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Chapter 2 Pins and Connections

Table 2-1. Pin Availability by Package Pin-Count

Priority
Pin Number = Lowest Highest=
24-pin| 20-pin| 16-pin| 8-pin | Port Pin Alt 1 Alt 2 Alt 3 Alt 4 Alt5

1 3 3 3 Vpp
2 J— J— J—
3 4 4 4 Vss
4 5 5 — |PTB7 scLt EXTAL
5 6 6 — | PTB6 SDA? XTAL
6 7 7 — |PTB5 TPM1CH1? |SS PTCO®
7 8 8 — |PTB4 TPM2CH1 | MISO PTCO3
8 9 — — |PTC3 PTCO3 ADP11
9 10 — — |PTC2 PTCO® ADP10
10 11 — — |PTC1 TPM1CH1? | PTCO® ADP9
11 12 — — |PTCO TPM1CHO0? | PTCO® ADP8
12 13 9 — |PTB3 PIB3 MOSI PTCO® ADP7
13 14 10 — |PTB2 PIB2 SPSCK PTCO3 ADP6
14 15 11 — |PTBL PIB1 XD ADP5
15 16 12 — | PTBO PIBO RxD ADP4
16 17 13 5 |PTA3 PIA3 scLt ADP3
17 18 14 6 |PTA2 PIA2 SDA? ADP2
18 19 15 7 | PTAL PIAL TPM2CHO ADP1*4 ACMP-*
19 20 16 8 | PTAO PIAO TPM1CHO0? ADPO* ACMP+*
20 — — —
21 — — —
22 — — —
23 1 1 1 | PTAB® IRQ TCLK RESET
24 2 2 2 | PTA4 ACMPO BKGD MS

IIC pins can be repositioned using IICPS in SOPT2, default reset locations are on PTA2 and PTAS.

TPM1CHXx pins can be repositioned using TPM1PS in SOPT2, default reset locations are on PTAO and PTB5.
This port pin is part of the ganged output feature. When pin is enabled for ganged output, it will have priority over
all digital modules. The output data, drive strength and slew-rate control of this port pin will follow the configuration
for the PTCO pin, even in 16-pin packages where PTCO doesn’t bond out. Ganged output not available in 8-pin
packages.

If ACMP and ADC are both enabled, both will have access to the pin.

5 Pinis open-drain when configured as output driving high. Pin does not contain a clamp diode to Vpp and should
not be driven above Vpp. The voltage measured on the internally pulled up RESET will not be pulled to Vpp. The
internal gates connected to this pin are pulled to Vpp.
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Chapter 5 Resets, Interrupts, and General System Control

The status flag corresponding to the interrupt source must be acknowledged (cleared) before returning
from the ISR. Typically, the flag is cleared at the beginning of the ISR so that if another interrupt is
generated by this same source, it will beregistered so it can be serviced after completion of the current ISR.

5.5.2  External Interrupt Request Pin (IRQ)

External interrupts are managed by the IRQ status and control register, IRQSC. When the IRQ functionis
enabled, synchronouslogic monitors the pin for edge-only or edge-and-level events. Whenthe MCU isin
stop mode and system clocks are shut down, a separate asynchronous path is used so the IRQ (if enabled)
can wake the MCU.

5.5.2.1 Pin Configuration Option

TheRQ pin enable (IRQPE) control bit in IRQSC must be 1 in order for the IRQ pin to act asthe interrupt
request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels detected
(IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an event
causes an interrupt or only sets the IRQF flag which can be polled by software.

The IRQ pin, when enabled, defaultsto use an internal pull device (IRQPDD = 0), the deviceisapull-up
or pull-down depending on the polarity chosen. If the user desires to use an external pull-up or pull-down,
the IRQPDD can be written to a 1 to turn off the internal device.

BIH and BIL instructions may be used to detect the level on the IRQ pin when the pinis configured to act
asthe IRQ input.

NOTE

This pin does not contain a clamp diode to V pp and should not be driven
above VDD'

The voltage measured on theinternally pulled up IRQ pin will not be pulled
to Vpp- Theinternal gates connected to this pin are pulled to Vpp. If the
IRQ pinisrequiredtodrivetoaVpp level an external pullup should be used.

5.5.2.2 Edge and Level Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In the
edge and level detection mode, the |RQF status flag becomes set when an edge is detected (when the IRQ
pin changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be
cleared) aslong as the IRQ pin remains at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-2 provides a summary of all interrupt sources. Higher-priority sources are located toward the
bottom of the table. The high-order byte of the address for the interrupt service routine islocated at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routine is located at the next higher address.
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Chapter 6 Parallel Input/Output Control

6.6.1.2 Port A Data Direction Register (PTADD)
7 6 5 4 3 2 1 0
R 0 0
PTADD5 PTADD4! PTADD3 PTADD2 PTADD1 PTADDO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-4. Port A Data Direction Register (PTADD)

1 PTADDA4 has no effect on the output-only PTA4 pin.

Table 6-3. PTADD Register Field Descriptions

Field Description
Data Direction for Port A Bits — These read/write bits control the direction of port A pins and what is read for
5:0 PTAD reads.
PTADDI5:0] |0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port A bit n and PTAD reads return the contents of PTADn.
6.6.1.3 Port A Pull Enable Register (PTAPE)
7 6 5 4 3 2 1 0
R 0 0
PTAPE5! PTAPE42 PTAPE3 PTAPE2 PTAPE1 PTAPEO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-5. Internal Pull Enable for Port A Register (PTAPE)

1 PTAPES5 can be used to pullup PTA5 when configured as open drain output pin, however pullup will not pull pin all the way to
Vpp- An external pullup should be used if applications requires PTA5 to be driven to Vpp.

2 PTAPEA4 has no effect on the output-only PTA4 pin.

Table 6-4. PTAPE Register Field Descriptions

Field Description
Internal Pull Enable for Port A Bits — Each of these control bits determines if the internal pull-up or pull-down
5.0 device is enabled for the associated PTA pin. For port A pins (except for PTA5) that are configured as outputs,
PTAPE[5:0] |these bits have no effect and the internal pull devices are disabled.

0 Internal pull-up/pull-down device disabled for port A bit n.
1 Internal pull-up/pull-down device enabled for port A bit n.

NOTE

Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
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6.6.3

Chapter 6 Parallel Input/Output Control

Port C Registers

Port C is controlled by the registers listed below.

6.6.3.1 Port C Data Register (PTCD)
5 3 2 1 0
R 0 0 0 0
PTCD3 PTCD2 PTCD1 PTCDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-19. Port C Data Register (PTCD)
Table 6-18. PTCD Register Field Descriptions
Field Description
3:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[3:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.6.3.2 Port C Data Direction Register (PTCDD)
5 3 2 1 0
R 0 0 0 0
PTCDD3 PTCDD2 PTCDD1 PTCDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-20. Port C Data Direction Register (PTCDD)
Table 6-19. PTCDD Register Field Descriptions
Field Description
3.0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[3:0] | PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
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Chapter 7 Central Processor Unit (S08CPUV2)

7.2.3 Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(L1FO) stack. The stack may be located anywhere in the 64-Kbyte address space that has RAM and can
be any size up to the amount of available RAM. The stack is used to automatically save the return address
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AlS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. Thisis most
often used to allocate or deallocate space for local variables on the stack.

SPisforced to OXOOFF at reset for compatibility with the earlier M68HCO5 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to OXO0FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCO5 Family and
is seldom used in new HCS08 programs because it only affects the low-order half of the stack pointer.

7.2.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next instruction or operand to be
fetched.

During normal program execution, the program counter automatically increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch, interrupt, and return
operations load the program counter with an address other than that of the next sequential location. This
is called a change-of-flow.

During reset, the program counter isloaded with the reset vector that islocated at OXFFFE and OxFFFF.
The vector stored there is the address of the first instruction that will be executed after exiting the reset
State.

7.2.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (I) and five flags that indicate the results of
the instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code bitsin general terms. For a more detailed explanation of how each
instruction sets the CCR bits, refer to the HCS08 Family Reference Manual, volume 1, Freescale
Semiconductor document order number HCSO8RMv 1.
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Chapter 7 Central Processor Unit (S0O8CPUV2)

7 0
CONDITION CODE REGISTER [V "1 "1 H | N Z C| CCR

CARRY
——ZERO
NEGATIVE
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
TWO'S COMPLEMENT OVERFLOW

Figure 7-2. Condition Code Register

Table 7-1. CCR Register Field Descriptions

Field Description
7 Two’s Complement Overfl w Flag— The CPU sets the overflow flag when a two’s complement overflow occurs.
\% The signed branch instructions BGT, BGE, BLE, and BLT use the overflow flag.
0 No overflow
1 Overflow
4 Half-Carry Flag — The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during
H an add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for binary-coded
decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and C condition code bits to
automatically add a correction value to the result from a previous ADD or ADC on BCD operands to correct the
result to a valid BCD value.
0 No carry between bits 3 and 4
1 Carry between bits 3 and 4
3 Interrupt Mask Bit — When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts
| are enabled when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the first instruction of the interrupt service
routine is executed.
Interrupts are not recognized at the instruction boundary after any instruction that clears | (CLI or TAP). This
ensures that the next instruction after a CLI or TAP will always be executed without the possibility of an intervening
interrupt, provided | was set.
0 Interrupts enabled
1 Interrupts disabled
2 Negative Flag — The CPU sets the negative flag when an arithmetic operation, logic operation, or data
N manipulation produces a negative result, setting bit 7 of the result. Simply loading or storing an 8-bit or 16-bit value
causes N to be set if the most significant bit of the loaded or stored value was 1.
0 Non-negative result
1 Negative result
1 Zero Flag — The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation
Z produces a result of 0x00 or 0x0000. Simply loading or storing an 8-bit or 16-bit value causes Z to be set if the
loaded or stored value was all Os.
0 Non-zero result
1 Zero result
0 Carry/Borrow Flag — The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit
C 7 of the accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test and

branch, shift, and rotate — also clear or set the carry/borrow flag.
0 No carry out of bit 7
1 Carry out of bit 7
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Chapter 8 Analog Comparator (SO8ACMPV2)

8.2 External Signal Description

The ACMP has two analog input pins, ACMP+ and ACMP- and one digital output pin ACMPO. Each of
these pins can accept an input voltage that varies across the full operating voltage range of the MCU. As
shownin Figure 8-2, the ACMP- pinisconnected to theinverting input of the comparator, and the ACM P+

pin is connected to the comparator non-inverting input if ACBGSisa0. Asshown in Figure 8-2, the

ACMPO pin can be enabled to drive an external pin.
The signal properties of ACMP are shown in Table 8-1.

Table 8-1. Signal Properties

Signal Function /0

ACMP- Inverting analog input to the ACMP. |
(Minus input)

ACMP+ Non-inverting analog input to the ACMP. |
(Positive input)

ACMPO Digital output of the ACMP. (0]

8.3 Memory Map

8.3.1 Register Descriptions

The ACMP includes one register:

* An 8-bit status and control register

Refer to the direct-page register summary in the memory section of this data sheet for the absol ute address
assignments for all ACMP registers. This section refers to registers and control bits only by their names.

Some MCUs may have more than one ACMP, so register namesinclude placeholder charactersto identify
which ACMP is being referenced.
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Chapter 9 Analog-to-Digital Converter (SO8ADC10V1)

9.4.4.2 Completing Conversions

A conversion is completed when the result of the conversion is transferred into the data result registers,
ADCRH and ADCRL. Thisisindicated by the setting of COCO. Aninterrupt isgenerated if AIEN ishigh
at the time that COCO is set.

A blocking mechanism prevents a new result from overwriting previous datain ADCRH and ADCRL if
the previous dataisin the process of being read whilein 10-bit MODE (the ADCRH register has been read
but the ADCRL register has not). When blocking is active, the data transfer is blocked, COCO is not set,
and the new result islost. In the case of single conversions with the compare function enabled and the
compare condition false, blocking has no effect and ADC operation is terminated. In all other cases of
operation, when adatatransfer is blocked, another conversionisinitiated regardless of the state of ADCO
(single or continuous conversions enabled).

If single conversions are enabled, the blocking mechanism could result in several discarded conversions
and excess power consumption. To avoid thisissue, the data registers must not be read after initiating a
single conversion until the conversion completes.

9.4.43 Aborting Conversions

Any conversion in progress will be aborted when:

* A writeto ADCSC1 occurs (the current conversion will be aborted and a new conversion will be
initiated, if ADCH are not al 1s).

* A writeto ADCSC2, ADCCFG, ADCCVH, or ADCCVL occurs. Thisindicates a mode of
operation change has occurred and the current conversion is therefore invalid.

* TheMCU isreset.
* The MCU enters stop mode with ADACK not enabled.

When a conversion is aborted, the contents of the dataregisters, ADCRH and ADCRL, are not altered but
continueto be the values transferred after the compl etion of the last successful conversion. In the case that
the conversion was aborted by areset, ADCRH and ADCRL return to their reset states.

9.4.4.4 Power Control

The ADC module remainsinitsidle state until a conversionisinitiated. If ADACK is selected asthe
conversion clock source, the ADACK clock generator is also enabled.

Power consumption when active can bereduced by setting ADLPC. Thisresultsin alower maximum value
for faopck (See the electrical specifications).

9.4.4.5 Total Conversion Time

Thetotal conversion time depends on the sample time (as determined by ADLSMP), the MCU bus
frequency, the conversion mode (8-bit or 10-bit), and the frequency of the conversion clock (fapck)- After
the modul e becomes active, sampling of the input begins. ADLSMP is used to select between short and
long sample times.When sampling is complete, the converter is isolated from the input channel and a
successive approximation algorithm is performed to determine the digital value of the analog signal. The
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12.3 Register Definitio

Figure 12-3 isasummary of MTIM registers.

Chapter 12 Modulo Timer (S08MTIMV1)

Name 7 6 5 4 3
R TOF 0 0
MTIMSC TOIE TSTP
w TRST
R 0 0
MTIMCLK CLKS PS
w
R COUNT
MTIMCNT
w
R
MTIMMOD MOD
w

Figure 12-3. MTIM Register Summary

Each MTIM includes four registers:

* An 8-bit status and control register

* An 8-bit clock configuration register
* An 8-bit counter register

* An 8-bit modulo register

Refer to the direct-page register summary in the Memory chapter of thisdata sheet for the absolute address
assignmentsfor all MTIM registers.This section refersto registersand control bitsonly by their namesand

relative address off sets.

Some M CUs may have morethan one MTIM, so register namesinclude placeholder charactersto identify
which MTIM is being referenced.
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Chapter 12 Modulo Timer (S08MTIMV1)

12.4 Functional Description

The MTIM is composed of amain 8-bit up-counter with an 8-bit modulo register, a clock source selector,
and a prescaler block with nine selectable values. The module aso contains software selectable interrupt
logic.

The MTIM counter (MTIMCNT) has three modes of operation: stopped, free-running, and modulo. Out of
reset, the counter is stopped. If the counter is started without writing a new value to the modul o register,
then the counter will bein free-running mode. The counter isin modulo mode when avalue other than $00
isin the modulo register while the counter is running.

After any MCU reset, the counter is stopped and reset to $00, and the modulusis set to $00. The bus clock
is selected as the default clock source and the prescale value is divide by 1. To start the MTIM in
free-running mode, simply write to the MTIM status and control register (MTiIMSC) and clear the MTIM
stop bit (TSTP).

Four clock sources are software selectable: theinternal bus clock, the fixed frequency clock (XCLK), and
an external clock onthe TCLK pin, selectable asincrementing on either rising or falling edges. The MTIM
clock select bits (CLKS1:CLKS0) in mTiMSC are used to select the desired clock source. If the counter is
active (TSTP = 0) when anew clock source is selected, the counter will continue counting from the
previous value using the new clock source.

Nine prescale values are software selectable: clock source divided by 1, 2, 4, 8, 16, 32, 64, 128, or 256.
The prescaler select bits (PS[3:0]) in MTiIMSC select the desired prescale value. If the counter is active
(TSTP = 0) when anew prescaler value is selected, the counter will continue counting from the previous
value using the new prescaler value.

The MTIM modulo register (vTIMMOD) allows the overflow compare value to be set to any value from
$01 to $FF. Reset clears the modul o value to $00, which resultsin a free running counter.

When the counter is active (TSTP = 0), the counter increments at the selected rate until the count matches
the modul o value. When these values match, the counter overflows to $00 and continues counting. The
MTIM overflow flag (TOF) is set whenever the counter overflows. The flag sets on the transition from the
modulo value to $00. Writing to MTIMM OD while the counter is active resets the counter to $00 and clears
TOF.

Clearing TOF is atwo-step process. Thefirst step is to read the MTIMSC register while TOF is set. The
second step isto write a0 to TOF. If another overflow occurs between the first and second steps, the
clearing processisreset and TOF will remain set after the second step is performed. Thiswill prevent the
second occurrence from being missed. TOF isalso cleared when a1 iswritten to TRST or when any value
iswritten to the MTIMM OD register.

The MTIM allows for an optional interrupt to be generated whenever TOF is set. To enablethe MTIM
overflow interrupt, set the MTIM overflow interrupt enable bit (TOIE) in MTiMSC. TOIE should never be
written to a1 while TOF = 1. Instead, TOF should be cleared first, then the TOIE can be set to 1.
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Chapter 13 Real-Time Counter (S0O8RTCV1)

memal bt ML UL L LU UL LU L

Clock Source

RTC Clock | | | | L L
(RTCPS = OxA)
RTCCNT | 0x52 | 0x53 | 0x54 | 0X55 | 0x00 | 0x01 |
RTIF |
RTCMOD | 0x55 |

Figure 13-6. RTC Counter Overfl w Example

In the example of Figure 13-6, the selected clock sourceisthe 1-kHz internal oscillator clock source. The
prescaler (RTCPS) is set to OXA or divide-by-4. The modulo valuein the RTCMOD register is set to 0x55.
When the counter, RTCCNT, reaches the modulo value of 0x55, the counter overflows to 0x00 and
continues counting. The real-time interrupt flag, RTIF, sets when the counter value changes from 0x55 to
0x00. A real-time interrupt is generated when RTIF is set, if RTIE is set.

13.5 Initialization/Application Information

Thissection provides example codeto give some basic direction to auser on how toinitialize and configure
the RTC module. The example software is implemented in C language.

The example below shows how to implement time of day with the RTC using the 1-kHz clock source to
achieve the lowest possible power consumption. Because the 1-kHz clock source is not as accurate as a
crystal, software can be added for any adjustments. For accuracy without adjustments at the expense of
additional power consumption, the external clock (ERCLK) or theinternal clock (IRCLK) can be selected
with appropriate prescaler and modulo values.

/* Initialize the el apsed tine counters */
Seconds = 0;

M nutes = O;

Hours = O;

Days=0;

/* Configure RTC to interrupt every 1 second from 1-kHz cl ock source */
RTCMOD. byt e = 0x00;
RTCSC. byte = Ox1F;

/*'k*'k*'k***'k*'k***'k*'k*'k*'k***'k*'k*'k*'k***'k*'k***'k*'k*'k************************

Function Name : RTC_I SR
Notes : Interrupt service routine for RTC nodul e.

**********************************************************************/
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-3. SCIxC1 Field Descriptions (continued)

Field Description
3 Receiver Wakeup Method Select — Refer to Section 14.3.3.2, “Receiver Wakeup Operation” for more
WAKE information.
0 Idle-line wakeup.
1 Address-mark wakeup.
2 Idle Line Type Select — Setting this bit to 1 ensures that the stop bit and logic 1 bits at the end of a character
ILT do not count toward the 10 or 11 bit times of logic high level needed by the idle line detection logic. Refer to
Section 14.3.3.2.1, “Idle-Line Wakeup” for more information.
0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.
1 Parity Enable — Enables hardware parity generation and checking. When parity is enabled, the most significant
PE bit (MSB) of the data character (eighth or ninth data bit) is treated as the parity bit.
0 No hardware parity generation or checking.
1 Parity enabled.
0 Parity Type — Provided parity is enabled (PE = 1), this bit selects even or odd parity. Odd parity means the total
PT number of 1s in the data character, including the parity bit, is odd. Even parity means the total number of 1s in

the data character, including the parity bit, is even.
0 Even parity.
1 Odd parity.

14.2.3 SCI Control Register 2 (SCIxC2)

Thisregister can be read or written at any time.

7 6 5 4 3 2 1 0
R
TIE TCIE RIE ILIE TE RE RWU SBK
W
Reset 0 0 0 0 0 0 0 0
Figure 14-7. SCI Control Register 2 (SCIxC2)
Table 14-4. SCIxC2 Field Descriptions
Field Description
7 Transmit Interrupt Enable (for TDRE)
TIE 0 Hardware interrupts from TDRE disabled (use polling).
1 Hardware interrupt requested when TDRE flag is 1.
6 Transmission Complete Interrupt Enable (for TC)
TCIE 0 Hardware interrupts from TC disabled (use polling).
1 Hardware interrupt requested when TC flag is 1.
5 Receiver Interrupt Enable (for RDRF)
RIE 0 Hardware interrupts from RDRF disabled (use polling).
1 Hardware interrupt requested when RDRF flag is 1.
4 Idle Line Interrupt Enable (for IDLE)
ILIE 0 Hardware interrupts from IDLE disabled (use polling).

1 Hardware interrupt requested when IDLE flag is 1.
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-4. SCIxC2 Field Descriptions (continued)

Field Description
3 Transmitter Enable
TE 0 Transmitter off.

1 Transmitter on.

TE must be 1 in order to use the SCI transmitter. When TE = 1, the SCI forces the TxD pin to act as an output
for the SCI system.

When the SCl is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the direction of
traffic on the single SCI communication line (TxD pin).

TE also can be used to queue an idle character by writing TE = 0 then TE = 1 while a transmission is in progress.
Refer to Section 14.3.2.1, “Send Break and Queued Idle” for more details.

When TE is written to 0, the transmitter keeps control of the port TxD pin until any data, queued idle, or queued
break character finishes transmitting before allowing the pin to revert to a general-purpose 1/O pin.

2 Receiver Enable — When the SCI receiver is off, the RXD pin reverts to being a general-purpose port I/O pin.
RE If LOOPS = 1 the RxD pin reverts to being a general-purpose I/O pin even if RE = 1.

0 Receiver off.

1 Receiver on.

1 Receiver Wakeup Control — This bit can be written to 1 to place the SCI receiver in a standby state where it
RWU waits for automatic hardware detection of a selected wakeup condition. The wakeup condition is either an idle
line between messages (WAKE = 0, idle-line wakeup), or a logic 1 in the most significant data bit in a character
(WAKE = 1, address-mark wakeup). Application software sets RWU and (normally) a selected hardware
condition automatically clears RWU. Refer to Section 14.3.3.2, “Receiver Wakeup Operation” for more details.
0 Normal SCI receiver operation.

1 SCl receiver in standby waiting for wakeup condition.

0 Send Break — Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional
SBK break characters of 10 or 11 (13 or 14 if BRK13 = 1) bit times of logic 0 are queued as long as SBK = 1.
Depending on the timing of the set and clear of SBK relative to the information currently being transmitted, a
second break character may be queued before software clears SBK. Refer to Section 14.3.2.1, “Send Break and
Queued Idle” for more details.

0 Normal transmitter operation.
1 Queue break character(s) to be sent.

14.2.4 SCI Status Register 1 (SCIxS1)

Thisregister has eight read-only status flags. Writes have no effect. Special software sequences (which do
not involve writing to this register) are used to clear these status flags.

7 6 5 4 3 2 1 0
R TDRE TC RDRF IDLE OR NF FE PF
W
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 14-8. SCI Status Register 1 (SCIxS1)

MC9S08SH8 MCU Series Data Sheet, Rev. 3

Freescale Semiconductor 211



Chapter 15
Serial Peripheral Interface (S08SPIV3)

15.1 Introduction
Figure 15-1 shows the MC9S08SH8 block diagram with the SPI module highlighted.
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

in LSBFE. Both variations of SPSCK polarity are shown, but only one of these waveforms applies for a
specific transfer, depending on the valuein CPOL. The SAMPLE IN waveform appliesto the MOSI input
of adlave or the MISO input of a master. The MOSI waveform applies to the MOSI output pin from a
master and the M1SO waveform applies to the M1 SO output from aslave. The SSOUT waveform applies
to the slave select output from amaster (provided MODFEN and SSOE = 1). The master SS output goes
to active low at the start of thefirst bit time of the transfer and goes back high one-half SPSCK cycle after
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
dave.

BIT TIME #
(REFERENCE) 1

NN
“ e

SPSCK
(CPOL =0) 7

)

g

SAMPLE IN
(MISO OR MOSI)

WAL VWA WA WAL WA

o A NA A\ S\S
| | |

)

"I T G G G G G
(MASTER OUT) / ¢ /
MSB FIRST BIT7 BIT6 BIT2 BIT 1 BITO
LSB FIRST BITO BIT 1 g BIT5 BIT 6 BIT7
S X X X X X X
(SLAVE OUT) 5 ) ;
- - ) b
SSouT \ /|
(MASTER) N\ I /
J)
SSIN LY £ 4
(SLAVE) LY % K,

Figure 15-11. SPI Clock Formats (CPHA = 0)

When CPHA = 0, the dlave begins to drive its MISO output with the first data bit value (MSB or LSB
depending on L SBFE) when SS goes to active low. The first SPSCK edge causes both the master and the
slave to sample the data bit values on their MI1SO and MOSI inputs, respectively. At the second SPSCK
edge, the SPI shifter shiftsone bit position which shiftsin the bit value that wasjust sampled and shiftsthe
second data bit value out the other end of the shifter to the MOSI and MISO outputs of the master and
slave, respectively. When CPHA = 0, the dave's SSinput must go to itsinactive high level between
transfers.
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Chapter 16 Timer/PWM Module (S08TPMV3)

16.1.3 Features

The TPM includes these distinctive features:

* One to eight channels:
— Each channel may be input capture, output compare, or edge-aligned PWM

— Rising-Edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
— Selectable polarity on PWM outputs

* Module may be configured for buffered, center-aligned pulse-width-modulation (CPWM) on all
channels

» Timer clock source selectable as prescaled bus clock, fixed system clock, or an external clock pin
— Prescale taps for divide-by 1, 2, 4, 8, 16, 32, 64, or 128
— Fixed system clock source are synchronized to the bus clock by an on-chip synchronization

circuit

— External clock pin may be shared with any timer channel pin or a separated input pin

» 16-bit free-running or modulo up/down count operation

» Timer system enable

* One interrupt per channel plus terminal count interrupt

16.1.4 Modes of Operation

In general, TPM channels may be independently configured to operate in input capture, output compare,
or edge-aligned PWM modes. A control bit allows the whole TPM (all channels) to switch to
center-aligned PWM mode. When center-aligned PWM mode is selected, input capture, output compare,
and edge-aligned PWM functions are not available on any channels of this TPM module.

When the microcontroller is in active BDM background or BDM foreground mode, the TPM temporarily
suspends all counting until the microcontroller returns to normal user operating mode. During stop mode,
all system clocks, including the main oscillator, are stopped; therefore, the TPM is effectively disabled
until clocks resume. During wait mode, the TPM continues to operate normally. Provided the TPM does
not need to produce a real time reference or provide the interrupt source(s) needed to wake the MCU from
wait mode, the user can save power by disabling TPM functions before entering wait mode.

* Input capture mode

When a selected edge event occurs on the associated MCU pin, the current value of the 16-bit timer
counter is captured into the channel value register and an interrupt flag bit is set. Rising edges,
falling edges, any edge, or no edge (disable channel) may be selected as the active edge which
triggers the input capture.

 Output compare mode

When the value in the timer counter register matches the channel value register, an interrupt flag
bit is set, and a selected output action is forced on the associated MCU pin. The output compare
action may be selected to force the pin to zero, force the pin to one, toggle the pin, or ignore the
pin (used for software timing functions).
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Appendix A Electrical Characteristics

MCU
EXTAL XTAL
Re éRS
AAAY
Tl
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Ci — Crystal or Resonator — C,

A
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Appendix B Ordering Information and Mechanical Drawings

B.2

Mechanical Drawings

The following pages are mechanical specifications for MC9S08SH8 package options. See Table B-2 for
the document number for each package type.

Table B-2. Package Information

C:::lt Type Designator Document No.
24 QFN FK 98ARE10714D
20 PDIP PJ 98ASB42899B
20 TSSOP TJ 98ASH70169A
20 SOIC wWJ 98ASB42343B
16 TSSOP TG 98ASH70247A
8 NB SOIC SC 98ASB42564B
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NOTES:

17 CONTROLLING DIMENSITON:
2 DIMENSIGONS AND TOLERANCES PER ANSI

MILLIMETER

Y14 5M-1982

1i>>D\MENS\ON DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURRS MOLD FLASH OR GATE BURRS SHALL NOT EXCEED 0.15 PER SIDE

1i>>D\MENS\ON DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0 25 PER SIDE

LﬁSXD\MENS\ON DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE

DAMBAR PROTRUSION SHALL BE 0.08 TOTAL
THE DIMENSION AT MAXIMUM MATERIAL CONDITION.
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6  TERMINAL NUMBERS ARE SHOWN FOR REFERENCE ONLY .

A DIMENSTONS ARE TO BE DETERMINED AT DATUM PLANE
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