripheral 1/O, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
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Chapter 4 Memory

Table 4-4. Nonvolatile Register Summary

Address Register Name Bit7 6 5 4 3 2 1 Bit 0
$FFBO- NVBACKKEY .
$FFB7 8-Byte Comparison Key
$FFB8-  Reserved _ . B _ _ _ _ _
$FFBB

$FFBC Reserved for stor-
age of 250 kHz — — — — = — — _
ICGTRM value
$FFBD  NVPROT FPS7 FPS6 FPS5 FPS4 FPS3 FPS2 FPST FPDIS
$FFBE Reserved for stor-
age of 243 kHz — — — — — _ _ _
ICGTRM value

$FFBF NVOPT KEYEN | FNORED 0 0 0 0 SECO1 SECO00

Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. This key mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEYEN bit to 0. If the security key is disabled, the
only way to disengage security is by mass erasing the FLASH if needed (normally through the background
debug interface) and verifying that FLASH is blank. To avoid returning to secure mode after the next reset,
program the security bits (SEC01:SECO00) to the unsecured state (1:0).

4.3 RAM

The MC9S08AC60 Series includes static RAM. The locations in RAM below 0x0100 can be accessed
using the more efficient direct addressing mode, and any single bit in this area can be accessed with the bit
manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently accessed
program variables in this area of RAM is preferred.

The RAM retains data when the MCU is in low-power wait, stop2, or stop3 mode. At power-on, the
contents of RAM are uninitialized. RAM data is unaffected by any reset provided that the supply voltage
does not drop below the minimum value for RAM retention.

For compatibility with older M68HCO05 MCUs, the HCS08 resets the stack pointer to 0xOOFF. In the
MCO9S08AC60 Series, it is usually best to re-initialize the stack pointer to the top of the RAM so the direct
page RAM can be used for frequently accessed RAM variables and bit-addressable program variables.
Include the following 2-instruction sequence in your reset initialization routine (where RamLast is equated
to the highest address of the RAM in the Freescale-provided equate file).

LDHX #RamLast+1 ;point one past RAM
TXS ;SP<- (H:X-1)

MC9S08AC60 Series Data Sheet, Rev. 3
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Chapter 5 Resets, Interrupts, and System Configuration
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Table 7-2. . Instruction Set Summary (Sheet 6 of 9)

2 o » Affect
. [ . 9 -by-
Sg:r';;e Operation 50 | Object Code S Cygel:tvzigyc on CCR
3= & Vi1H[INZC
MOV opr8a,opr8a Move DIR/DIR 4E dd dd| 5 |rpwpp
MOV opr8a,X+ (M) gestination < (M)source DIR/IX+ S5E dd 5 |rfwpp 011-|-11-
MOV #opr8i,opr8a |In IX+/DIR and DIR/IX+ Modes, IMM/DIR 6E ii dd| 4 |pwpp
MOV ,X+,0pr8a H:X « (H:X) + $0001 IX+/DIR 7E dd 5 |rfwpp
Unsigned multiply _ L
MUL X:A < (X) x (A) INH 42 5 |ffffp 110 0
NEG opr8a Negate M « — (M) = $00 — (M) | DIR 30 dd 5 |rfwpp
NEGA (Two’s Complement) A « — (A) = $00 — (A) |INH 40 1 |p
NEGX X« —(X) =$00 - (X) |INH 50 1 |p 111 | -111
NEG oprx8,X M « — (M) = $00 — (M) | IX1 60 £f 5 |rfwpp
NEG ,X M < — (M) = $00 — (M) | IX 70 4 |rfwp
NEG oprx8,SP M < — (M) = $00 — (M) | SP1 9E 60 ff 6 |prfwpp
NOP No Operation — Uses 1 Bus Cycle INH 9D 1 |p -11 —-f—-=---
Nibble Swap Accumulator
NSA A < (A[3:0]-A[7:4]) INH 62 1 |p 11 —|-=-=--
ORA #opr8i IMM AA ii 2 |pp
ORA opr8a DIR BA dd 3 |rpp
ORA opri6a EXT CA hh 11 4 |prpp
ORA oprx16,X Inclusive OR Accumulator and Memory IX2 DA ee ff 4 |prpp 011-| 11—
ORA o0prx8,X A« (A) I (M) IX1 EA ff 3 |rpp
ORA X 1X FA 3 |rfp
ORA o0prx16,SP SP2 9E DA ee ff 5 |pprpp
ORA oprx8,SP SP1 9E EA ff 4 |prpp
Push Accumulator onto Stack
PSHA Push (A); SP < (SP) — $0001 INH 87 2 |sp nL e
Push H (Index Register High) onto Stack _ N
PSHH Push (H); SP < (SP) — $0001 INH 8B 2 |sp B
Push X (Index Register Low) onto Stack _ N
PSHX Push (X): SP < (SP) — $0001 INH 89 2 |sp 1
Pull Accumulator from Stack
PULA SP < (SP + $0001); Pull (A) INH 86 8 |ufp L
Pull H (Index Register High) from Stack _ N
PULH SP < (SP +$0001); Pull (H) INH oA i '
Pull X (Index Register Low) from Stack _ N
PULX SP < (SP + $0001); Pull (X) INH 88 3 |ufp 1
ROL opréa Rotate Left through Carry DIR 39 dd 5 |rfwpp
ROLA INH 49 1 |p
ROLX INH 59 1 |p |
ROL oprx8,X R RRRRRRETY IX1 69 f£f 5 |rfwpp th tH
ROL ,X b7 b0 IX 79 4 |rfwp
ROL oprx8,SP SP1 9E 69 ff 6 |prfwpp
ROR opr8a Rotate Right through Carry DIR 36 dd 5 |rfwpp
RORA INH 46 1 |p
RORX INH 56 1 |p
ROR oprx8,X LTI wlcH IX1 66 £f 5 |rfwpp A A
ROR X b7 b0 IX 76 4 |rfwp
ROR o0prx8,SP SP1 9E 66 ff 6 |prfwpp
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Chapter 9 Analog-to-Digital Converter (SO8ADC10V1)

' For more information, see Section 9.2.3, “Temperature Sensor.”

2 Selecting the internal bandgap channel requires BGBE =1 in SPMSC1 see Section 5.9.8, “System Power Management
Status and Control 1 Register (SPMSC1).” For value of bandgap voltage reference see Section A.6, “DC Characteristics.”

9.2.1 Alternate Clock

The ADC module is capable of performing conversions using the MCU bus clock, the bus clock divided
by two, the local asynchronous clock (ADACK) within the module, or the alternate clock, ALTCLK. The
alternate clock for the MC9S08AC60 Series MCU devices is the external reference clock (ICGERCLK)
from the internal clock generator (ICG) module.

Because ICGERCLK is active only while an external clock source is enabled, the ICG must be configured
for either FBE or FEE mode (CLKS1 = 1). ICGERCLK must run at a frequency such that the ADC
conversion clock (ADCK) runs at a frequency within its specified range (fo pck) after being divided down
from the ALTCLK input as determined by the ADIV bits. For example, if the ADIV bits are set up to divide
by four, then the minimum frequency for ALTCLK (ICGERCLK) is four times the minimum value for
faopck and the maximum frequency is four times the maximum value for f5 bk . Because of the minimum
frequency requirement, when an oscillator circuit is used it must be configured for high range operation
(RANGE =1).

ALTCLK is active while the MCU is in wait mode provided the conditions described above are met. This
allows ALTCLK to be used as the conversion clock source for the ADC while the MCU is in wait mode.

ALTCLK cannot be used as the ADC conversion clock source while the MCU is in stop3.

9.2.2 Hardware Trigger

The ADC hardware trigger, ADHWT, is output from the real time interrupt (RTI) counter. The RTI counter
can be clocked by either ICGERCLK or a nominal 1 kHz clock source within the RTI block. The 1-kHz
clock source can be used with the MCU in run, wait, or stop3. With the ICG configured for either FBE or
FEE mode, ICGERCLK can be used with the MCU in run or wait.

The period of the RTI is determined by the input clock frequency and the RTIS bits. When the ADC
hardware trigger is enabled, a conversion is initiated upon an RTI counter overflow. The RTI counter is a
free running counter that generates an overflow at the RTI rate determined by the RTIS bits.

NOTE

An ADC trigger is generated on the first RTT overflow and every two RTI
counter overflows following. This is due to the fact that the RTI counter
expires and the ADC trigger is generated on RTI output rising edge.

9.2.2.1 Analog Pin Enables
The ADC on MC9S08AC60 Series contains only two analog pin enable registers, APCTL1 and APCTL2.

9.2.2.2 Low-Power Mode Operation
The ADC is capable of running in stop3 mode but requires LVDSE and LVDE in SPMSCI to be set.
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Internal Clock Generator (S08ICGV4)

10.3.4 ICG Status Register 2 (ICGS2)
5 4 1 0
R 0 0 0 0 0 0 0 DCOS
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 10-9. ICG Status Register 2 (ICGS2)
Table 10-4. ICGS2 Register Field Descriptions
Field Description
0 DCO Clock Stable — The DCOS bit is set when the DCO clock (ICG2DCLK) is stable, meaning the count error
DCOS has not changed by more than n ok for two consecutive samples and the DCO clock is not static. This bit is
used when exiting off state if CLKS = X1 to determine when to switch to the requested clock mode. It is also used
in self-clocked mode to determine when to start monitoring the DCO clock. This bit is cleared upon entering the
off state.
0 DCO clock is unstable.
1 DCO clock is stable.
10.3.5 ICG Filter Registers (ICGFLTU, ICGFLTL)
3 2 1 0
R 0 0 0 0
FLT
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 10-10. ICG Upper Filter Register (ICGFLTU)
Table 10-5. ICGFLTU Register Field Descriptions
Field Description
3.0 Filter Value — The FLT bits indicate the current filter value, which controls the DCO frequency. The FLT bits are
FLT read only except when the CLKS bits are programmed to self-clocked mode (CLKS = 00). In self-clocked mode,
any write to ICGFLTU updates the current 12-bit filter value. Writes to the ICGFLTU register will not affect FLT if
a previous latch sequence is not complete.
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Internal Clock Generator (S08ICGV4)

10.4.1 Off Mode (Off)

Normally when the CPU enters stop mode, the ICG will cease all clock activity and is in the off state.
However there are two cases to consider when clock activity continues while the CPU is in stop mode,

10.4.1.1 BDM Active

When the BDM is enabled, the ICG continues activity as originally programmed. This allows access to
memory and control registers via the BDC controller.

10.4.1.2 OSCSTEN Bit Set

When the oscillator is enabled in stop mode (OSCSTEN = 1), the individual clock generators are enabled
but the clock feed to the rest of the MCU is turned off. This option is provided to avoid long oscillator
startup times if necessary, or to run the RTI from the oscillator during stop3.

10.4.1.3 Stop/Off Mode Recovery

Upon the CPU exiting stop mode due to an interrupt, the previously set control bits are valid and the system
clock feed resumes. If FEE is selected, the ICG will source the internal reference until the external clock
is stable. If FBE is selected, the ICG will wait for the external clock to stabilize before enabling ICGOUT.

Upon the CPU exiting stop mode due to a reset, the previously set ICG control bits are ignored and the
default reset values applied. Therefore the ICG will exit stop in SCM mode configured for an
approximately 8 MHz DCO output (4 MHz bus clock) with trim value maintained. If using a crystal, 4096
clocks are detected prior to engaging ICGERCLK. This is incorporated in crystal start-up time.

10.4.2 Self-Clocked Mode (SCM)

Self-clocked mode (SCM) is the default mode of operation and is entered when any of the following
conditions occur:

» After any reset.

» Exiting from off mode when CLKS does not equal 10. If CLKS = X1, the ICG enters this state
temporarily until the DCO is stable (DCOS = 1).

» CLKS bits are written from X1 to 00.
* CLKS = 1X and ICGERCLK is not detected (both ERCS =0 and LOCS = 1).

In this state, the FLL loop is open. The DCO is on, and the output clock signal ICGOUT frequency is given
by ficgperLk / R- The ICGDCLK frequency can be varied from 8 MHz to 40 MHz by writing a new value
into the filter registers (ICGFLTH and ICGFLTL). This is the only mode in which the filter registers can
be written.

If this mode is entered due to a reset, fjcgpcrk Will default to fgeif reser Which is nominally 8 MHz. If this
mode is entered from FLL engaged internal, fijcgpcrx Will maintain the previous frequency.If this mode
is entered from FLL engaged external (either by programming CLKS or due to a loss of external reference
clock), ficgpcerk Will maintain the previous frequency, but ICGOUT will double if the FLL was unlocked.
If this mode is entered from off mode, fijcgpcrk Will be equal to the frequency of ICGDCLK before

MC9S08AC60 Series Data Sheet, Rev. 3

Freescale Semiconductor 177



Internal Clock Generator (S08ICGV4)

10.4.7.1 FLL Engaged External Unlocked

FEE unlocked is entered when FEE is entered and the count error (An) output from the subtractor is greater
than the maximum n,;; ;. or less than the minimum n,;;,., as required by the lock detector to detect the
unlock condition.

The ICG will remain in this state while the count error (An) is greater than the maximum ny, or less than
the minimum ny,, as required by the lock detector to detect the lock condition.

In this state, the pulse counter, subtractor, digital loop filter, and DCO form a closed loop and attempt to
lock it according to their operational descriptions later in this section. Upon entering this state and until
the FLL becomes locked, the output clock signal ICGOUT frequency is given by fjcgpcrk / (2xR) This
extra divide by two prevents frequency overshoots during the initial locking process from exceeding
chip-level maximum frequency specifications. After the FLL has locked, if an unexpected loss of lock
causes it to re-enter the unlocked state while the ICG remains in FEE mode, the output clock signal
ICGOUT frequency is given by ficgperk / R-

10.4.7.2 FLL Engaged External Locked

FEE locked is entered from FEE unlocked when the count error (An) is less than n;,. (max) and greater
than n;, (min) for a given number of samples, as required by the lock detector to detect the lock
condition. The output clock signal ICGOUT frequency is given by fjcgpcrx/R. In FLL engaged external
locked, the filter value is updated only once every four comparison cycles. The update made is an average
of the error measurements taken in the four previous comparisons.

10.4.8 FLL Lock and Loss-of-Lock Detection

To determine the FLL locked and loss-of-lock conditions, the pulse counter counts the pulses of the DCO
for one comparison cycle (see Table 10-9 for explanation of a comparison cycle) and passes this number
to the subtractor. The subtractor compares this value to the value in MFD and produces a count error, An.
To achieve locked status, An must be between ny, (min) and n, (max). After the FLL has locked, An
must stay between n,ocx (min) and ny,;c (Max) to remain locked. If An goes outside this range
unexpectedly, the LOLS status bit is set and remains set until cleared by software or until the MCU is reset.
LOLS is cleared by reading ICGS1 then writing 1 to ICGIF (LOLRE = 0), or by a loss-of-lock induced
reset (LOLRE = 1), or by any MCU reset.

If the ICG enters the off state due to stop mode when ENBDM = OSCSTEN = 0, the FLL loses locked
status (LOCK is cleared), but LOLS remains unchanged because this is not an unexpected loss-of-lock
condition. Though it would be unusual, if ENBDM is cleared to 0 while the MCU is in stop, the ICG enters
the off state. Because this is an unexpected stopping of clocks, LOLS will be set when the MCU wakes up
from stop.

Expected loss of lock occurs when the MFD or CLKS bits are changed or in FEI mode only, when the
TRIM bits are changed. In these cases, the LOCK bit will be cleared until the FLL regains lock, but the
LOLS will not be set.

MC9S08AC60 Series Data Sheet, Rev. 3
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Inter-Integrated Circuit (S081ICV2)

11.4.1.2 Slave Address Transmission

The first byte of data transferred 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 responds by sending
back an acknowledge bit. This is done by pulling the SDA low at the ninth clock (see Figure 11-9).

No two slaves in the system may have the same address. If the IIC module is the master, it must not
transmit an address equal to its own slave address. The IIC cannot be master and slave at the same time.
However, if arbitration is lost during an address cycle, the IIC reverts to slave mode and operates correctly
even if it is being addressed by another master.

11.4.1.3 Data Transfer

Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a direction
specified 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-address
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 in Figure 11-9. There is one clock pulse on SCL for each data bit, the msb being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledge is signalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the ninth bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte transmission, the slave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

* Relinquishes the bus by generating a stop signal.
* Commences a new calling by generating a repeated start signal.

11.4.1.4 Stop Signal

The master can terminate the communication by generating a stop signal to free the bus. However, the
master may generate a start signal followed by a calling command without generating a stop signal first.
This is called repeated start. A stop signal is defined as a low-to-high transition of SDA while SCL at
logical 1 (see Figure 11-9).

The master can generate a stop even if the slave has generated an acknowledge at which point the slave
must release the bus.

MC9S08AC60 Series Data Sheet, Rev. 3
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Chapter 12
Keyboard Interrupt (S08KBIV1)

12.1 Introduction

The MC9S08AC60 Series has one KBI module with upto eight keyboard interrupt inputs available
depending on package.

12.1.1 Features

The keyboard interrupt (KBI) module features include:
» Four falling edge/low level sensitive
» Four falling edge/low level or rising edge/high level sensitive
* Choice of edge-only or edge-and-level sensitivity
* Common interrupt flag and interrupt enable control
» Capable of waking up the MCU from stop3 or wait mode

MC9S08AC60 Series Data Sheet, Rev. 3
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Keyboard Interrupt (S08KBIV1)

12.3.3 KBI Interrupt Controls

The KBF status flag becomes set (1) when an edge event has been detected on any KBI input pin. If
KBIE = 1 in the KBISC register, a hardware interrupt will be requested whenever KBF = 1. The KBF flag
is cleared by writing a 1 to the keyboard acknowledge (KBACK) bit.

When KBIMOD = 0 (selecting edge-only operation), KBF is always cleared by writing 1 to KBACK.
When KBIMOD = 1 (selecting edge-and-level operation), KBF cannot be cleared as long as any keyboard
input is at its asserted level.

MC9S08AC60 Series Data Sheet, Rev. 3
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Serial Communications Interface (S08SCIV4)

message characters. At the end of a message, or at the beginning of the next message, all receivers
automatically force RWU to 0 so all receivers wake up in time to look at the first character(s) of the next
message.

13.3.3.2.1 Idle-Line Wakeup

When WAKE = 0, the receiver is configured for idle-line wakeup. In this mode, RWU is cleared
automatically when the receiver detects a full character time of the idle-line level. The M control bit selects
8-bit or 9-bit data mode that determines how many bit times of idle are needed to constitute a full character
time (10 or 11 bit times because of the start and stop bits).

When RWU is one and RWUID is zero, the idle condition that wakes up the receiver does not set the IDLE
flag. The receiver wakes up and waits for the first data character of the next message which will set the
RDREF flag and generate an interrupt if enabled. When RWUID is one, any idle condition sets the IDLE
flag and generates an interrupt if enabled, regardless of whether RWU is zero or one.

The idle-line type (ILT) control bit selects one of two ways to detect an idle line. When ILT = 0, the idle
bit counter starts after the start bit so the stop bit and any logic 1s at the end of a character count toward
the full character time of idle. When ILT = 1, the idle bit counter does not start until after a stop bit time,
so the idle detection is not affected by the data in the last character of the previous message.

13.3.3.2.2 Address-Mark Wakeup

When WAKE = 1, the receiver is configured for address-mark wakeup. In this mode, RWU is cleared
automatically when the receiver detects a logic 1 in the most significant bit of a received character (eighth
bit in M = 0 mode and ninth bit in M = 1 mode).

Address-mark wakeup allows messages to contain idle characters but requires that the MSB be reserved
for use in address frames. The logic 1 MSB of an address frame clears the RWU bit before the stop bit is
received and sets the RDRF flag. In this case the character with the MSB set is received even though the
receiver was sleeping during most of this character time.

13.3.4 Interrupts and Status Flags

The SCI system has three separate interrupt vectors to reduce the amount of software needed to isolate the
cause of the interrupt. One interrupt vector is associated with the transmitter for TDRE and TC events.
Another interrupt vector is associated with the receiver for RDRF, IDLE, RXEDGIF and LBKDIF events,
and a third vector is used for OR, NF, FE, and PF error conditions. Each of these ten interrupt sources can
be separately masked by local interrupt enable masks. The flags can still be polled by software when the
local masks are cleared to disable generation of hardware interrupt requests.

The SCI transmitter has two status flags that optionally can generate hardware interrupt requests. Transmit
data register empty (TDRE) indicates when there is room in the transmit data buffer to write another
transmit character to SCIxD. If the transmit interrupt enable (TIE) bit is set, a hardware interrupt will be
requested whenever TDRE = 1. Transmit complete (TC) indicates that the transmitter is finished
transmitting all data, preamble, and break characters and is idle with TxD at the inactive level. This flag is
often used in systems with modems to determine when it is safe to turn off the modem. If the transmit
complete interrupt enable (TCIE) bit is set, a hardware interrupt will be requested whenever TC = 1.

MC9S08AC60 Series Data Sheet, Rev. 3
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Timer/PWM Module (S08TPMV3)

Table 15-8. Mode, Edge, and Level Selection (continued)

CPWMS MSnB:MSnA | ELSnB:ELSnA Mode Configuration
X XX 00 Pin is not controlled by TPM. It is reverted to general
purpose I/O or other peripheral control
1 XX 10 Center-aligned High-true pulses (clear output on
PWM channel match when TPM counter

is counting up)

X1 Low-true pulses (set output on
channel match when TPM counter
is counting up)

15.5.5 TPM Channel Value Registers (TPMxCnVH:TPMxCnVL)

These read/write registers contain the captured TPM counter value of the input capture function or the
output compare value for the output compare or PWM functions. The channel registers are cleared by
reset.

7 6 5 4 3 2 1 0
R
Bit 15 14 13 12 11 10 9 Bit 8
w
Reset 0 0 0 0 0 0 0 0
Figure 15-13. TPM Channel Value Register High (TPMxCnVH)
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 15-14. TPM Channel Value Register Low (TPMxCnVL)

In input capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latches the contents of both bytes
into a buffer where they remain latched until the other half is read. This latching mechanism also resets
(becomes unlatched) when the TPMxCnSC register is written (whether BDM mode is active or not). Any
write to the channel registers will be ignored during the input capture mode.

When BDM is active, the coherency mechanism is frozen (unless reset by writing to TPMxCnSC register)
such that the buffer latches remain in the state they were in when the BDM became active, even if one or
both halves of the channel register are read while BDM is active. This assures that if the user was in the
middle of reading a 16-bit register when BDM became active, it will read the appropriate value from the
other half of the 16-bit value after returning to normal execution. The value read from the TPMxCnVH
and TPMxCnVL registers in BDM mode is the value of these registers and not the value of their read
buffer.

In output compare or PWM modes, writing to either byte (TPMxCnVH or TPMxCnVL) latches the value
into a buffer. After both bytes are written, they are transferred as a coherent 16-bit value into the
timer-channel registers according to the value of CLKSB:CLKSA bits and the selected mode, so:

MC9S08AC60 Series Data Sheet, Rev. 3
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Timer/PWM Module (SO8TPMV3)
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Appendix A Electrical Characteristics and Timing Specifications

A4 Thermal Characteristics

This section provides information about operating temperature range, power dissipation, and package

thermal resistance. Power dissipation on I/O pins is usually small compared to the power dissipation in
on-chip logic and it is user-determined rather than being controlled by the MCU design. In order to take
Py/o into account in power calculations, determine the difference between actual pin voltage and Vgg or
Vpp and multiply by the pin current for each I/O pin. Except in cases of unusually high pin current (heavy
loads), the difference between pin voltage and Vgg or Vppp will be very small.

Table A-3. Thermal Characteristics

Rating Symbol Value Unit
Operating temperature range (packaged) T T Lto Ty c
A —40t0 125
Thermal resistance 1234
64-pin QFP
1s 57
2s2p 43
64-pin LQFP
1s 69
2s2p 54
48-pin QFN
1s 84
2s2p CETN 27 °C/W
44-pin LQFP
1s 73
2s2p 56
32-pin LQFP
1s 85
2s2p 56

of other components on the board, and board thermal resistance.

Junction to Ambient Natural Convection
1s - Single Layer Board, one signal layer
4 2s2p - Four Layer Board, 2 signal and 2 power layers

MC9S08AC60 Series Data Sheet, Rev. 3

Junction temperature is a function of die size, on-chip power dissipation, package thermal
resistance, mounting site (board) temperature, ambient temperature, air flow, power dissipation
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A.12 FLASH Specifications

This section provides details about program/erase times and program-erase endurance for the FLASH

memory.

Appendix A Electrical Characteristics and Timing Specifications

Program and erase operations do not require any special power sources other than the normal Vpp, supply.

For more detailed information about program/erase operations, see Chapter 4, “Memory.”

Table A-15. FLASH Characteristics

Num | C Characteristic Symbol Min Typ' Max Unit
1 P | Supply voltage for program/erase Vproglerase 2.7 5.5 \Y
2 P | Supply voltage for read operation VRead 2.7 5.5 \Y
3 P | Internal FCLK frequency? froLk 150 200 kHz
4 P | Internal FCLK period (1/FCLK) treyc 5 6.67 us
5 P | Byte program time (random Iocation)(z) torog 9 treye
6 C Byte program time (burst mode)@ tBurst 4 treye
7 P | Page erase time® tpage 4000 teoye
8 P | Mass erase time®® tMass 20,000 treye

Program/erase endurance®
9 c T, to Ty =—-40°C to + 125°C 10,000 — — cyces
T2 250G — 100,000 | —

10 C | Data retention® tD_ret 15 100 — years

supplied for calculating approximate time to program and erase.

Endurance for Nonvolatile Memory.

MC9S08AC60 Series Data Sheet, Rev. 3

Typical values are based on characterization data at Vpp = 5.0 V, 25°C unless otherwise stated.
The frequency of this clock is controlled by a software setting.
3 These values are hardware state machine controlled. User code does not need to count cycles. This information

Typical endurance for FLASH was evaluated for this product family on the 9512Dx64. For additional information
on how Freescale Semiconductor defines typical endurance, please refer to Engineering Bulletin EB619/D, Typical

Typical data retention values are based on intrinsic capability of the technology measured at high temperature and
de-rated to 25°C using the Arrhenius equation. For additional information on how Freescale Semiconductor defines
typical data retention, please refer to Engineering Bulletin EB618/D, Typical Data Retention for Nonvolatile Memory.
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