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Chapter 2 Pins and Connections

When an on-chip periphera system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. For information about controlling these pins as general-purpose |/0O
pins, see Chapter 6, “Paralel Input/Output Control.”

The MC9S08SH8 devices contain a ganged output drive feature that allows a safe and reliable method of
allowing pinsto be tied together externally to produce a higher output current drive. See Section 6.3,
“Ganged Output” for more information for configuring the port pins for ganged output drive.

NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program should either enable on-chip pull-up
devicesor change the direction of unused pinsto outputs so they do not float.

When using the 8-pin devices, the user must either enable on-chip pullup
devices or change the direction of non-bonded out port B and port C pinsto
outputs so the pins do not float.

When using the 16-pin devices, the user must either enable on-chip pullup
devices or change the direction of non-bonded out port C pinsto outputs so
the pins do not float.
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Chapter 3 Modes of Operation

Background commands are of two types.

* Non-intrusive commands, defined as commands that can be issued while the user programis
running. Non-intrusive commands can be issued through the BKGD/MS pin whilethe MCU isin
run mode; non-intrusive commands can a so be executed when the MCU isin the active
background mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands
— BDC register access commands

— The BACKGROUND command

» Activebackground commands, which can only be executed whilethe M CU isin active background
mode. Active background commands include commands to:

— Read or write CPU registers
— Trace one user program instruction at atime
— Leave active background mode to return to the user application program (GO)

The active background modeis used to program a bootloader or user application program into the FLASH
program memory before the MCU is operated in run mode for the first time. When the MC9S08SH8 is
shipped from the Freescale Semiconductor factory, the FLASH program memory is erased by default
unless specifically noted so there is no program that could be executed in run mode until the FLASH
memory isinitially programmed. The active background mode can also be used to erase and reprogram
the FLASH memory after it has been previously programmed.

For additional information about the active background mode, refer to the Devel opment Support chapter.

3.5 Wait Mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT instruction, the CPU
enters alow-power state in which it isnot clocked. Thel bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

While the MCU isin wait mode, there are some restrictions on which background debug commands can
be used. Only the BACKGROUND command and memory-access-with-status commands are available
when the MCU isin wait mode. The memory-access-with-status commands do not allow memory access,
but they report an error indicating that the MCU isin either stop or wait mode. The BACKGROUND
command can be used to wake the MCU from wait mode and enter active background mode.

3.6 Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when STOPE in SOPT1. In any
stop mode, the bus and CPU clocks are halted. The ICS module can be configured to leave the reference
clocks running. See Chapter 10, “Internal Clock Source (SO8ICSV2),” for more information.
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Chapter 4 Memory

be programmed to logic O to enable block protection. Therefore the value OxF8 must be programmed into
NVPROT to protect addresses OxFA QO through OXFFFF.

FPS7 | FPS6 | FPS5 | FPS4 | FPS3 | FPS2 | FPS1

bbb lllllllll

Al15 Al14 A13 Al2 All  A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO

Figure 4-4. Block Protection Mechanism

Oneusefor block protection isto block protect an areaof FLASH memory for abootloader program. This
bootloader program then can be used to erase the rest of the FLASH memory and reprogram it. Because
the bootloader is protected, it remains intact even if MCU power islost in the middle of an erase and
reprogram operation.

4.5.7 Vector Redirection

Whenever any block protection is enabled, the reset and interrupt vectors will be protected. Vector
redirection allows users to modify interrupt vector information without unprotecting bootloader and reset
vector space. Vector redirection is enabled by programming the FNORED bit in the NVOPT register
located at address OxFFBF to zero. For redirection to occur, at |east some portion but not all of the FLASH
memory must be block protected by programming the NV PROT register located at address OXFFBD. All
of the interrupt vectors (memory locations OxFFCO-OxFFFD) are redirected, though the reset vector
(OXFFFE:FFFF) is not.

For example, if 512 bytes of FLASH are protected, the protected address region is from OXxFEOO through
OXFFFF. Theinterrupt vectors (OxFFCO-OxFFFD) areredirected to the locations OxFDCO-OxFDFD. Now,
if an SPI interrupt istaken for instance, the values in the locations OXFDEQ:FDEL are used for the vector
instead of the valuesin the locations OXFFEO:FFEL. This allows the user to reprogram the unprotected
portion of the FLASH with new program code including new interrupt vector values while leaving the
protected area, which includes the default vector |ocations, unchanged.

4.6 Security

The MC9S08SH8 includes circuitry to prevent unauthorized access to the contents of FLASH and RAM
memory. When security is engaged, FLASH and RAM are considered secure resources. Direct-page
registers, high-page registers, and the background debug controller are considered unsecured resources.
Programs executing within secure memory have normal access to any MCU memory locations and
resources. Attempts to access a secure memory location with a program executing from an unsecured
memory space or through the background debug interface are blocked (writes areignored and reads return
all 0s).

Security is engaged or disengaged based on the state of two nonvolatile register bits (SEC01:SECO0) in

the FOPT register. During reset, the contents of the nonvolatile location NVOPT are copied from FLASH
into the working FOPT register in high-page register space. A user engages security by programming the
NVOPT location which can be done at the same time the FLASH memory is programmed. The 1.0 state
disengages security and the other three combinations engage security. Notice the erased state (1:1) makes
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Chapter 5
Resets, Interrupts, and General System Control

5.1 Introduction

This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupt
inthe MC9S08SHS8. Someinterrupt sourcesfrom peripheral modules are discussed in greater detail within
other sections of thisdata sheet. This section gathersbasicinformation about all reset and interrupt sources
in one place for easy reference. A few reset and interrupt sources, including the computer operating
properly (COP) watchdog are not part of on-chip peripheral systems with their own chapters.

5.2 Features

Reset and interrupt features include:
» Multiple sources of reset for flexible system configuration and reliable operation
* Reset statusregister (SRS) to indicate source of most recent reset
» Separate interrupt vector for each module (reduces polling overhead) (see Table 5-2)

5.3 MCU Reset

Resetting the M CU provides away to start processing from aknown set of initial conditions. During reset,
most control and status registers are forced to initial values and the program counter isloaded from the
reset vector (OxXFFFE:OxFFFF). On-chip peripheral modules are disabled and I/O pins areinitially
configured as general-purpose high-impedance inputs with pull-up devices disabled. The bit in the
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to
initialize the stack pointer (SP) and system control settings. SP is forced to OxOOFF at reset.

The MC9S08SH8 has the following sources for reset:
* Power-on reset (POR)
* External pinreset (PIN) - enabled using RSTPE in SOPT1
» Low-voltage detect (LVD)
» Computer operating properly (COP) timer
» lllegal opcode detect (ILOP)
» |llegal address detect (ILAD)
» Background debug forced reset

Each of these sources, with the exception of the background debug forced reset, has an associated bit in
the system reset status register (SRS).

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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6.6.2

Chapter 6 Parallel Input/Output Control

Port B Registers

Port B is controlled by the registers listed below.

6.6.2.1 Port B Data Register (PTBD)
7 6 5 4 3 2 1 0
R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-11. Port B Data Register (PTBD)
Table 6-10. PTBD Register Field Descriptions
Field Description
7:0 Port B Data Register Bits — For port B pins that are inputs, reads return the logic level on the pin. For port B
PTBD[7:0] |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 B pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTBD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.6.2.2 Port B Data Direction Register (PTBDD)
7 6 5 4 3 2 1 0
R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-12. Port B Data Direction Register (PTBDD)
Table 6-11. PTBDD Register Field Descriptions
Field Description
7:0 Data Direction for Port B Bits — These read/write bits control the direction of port B pins and what is read for
PTBDD[7:0] | PTBD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.
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Chapter 7
Central Processor Unit (S08CPUV2)

71 Introduction

This section provides summary information about the registers, addressing modes, and instruction set of
the CPU of the HCS08 Family. For a more detailed discussion, refer to the HCS08 Family Reference
Manual, volume 1, Freescale Semiconductor document order number HCSO8BRMV 1/D.

The HCS08 CPU is fully source- and object-code-compatible with the M68HC08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
anew background debug system which replaces the monitor mode of earlier M68HCO8 microcontrollers
(MCU).

711 Features

Features of the HCS08 CPU include:
*  Object code fully upward-compatible with M68HCO05 and M68HCO08 Families
» All registers and memory are mapped to a single 64-Kbyte address space
» 16-hit stack pointer (any size stack anywhere in 64-K byte address space)
* 16-bit index register (H:X) with powerful indexed addressing modes
* 8-bit accumulator (A)
* Many instructionstreat X as a second general-purpose 8-bit register
*  Seven addressing modes:
— Inherent — Operandsin internal registers
— Relative — 8-hit signed offset to branch destination
— Immediate — Operand in next object code byte(s)
— Direct — Operand in memory at 0x0000-0x00FF
— Extended — Operand anywhere in 64-K byte address space
— Indexed relative to H: X — Five submodes including auto increment
— Indexed relative to SP — Improves C efficiency dramatically
* Memory-to-memory data move instructions with four address mode combinations

» Overflow, half-carry, negative, zero, and carry condition codes support conditional branching on
the results of signed, unsigned, and binary-coded decimal (BCD) operations

» Efficient bit manipulation instructions
» Fast 8-hit by 8-bit multiply and 16-bit by 8-bit divide instructions
e STOP and WAIT instructions to invoke low-power operating modes

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Table 7-2. Instruction Set Summary (Sheet 8 of 9)

Chapter 7 Central Processor Unit (S08CPUV2)

2 o P Affect
Source : (-] : 2 | Cyc-by-Cyc on CCR
Form Operation g § Object Code S Details
< o V11H|INZC

SUB #opr8i IMM AO i 2 |pp
SUB opr8a DIR BO dd 3 |rpp
SUB oprl6a EXT CO hh |1 4 |prpp
SUB oprx16,X Subtract IX2 DO ee ff 4 |prpp $11-|-111
SUB oprx8,X A« (A)-(M) IX1 EO ff 3 |rpp
SUB X IX FO 3 |rfp
SUB oprx16,SP SP2 9E DO ee ff 5 |pprpp
SUB oprx8,SP SP1 9E EO ff 4  |prpp

Software Interrupt

PC « (PC) + $0001

Push (PCL); SP « (SP) — $0001

Push (PCH); SP « (SP) — $0001

Push (X); SP « (SP) — $0001 _ R
Swi Push (A): SP « (SP) — $0001 INH 83 11 ([sssssvvfppp 11 1

Push (CCR); SP « (SP) — $0001

|« 1;

PCH « Interrupt Vector High Byte

PCL « Interrupt Vector Low Byte

Transfer Accumulator to CCR Al A a
TAP CCR < (A) INH 84 1 |p 7110|181t ?

Transfer Accumulator to X (Index Register
TAX Low) INH 97 1 |(p -11—-|----

X« (A)

Transfer CCR to Accumulator
TPA A < (CCR) INH 85 1 |(p -11-|----
TST opr8a Test for Negative or Zero (M) — $00 DIR 3D dd 4 |(rfpp
TSTA (A) — $00 INH 4D 1 |p
TSTX (X) - $00 INH 5D 1 |p 011-|_11-
TST oprx8,X (M) — $00 IX1 6D ff 4 |rfpp
TST X (M) — $00 IX 7D 3 |rfp
TST oprx8,SP (M) — $00 SP1 9E 6D ff 5 |prfpp

Transfer SP to Index Reg.
TSX HIX < (SP) + $0001 INH 95 2 |fp —11-|-=--
TXA Transfer X (Index Reg. Low) to Accumulator INH 9F 1 |p C11 |-

A« (X)
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Chapter 10 Internal Clock Source (S08ICSV2)

10.3.3 ICS Trim Register (ICSTRM)

7 6 5 4 3 2 1 0
R
TRIM
W
POR: 1 0 0 0 0 0 0 0
Reset: U U U U U U U U
Figure 10-5. ICS Trim Register (ICSTRM)
Table 10-4. ICS Trim Register Field Descriptions
Field Description
7:0 ICS Trim Setting — The TRIM bits control the internal reference clock frequency by controlling the internal
TRIM reference clock period. The bits’ effect are binary weighted (i.e., bit 1 will adjust twice as much as bit 0).

Increasing the binary value in TRIM will increase the period, and decreasing the value will decrease the period.

An additional fine trim bit is available in ICSSC as the FTRIM bit.

10.3.4 ICS Status and Control (ICSSC)

7 6 5 4 3 2 1 0
R 0 0 0 IREFST CLKST OSCINIT
FTRIM
W
POR: 0 0 0 1 0 0 0 0
Reset: 0 0 0 1 0 0 0 U
Figure 10-6. ICS Status and Control Register (ICSSC)
Table 10-5. ICS Status and Control Register Field Descriptions
Field Description
75 Reserved, should be cleared.
4 Internal Reference Status — The IREFST bit indicates the current source for the reference clock. The IREFST
IREFST |bit does not update immediately after a write to the IREFS bit due to internal synchronization between clock
domains.

0 Source of reference clock is external clock.
1 Source of reference clock is internal clock.

3-2 Clock Mode Status — The CLKST bits indicate the current clock mode. The CLKST bits don’t update
CLKST immediately after a write to the CLKS bits due to internal synchronization between clock domains.
00 Output of FLL is selected.
01 FLL Bypassed, Internal reference clock is selected.
10 FLL Bypassed, External reference clock is selected.
11 Reserved.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

11.1.2 Features

The 11C includes these distinctive features:
e Compatible with I1C bus standard
* Multi-master operation
» Software programmable for one of 64 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 identification interrupt
» Start and stop signal generation/detection
* Repeated start signal generation
» Acknowledge bit generation/detection
* Bus busy detection
» General call recognition
» 10-bit address extension

11.1.3 Modes of Operation

A brief description of the 11C in the various MCU modes is given here.

* Run mode — This is the basic mode of operation. To conserve power in this mode, disable the
module.

* Wait mode — The module continues to operate while the MCU is in wait mode and can provide
a wake-up interrupt.

» Stop mode — The IIC is inactive in stop3 mode for reduced power consumption. The stop
instruction does not affect 11C register states. Stop2 resets the register contents.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

Table 11-9. lICC2 Field Descriptions

Field Description

7 General Call Address Enable. The GCAEN bit enables or disables general call address.
GCAEN 0 General call address is disabled
1 General call address is enabled

6 Address Extension. The ADEXT bit controls the number of bits used for the slave address.
ADEXT 0 7-bit address scheme
1 10-bit address scheme

2-0 Slave Address. The AD[10:8] field contains the upper three bits of the slave address in the 10-bit address
AD[10:8] |scheme. This field is only valid when the ADEXT bit is set.

11.4 Functional Description

This section provides a complete functional description of the 11C module.

11.4.1 1IC Protocol

The I1C 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. A 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:

o Start signal

» Slave address transmission

» Data transfer

» Stop signal
The stop signal should not be confused with the CPU stop instruction. The 11C bus system communication
is described briefly in the following sections and illustrated in Figure 11-9.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

Clear
IICIF

'

Y Master N
Mode
?

Arbitration
Lost
?

Last Byte
Transmitted

Clear ARBL

N
N
Address Transfer Data Transfer
See Note 1 See Note 2
Y
End of
Addr Cycle (Read) RX
(Master Rx)
?
N N (Write)
\
i Generate ACK from
Write Next ! Set TX -
= R
Byte to IICD Set TXACK =1 Stop Signal Mode eceiver
(MST =0)
ol \ \
Write Data Tx Next F:ead IIIDCaItDa
Byte rom
o licb Y and Store
\ Y \
Switch to Set RX Switch to
Rx Mode Mode Rx Mode
Y Y Y ¢ Y
Dummy Read S?(;enzriatﬁal Read Data Dummy Read Dummy Read
from IICD MDT_g from IICD from IICD from IICD
(MST =0) and Store
Y Y Y Y Y Y ¢ Y Y |

(]

RTI

NOTES:
1. If general call is enabled, a check must be done to determine whether the received address was a general call address (0x00). If the received address was a

general call address, then the general call must be handled by user software.
2. When 10-bit addressing is used to address a slave, the slave sees an interrupt following the first byte of the extended address. User software must ensure that for
this interrupt, the contents of IICD are ignored and not treated as a valid data transfer

Figure 11-12. Typical IIC Interrupt Routine
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Chapter 12 Modulo Timer (S08MTIMV1)

12.3.1

MTIM Status and Control Register (MTIMSC)

MTIMSC contains the overflow status flag and control bits which are used to configure the interrupt enable,
reset the counter, and stop the counter.

7 6 5 4 3 2 1
R TOF 0 0 0 0 0
TOIE TSTP
W TRST
Reset: 0 0 0 1 0 0 0 0

Figure 12-4. MTIM Status and Control Register

Table 12-2. MTIM Status and Control Register Field Descriptions

Field Description
7 MTIM Overfl w Flag — This read-only bit is set when the MTIM counter register overflows to $00 after reaching
TOF the value in the MTIM modulo register. Clear TOF by reading the MTIMSC register while TOF is set, then writing
a 0to TOF. TOF is also cleared when TRST is written to a 1 or when any value is written to the MTIMMOD register.
0 MTIM counter has not reached the overflow value in the MTIM modulo register.
1 MTIM counter has reached the overflow value in the MTIM modulo register.
6 MTIM Overfl w Interrupt Enable — This read/write bit enables MTIM overflow interrupts. If TOIE is set, then an
TOIE interrupt is generated when TOF = 1. Reset clears TOIE. Do not set TOIE if TOF = 1. Clear TOF first, then set TOIE.
0 TOF interrupts are disabled. Use software polling.
1 TOF interrupts are enabled.
5 MTIM Counter Reset — When a 1 is written to this write-only bit, the MTIM counter register resets to $00 and TOF
TRST is cleared. Reading this bit always returns 0.
0 No effect. MTIM counter remains at current state.
1 MTIM counter is reset to $00.
4 MTIM Counter Stop — When set, this read/write bit stops the MTIM counter at its current value. Counting resumes
TSTP from the current value when TSTP is cleared. Reset sets TSTP to prevent the MTIM from counting.
0 MTIM counter is active.
1 MTIM counter is stopped.
3.0 Unused register bits, always read 0.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 12 Modulo Timer (S08MTIMV1)

12.4.1 MTIM Operation Example

This section shows an example of the MTIM operation as the counter reaches a matching value from the
modul o register.

selected
docksource | LJ LTIy

pswooiy [ L LT Lo LT 1T L __
MTIMCNT | A7 | s [ smo | saa | s0o | so1 |
TOF |

MTIMMOD: | $AA |

Figure 12-8. MTIM counter overfl w example

In the example of Figure 12-8, the selected clock source could be any of the five possible choices. The
prescaler is set to PS = %0010 or divide-by-4. The modulo value in the MTIMMOD register is set to $AA.
When the counter, MTIMCNT, reaches the modulo value of $AA, the counter overflows to $00 and
continues counting. The timer overflow flag, TOF, sets when the counter value changes from $AA to $00.
An MTIM overflow interrupt is generated when TOF is set, if TOIE = 1.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-5. SCIxS1 Field Descriptions

Field

Description

TDRE

Transmit Data Register Empty Flag — TDRE is set out of reset and when a transmit data value transfers from
the transmit data buffer to the transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read
SCIxS1 with TDRE = 1 and then write to the SCI data register (SCIxD).

0 Transmit data register (buffer) full.

1 Transmit data register (buffer) empty.

Transmission Complete Flag — TC is set out of reset and when TDRE = 1 and no data, preamble, or break
character is being transmitted.
0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).
TC is cleared automatically by reading SCIxS1 with TC = 1 and then doing one of the following three things:
« Write to the SCI data register (SCIxD) to transmit new data
* Queue a preamble by changing TE from O to 1
* Queue a break character by writing 1 to SBK in SCIxC2

RDRF

Receive Data Register Full Flag — RDRF becomes set when a character transfers from the receive shifter into
the receive data register (SCIxD). To clear RDRF, read SCIxS1 with RDRF = 1 and then read the SCI data
register (SCIxD).

0 Receive data register empty.

1 Receive data register full.

IDLE

Idle Line Flag — IDLE is set when the SCI receive line becomes idle for a full character time after a period of
activity. When ILT = 0, the receiver starts counting idle bit times after the start bit. So if the receive character is
all 1s, these bit times and the stop bit time count toward the full character time of logic high (10 or 11 bit times
depending on the M control bit) needed for the receiver to detect an idle line. When ILT = 1, the receiver doesn’t
start counting idle bit times until after the stop bit. So the stop bit and any logic high bit times at the end of the
previous character do not count toward the full character time of logic high needed for the receiver to detect an
idle line.

To clear IDLE, read SCIxS1 with IDLE = 1 and then read the SCI data register (SCIxD). After IDLE has been
cleared, it cannot become set again until after a new character has been received and RDRF has been set. IDLE
will get set only once even if the receive line remains idle for an extended period.

0 No idle line detected.

1 Idle line was detected.

Receiver Overrun Flag — OR is set when a new serial character is ready to be transferred to the receive data
register (buffer), but the previously received character has not been read from SCIXD yet. In this case, the new
character (and all associated error information) is lost because there is no room to move it into SCIxD. To clear
OR, read SCIxS1 with OR = 1 and then read the SCI data register (SCIxD).

0 No overrun.

1 Receive overrun (new SCI data lost).

Noise Flag — The advanced sampling technique used in the receiver takes seven samples during the start bit
and three samples in each data bit and the stop bit. If any of these samples disagrees with the rest of the samples
within any bit time in the frame, the flag NF will be set at the same time as the flag RDRF gets set for the
character. To clear NF, read SCIxS1 and then read the SCI data register (SCIxD).

0 No noise detected.

1 Noise detected in the received character in SCIxD.

MC9S08SH8 MCU Series Data Sheet, Rev. 3
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Chapter 14 Serial Communications Interface (S08SCIV4)

14.3.5.2 Stop Mode Operation
During all stop modes, clocks to the SCI module are halted.

In stopl and stop2 modes, all SCI register datais lost and must be re-initialized upon recovery from these
two stop modes. No SCI module registers are affected in stop3 mode.

The receive input active edge detect circuit is still active in stop3 mode, but not in stop2. . An active edge
on the receive input brings the CPU out of stop3 mode if the interrupt is not masked (RXEDGIE = 1).

Note, because the clocks are halted, the SCI module will resume operation upon exit from stop (only in
stop3 mode). Software should ensure stop mode is not entered while there is a character being transmitted
out of or received into the SCI module.

14.3.5.3 Loop Mode

When LOOPS = 1, the RSRC hit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Loop mode is sometimes used to check software, independent of
connectionsin the external system, to help isolate system problems. In this mode, the transmitter output is
internally connected to the receiver input and the RxD pin is not used by the SCI, so it revertsto a
general-purpose port I/O pin.

14.3.5.4 Single-Wire Operation

When LOOPS = 1, the RSRC hit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Single-wire mode is used to implement a half-duplex serial connection.
Thereceiver isinternally connected to the transmitter output and to the TxD pin. The RxD pinisnot used
and reverts to a general-purpose port 1/O pin.

In single-wire mode, the TXDIR bit in SCIXC3 controlsthe direction of seria data on the TxD pin. When
TXDIR =0, the TxD pinisan input to the SCI receiver and the transmitter is temporarily disconnected
fromthe TxD pin so an external device can send serial datato the receiver. When TXDIR = 1, the TxD pin
isan output driven by the transmitter. In single-wire mode, the internal loop back connection from the
transmitter to the receiver causes the receiver to receive characters that are sent out by the transmitter.
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY o DIVIDE BY ‘ g/lFf\lSTER
> 1,2,3,4,5,6,7,0r8 2,4,8, 16, 32, 64, 128, or 256 > BT RATE
A A
| seer2sPPRi:sPPRO | | SPR2:SPR1:SPRO

Figure 15-4. SPI Baud Rate Generation

15.2 External Signal Description

The SPI optionally sharesfour port pins. The function of these pins depends on the settings of SPI control
bits. When the SPI isdisabled (SPE = 0), these four pinsrevert to being general-purpose port 1/O pinsthat
are not controlled by the SPI.

15.2.1 SPSCK — SPI Serial Clock

When the SPI is enabled as aslave, this pinisthe serial clock input. When the SPI is enabled as a master,
thispin isthe seria clock output.

15.2.2 MOSI — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pinisthe serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional datal/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPC0 = 1 and slave mode is
selected, this pinis not used by the SPI and reverts to being a general-purpose port 1/0 pin.

15.2.3 MISO — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO) is 0 (not bidirectional mode), this
pin isthe serial datainput. When the SPI is enabled as a slave and SPCO = 0, this pin isthe serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is selected, this pin becomes
the bidirectional datal/O pin (SISO) and the bidirectional mode output enable bit determines whether the
pin actsasan input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master modeis selected,
this pinis not used by the SPI and reverts to being a general-purpose port 1/O pin.

15.2.4 SS — Slave Select

When the SPI is enabled as a dave, this pin isthe low-true slave select input. When the SPI is enabled as
amaster and mode fault enable is off (MODFEN = 0), thispin is not used by the SPI and reverts to being
ageneral-purpose port 1/0 pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determines whether this pin acts as the mode fault input (SSOE = 0) or asthe slave select
output (SSOE = 1).
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Chapter 16 Timer/PWM Module (S08TPMV3)

When the TPM is configured for center-aligned PWM (and ELSnB:ELSnA not = 0:0), the data direction
for all channels in this TPM are overridden, the TPMxCHDn pins are forced to be outputs controlled by the
TPM, and the ELSnA bits control the polarity of each TPMxCHn output. If ELSnB:ELSnA=1:0, the
corresponding TPMxCHn pin is cleared when the timer counter is counting up, and the channel value
register matches the timer counter; the TPMxCHDn pin is set when the timer counter is counting down, and
the channel value register matches the timer counter. If ELSnA=1, the corresponding TPMxCHn pin is set
when the timer counter is counting up and the channel value register matches the timer counter; the
TPMxCHn pin is cleared when the timer counter is counting down and the channel value register matches
the timer counter.

TPMxMODH:TPMxMODL = 0x0008
TPMxCnVH:TPMxCnVL = 0x0005

TPMXCNTHTPMXCNTL [ . | 7[ 8] 7[6|5[4a[3[2]1]of1]2[3[a[s5]6[7[8]7[6][5]..]
| |
TPMXCHn : ! |
CHNF BIT I | : I
T 1 |
TOF BIT : X :

Figure 16-5. High-True Pulse of a Center-Aligned PWM

TPMXMODH: TPMxMODL = 0x0008
TPMxCnVH: TPMxCnVL = 0x0005

rewenTHiTPMXCNTL [T 7] 8] 765 [a 3]zl o]tz s e s e 7 s [7 e 5[]
TPMxCHn ' ! |
| | —
CHnF BIT ! | ' i
T 1 I |
TOF BIT : | :

Figure 16-6. Low-True Pulse of a Center-Aligned PWM
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Table A-12. ADC Characteristics

Appendix A Electrical Characteristics

Characteristic Conditions C Symb Min Typ' Max Unit Comment
Supply current ADLPC=1 T Ipp *+ — 133 — LA ADC current
ADLSMP=1 lDDAD Only
ADCO=1
Supply current ADLPC=1 T Ipp + — 218 — HA ADC current
ADLSMP=0 IDDAD Only
ADCO=1
Supply current ADLPC=0 T Ipp *+ — 327 — UA ADC current
ADLSMP=1 IDDAD Only
ADCO=1
Supply current ADLPC=0 P Ipp + — 0.582 1 mA ADC current
ADLSMP=0 IbbAD only
ADCO=1
ADC High speed (ADLPC=0) 2 3.3 5 ¢ _
asynchronous P | f MHz ADACK —
clock source Low power (ADLPC=1) ADACK1 125 2 3.3 1fapack
Conversion time Short sample (ADLSMP=0) — 20 —
(including sample D t ADCK See ADC
ADC ee
: = — _ cycles
time) Long sample (ADLSMP=1) 40 Chapter for
. _ . Il conversion
Sample time Short sample (ADLSMP=0) 5 t 35 ADCK | time variances
- ADS _ . cycles
Long sample (ADLSMP=1) 23.5
Total unadjusted 10 bit mode — +1.5 +3.5 LSB?
error (Includes - P Etue >
quantization) 8 bit mode — 0.7 1.5 LSB
Differential 10 bit mode — 0.5 1.0 5
Non-Linearity : P DNL LSB
8 bit mode — 0.3 +0.5
Monotonicity and No-Missing-Codes guaranteed
Integral 10 bit mode — +0.5 +1.0 5
non-linearity : T INL LSB
8 bit mode — +0.3 +0.5
Zero-scale error 10 bit mode — 1.5 2.5
P Ezs LSB?
8 bit mode — 0.5 0.7
Full-scale error 10 bit mode 0 1.0 15 5
(V =V, ) T EFS LSB
ADIN ™ 7DD 8 bit mode 0 105 | 05
Quantization error | 10 bit mode — — +0.5
D Eq LSB?
8 bit mode — — +0.5
Input leakage error | 10 bit mode 0 0.2 125 Pad leakage?*
D = LSB? Ras
8 bit mode 0 0.1 1

MC9S08SH8 MCU Series Data Sheet, Rev. 3

Freescale Semiconductor

307




S : @ﬂ h ZﬂgXOOﬂfORCM%FT e
‘ b HHAHRA AT H
L f VAV
A @ ‘
v R
(N0 15T UG 228
AN
L )
I I Ha Il
B

© FREESCALE SEMICONDUCTOR,
ALL RIGHTS RESERVED.

INC.

MECHANTCAL OUTL INE

PRINT VERSION NOT TO SCALE

TITLE:

c0 LD TSSOP, PITCH 0.65MM

DOCUMENT NI S8ASH/0169A

REV: C

CASE NUMBER: S48E-0¢2

25 MAY 2005

STANDARD: JEDEC




