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Chapter 1

Device Overview

The MC9S08SG32 devices are members of the low-cost, high-performance HCS08 family of 8-bit

microcontroller units (MCUSs). The MC9S08SG32 Series high-temperature devices have been qualified to

meet or exceed AEC Grade 0 requirementsto allow them to operate up to 150 °C T». All MCUsin the

family use the enhanced HCSO08 core and are available with avariety of modules, memory sizes, memory
types, and package types.

1.1 Devices in the MC9S08SG32 Series

Table 1-1 summarizes the feature set available in the MC9S08SG32 series of MCUSs.
Table 1-1. MC9S08SG32 Series Features by MCU and Package

Feature MC9S08SG32 MC9S08SG16
FLASH size (bytes) 32768 16384
RAM size (bytes) 1024 1024
Pin quantity 28 | 20 | 16 | 28 | 20 | 16
ACMP yes yes
ADC channels 16 | 12 | 8 16 | 12 | 8
DBG yes yes
ICS yes yes
Ic yes yes
MTIM yes yes
Pin Interrupts 8 8
Pin /0 22 | 16 | 12 | 22 [ 16 | 12
RTC yes yes
SCI yes yes
SPI yes yes
TPM1 channels yes yes
TPM2 channels yes yes
XOSC yes yes
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Chapter 1 Device Overview

1.2 MCU Block Diagram
The block diagram in Figure 1-1 shows the structure of the MC9S08SG32 Series MCU.

» BKGD/MS
< » RESET
HCS08 CORE
DEBUG MODULE (DBG) ——
BD
CPU C ~<«—> PTA6/TPM2CHO
8-BIT MODULO TIMER TCLK
HCS08 SYSTEM CONTROL MODULE (MTIM)
<<
RESETS AND INTERRUPTS soL I |« PTAI/PIA3/SCLIADP3
MODES OF OPERATION OMODULE(IG) [ o |Z
POWER MANAGEMENT SDA <> PTA2/PIA2/SDA/ACMPO/ADP2
o s - <«—> PTA1/PIA1/TPM2CHO/ADP1/ACMP-
<3|3T> l€—> PTAO/PIAO/TPM1CHOTCLK/ADPO/ACMP:+
SERIAL PERIPHERAL 03
= -
USER FLASH INTERFACE MODULE (SP) [< =
[
(MC9S08SG32 = 32,768 —
BYTES)(MC9S08SG16 = 16,384
SERIAL COMMUNICATIONS | _ RxD <¢—>» PTB7/SCL/EXTAL
-~ | <—» PTB6/SDAXTAL
INTERFACE MODULE (SCI) | TxD ~ -
USER RAM > > PTBS/TPMICH1/SS
(MC9S08SG32 = 1024 BYTES) TOLK o [ PTBATRMECHIMISO
(MC9S085G16 = 1024 BYTES) 16-BIT TIMER/PWM TPM1CHO 'g ~<——> PTB3/PIBIMOSIADP7
MODULE (TPM1) g
REALTIVE COUNTER (TC) TPM1CHI <—> PTB2/PIB2/SPSCK/ADPS
o ~—> PTB1/PIB1/TXD/ADP5
e S— >
40-MHz INTERNAL GLOCK 16-BIT TIMER/PWM TPM2CHO PTBOPIBORXD/ADP4
SOURCE (ICS) |1 PM2LHO
_________ MODULE (TPM2) TPM2CH . L
P
LOW-POWER OSCILLATOR
31.25 kHz to 38.4 kHz LXTAL ACMPO —
1 MHz to 16 MHz XTAL
(XOSC) L 7| ANALOG COMPARATOR | ACMP- |«—> PTC7/ADP15
y > (ACMP) | ACMP: |<«—» PTCO/ADP14
ss <—> PTC5/ADP13
Voo VOLTAGE REGULATOR 10-BIT ADPI5-ADPO | |—3 PTC4/ADP12
— > S ANALOG-TO-DIGITAL < fE |<«—> PTC3/ADP11
Voon'VReFH Vooa CONVERTER (ADC) S . A > QA D
VsV, A
SSA'VREFL zSSA ~—>» PTC1/TPMICH1/ADPY
A
REFH ~«—> PTCO/TPM1CHO/ADP8
VREFL
NOTE —

PTC7-PTCO and PTA7-PTAG are not available on 16-pin Packages
PTC7-PTC4 and PTA7-PTAG are not available on 20-pin Packages

¢ For the 16-pin and 20-pin packages: Vppa/VRerH and Vgsa/VRerL are
double bonded to Vpp and Vgg respectively.

A =Pin can be enabled as part of the ganged output drive feature

Figure 1-1. MC9S08SG32 Series Block Diagram
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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 MC9S08SG32
Seriesis 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 isinitialy 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.

35 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 11, “Internal Clock Source (SO8ICSV2),” for more information.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 6 Par

allel Input/Output Control

6.6.1.3 Port A Pull Enable Register (PTAPE)
7 6 5 4 3 2 1 0
PTAPEY PTAPEG6 R R PTAPES3 PTAPE2 PTAPE1 PTAPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-5. Internal Pull Enable for Port A Register (PTAPE)
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
7:5,3:0 device is enabled for the associated PTA pin. For port A pins that are configured as outputs, these bits have no
PTAPE[7:5, |effect and the internal pull devices are disabled.
3:0] 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.
5:4 Reserved Bits — These bits are unused on this MCU, writes have no affect and could read as 1s or 0s.
Reserved
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured to detect
rising edges.
6.6.1.4 Port A Slew Rate Enable Register (PTASE)
7 6 5 4 3 2 1 0
R
PTASE7 PTASEG6 R R PTASE3 PTASE2 PTASE1 PTASEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-6. Slew Rate Enable for Port A Register (PTASE)
Table 6-5. PTASE Register Field Descriptions
Field Description
Output Slew Rate Enable for Port A Bits — Each of these control bits determines if the output slew rate control
7:5,3:0 is enabled for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
PTASE[7:5, |0 Output slew rate control disabled for port A bit n.
3:0] 1 Output slew rate control enabled for port A bit n.
5:4 Reserved Bits — These bits are unused on this MCU, writes have no affect and could read as 1s or 0s.
Reserved

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 7
Central Processor Unit (S08CPUV3)

7.1 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).

7.1.1 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

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 7 Central Processor Unit (SO8CPUV3)

7.3  Addressing Modes

Addressing modes define the way the CPU accesses operands and data. In the HCS08, all memory, status
and control registers, and input/output (1/0) ports share asingle 64-Kbyte linear address space so a 16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructionsthat accessvariablesin RAM can al so be used to access 1/0O and control registersor nonvolatile
program space.

Some instructions use more than one addressing mode. For instance, moveinstructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such asBRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify thelocation
of an operand for atest and then use relative addressing mode to specify the branch destination address
when the tested condition istrue. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode isimplied for the branch destination.

7.3.1 Inherent Addressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU
registers so the CPU does not need to access memory to get any operands.

7.3.2 Relative Addressing Mode (REL)

Relative addressing mode is used to specify the destination location for branch instructions. A signed 8-bit
offset valueislocated in the memory location immediately following the opcode. During execution, if the
branch condition istrue, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction isincluded in the object
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand,
the high-order byteislocated in the next memory location after the opcode, and the low-order byteis
located in the next memory location after that.

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an addressin the direct page
(Ox0000—0x00FF). During execution a 16-bit addressis formed by concatenating an implied 0x00 for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where

the desired operand islocated. Thisisfaster and more memory efficient than specifying a complete 16-bit
address for the operand.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

8.5  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 1/0

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]

8.6 Memory Map

8.6.1 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 (SOBADC10V1)

— By using the calculated value of Vpp, convert the digital value of AD26 into avoltage, Vrgvp

Equation 9-1 provides an approximate transfer function of the temperature sensor.
Temp = 25 - ((Vremp -V1emP25) + M) Egn. 9-1

where:
— Vremp isthevoltage of the temperature sensor channel at the ambient temperature.
— V1empzs IS the voltage of the temperature sensor channel at 25°C.
— misthe hot or cold voltage versus temperature slopein V/°C.

For temperature calculations, use the V1gypos and m values from the ADC Electricals table.

In application code, the user reads the temperature sensor channel, calculates V gy p and compares to
V1empezs If Vremp is greater than Veypos the cold slope value is applied in Equation 9-1. If Vgypis
less than V1gypos the hot slope value is applied in Equation 9-1. To improve accuracy the user should
calibrate the bandgap voltage reference and temperature sensor.

Calibrating at 25°C will improve accuracy to + 4.5°C.

Calibration at three points, -40°C, 25°C, and 125°C will improve accuracy to + 2.5°C. Once calibration
has been compl eted, the user will need to calcul ate the slope for both hot and cold. In application code, the
user would then calculate the temperature using Equation 9-1 as detailed above and then determine if the
temperature is above or below 25°C. Once determined if the temperatureis above or below 25°C, the user
can recal cul ate the temperature using the hot or cold slope value obtained during calibration.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

Table 9-5. ADCSC2 Register Field Descriptions (continued)

Field Description

5 Compare Function Enable — Enables the compare function.
ACFE 0 Compare function disabled
1 Compare function enabled

4 Compare Function Greater Than Enable — Configures the compare function to trigger when the result of the
ACFGT conversion of the input being monitored is greater than or equal to the compare level. The compare function
defaults to triggering when the result of the compare of the input being monitored is less than the compare level.
0 Compare triggers when input is less than compare level
1 Compare triggers when input is greater than or equal to compare level

9.3.3 Data Result High Register (ADCRH)

In 10-bit operation, ADCRH contains the upper two bits of 10-bit conversion data. In 10-bit mode,
ADCRH is updated each time a conversion compl etes except when automatic compareis enabled and the
compare condition is not met. When configured for 8-bit mode, ADR[9:8] are cleared.

When automatic compare is not enabled, the value stored in ADCRH are the upper bits of the conversion
result. When automatic compare is enabled, the conversion result is manipulated as described in
Section 9.4.5, “Automatic Compare Function” prior to storagein ADCRH:ADCRL registers.

In 10-bit mode, reading ADCRH prevents the ADC from transferring subsequent conversion datainto the
result registers until ADCRL isread. If ADCRL isnot read until after the next conversion is completed,
theintermediate conversion dataislost. In 8-bit mode, thereisno interlocking with ADCRL. If the MODE
bits are changed, any datain ADCRH becomesinvalid.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 ADR9 ADRS8
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-5. Data Result High Register (ADCRH)

9.34 Data Result Low Register (ADCRL)

ADCRL containsthelower eight bitsof a10-bit conversion data, and all eight bitsof 8-bit conversion data.
ADCRL isupdated each time a conversion completes except when automatic compare is enabled and the
compare condition is not met.

When automatic compare is not enabled, the value stored in ADCRL is the lower eight bits of the
conversion result. When automatic compare is enabled, the conversion result is manipulated as described
in Section 9.4.5, “Automatic Compare Function” prior to storagein ADCRH:ADCRL registers.

In 10-bit mode, reading ADCRH prevents the ADC from transferring subsequent conversion datainto the
result registers until ADCRL isread. If ADCRL isnot read until the after next conversion is completed,

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 10 Inter-Integrated Circuit (S08IICV2)

10.1.2 Features

The 11C includes these distinctive features:

Compatible with 11C 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

10.1.3 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.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 11
Internal Clock Source (S08ICSV2)

11.1 Introduction

Theinternal clock source (ICS) module provides clock source choicesfor the MCU. The module contains
afrequency-locked loop (FLL) as aclock source that is controllable by either an internal or an external
reference clock. The module can provide this FLL clock or either of the internal or external reference
clocks as a source for the MCU system clock. There are also signals provided to control alow power
oscillator (XOSC) moduleto allow the use of an external crystal/resonator asthe external reference clock.

Whichever clock sourceischosen, it is passed through areduced bus divider (BDIV) which alows alower
final output clock frequency to be derived.

The bus frequency will be one-half of the ICSOUT frequency. After reset, the ICS is configured for FEI
mode and BDIV isreset to 0:1 to introduce an extra divide-by-two before ICSOUT so the bus frequency
isfyco/4. At POR, the TRIM and FTRIM settings are reset to 0x80 and O respectively so the dco frequency
isfyco ut- FOr other resets, the trim settings keep the value that was present before the reset.

NOTE

Refer to Section 1.3, “System Clock Distribution for a detailed view of the
distribution of clock sources throughout the MCU.

11.1.1 Module Configuration

When the internal reference is enabled in stop mode (IREFSTEN = 1), the voltage regulator must also be
enabled in stop mode by setting the LVDE and LV DSE bits in the SPM SC1 register.

Figure 11-1 shows the MC9S08SG32 block diagram with the ICS highlighted.

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 11 Internal Clock Source (S08ICSV2)

The CLK S bits can aso be changed at anytime, but the RDIV bits must be changed simultaneously so that
the resulting frequency staysin the range of 31.25 kHz to 39.0625 kHz. The actual switch to the newly
selected clock will not occur until after afew full cycles of the new clock. If the newly selected clock is
not available, the previous clock will remain selected.

11.4.3 Bus Frequency Divider

The BDIV bits can be changed at anytime and the actual switch to the new frequency will occur
immediately.

11.4.4 Low Power Bit Usage

Thelow power bit (LP) isprovided to allow the FLL to be disabled and thus conserve power when it is not
being used. However, in some applications it may be desirable to enable the FLL and allow it to lock for
maximum accuracy before switching to an FLL engaged mode. Do this by writing the LP bit to 0.

11.4.5 Internal Reference Clock

When IRCLKEN is set the internal reference clock signal will be presented as ICSIRCLK, which can be
used as an additional clock source. The ICSIRCLK frequency can be re-targeted by trimming the period
of theinternal reference clock. This can be done by writing a new value to the TRIM bitsin the ICSTRM
register. Writing alarger value will slow down the ICSIRCLK frequency, and writing a smaller value to
the ICSTRM register will speed up the ICSIRCLK frequency. The TRIM bits will effect the ICSOUT
frequency if the ICSisin FLL engaged internal (FEI), FLL bypassed internal (FBI), or FLL bypassed
internal low power (FBILP) mode. The TRIM and FTRIM value will not be affected by areset.

Until ICSIRCLK istrimmed, programming low reference divider (RDIV) factors may result in ICSOUT
frequencies that exceed the maximum chip-level frequency and violate the chip-level clock timing
specifications (see the Device Overview chapter).

If IREFSTEN is set and the IRCLKEN bit iswritten to 1, the internal reference clock will keep running
during stop mode in order to provide afast recovery upon exiting stop.

All MCU devices are factory programmed with atrim value in areserved memory location
(NVTRIM:NVFTRIM). This value can be copied to the ICSTRM register during reset initialization. The
factory trim value includes the FTRIM bit. For finer precision, the user can trim the internal oscillator in
the application to take in account small differences between the factory test setup and actual application
conditions.

11.4.6 Optional External Reference Clock

The ICS module can support an external reference clock with frequencies between 31.25 kHz to 5 MHz
in all modes. When the ERCLKEN is set, the external reference clock signal will be presented as
ICSERCLK, which can be used as an additional clock source. When IREFS = 1, the external reference
clock will not be used by the FLL and will only be used as | CSERCLK. In these modes, the frequency can
be equal to the maximum frequency the chip-level timing specifications will support (see the Device
Overview chapter).

MC9S08SG32 Data Sheet, Rev. 8

182 Freescale Semiconductor



Chapter 12 Modulo Timer (SO8MTIMV1)

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 Overflow 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 Overflow 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.
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Chapter 14 Serial Communications Interface (S08SCIV4)
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

Table 15-1. SPIC1 Field Descriptions (continued)

Field Description
4 Master/Slave Mode Select
MSTR 0 SPI module configured as a slave SPI device
1 SPI module configured as a master SPI device
3 Clock Polarity — This bit effectively places an inverter in series with the clock signal from a master SPI or to a
CPOL slave SPI device. Refer to Section 15.5.1, “SPI Clock Formats” for more details.
0 Active-high SPI clock (idles low)
1 Active-low SPI clock (idles high)
2 Clock Phase — This bit selects one of two clock formats for different kinds of synchronous serial peripheral
CPHA devices. Refer to Section 15.5.1, “SPI Clock Formats” for more details.
0 First edge on SPSCK occurs at the middle of the first cycle of an 8-cycle data transfer
1 First edge on SPSCK occurs at the start of the first cycle of an 8-cycle data transfer
1 Slave Select Output Enable — This bit is used in combination with the mode fault enable (MODFEN) bit in
SSOE SPCR2 and the master/slave (MSTR) control bit to determine the function of the SS pin as shown in Table 15-2.
0 LSB First (Shifter Direction)
LSBFE 0 SPI serial data transfers start with most significant bit

1 SPI serial data transfers start with least significant bit

Table 15-2. SS Pin Function

MODFEN SSOE Master Mode Slave Mode
0 0 General-purpose 1/0O (not SPI) Slave select input
0 1 General-purpose 1/0O (not SPI) Slave select input
1 0 SS input for mode fault Slave select input
1 1 Automatic SS output Slave select input

NOTE

Ensurethat the SPI should not be disabled (SPE=0) at the sametime asabit changeto the CPHA bit. These
changes should be performed as separate operations or unexpected behavior may occur.

15.4.2

SPI Control Register 2 (SPIC2)

This read/write register is used to control optional features of the SPI system. Bits 7, 6, 5, and 2 are not

implemented and always read 0.
5 4 3 2 1 0
R 0 0 0 0
MODFEN BIDIROE SPISWAI SPCO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 15-6. SPI Control Register 2 (SPIC2)
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Chapter 16 Timer/PWM Module (SO8TPMV3)

The TPM channels are programmable independently as input capture, output compare, or edge-aligned
PWM channels. Alternately, the TPM can be configured to produce CPWM outputson all channels. When
the TPM is configured for CPWMSs, the counter operates as an up/down counter; input capture, output
compare, and EPWM functions are not practical.

If achannel is configured asinput capture, an internal pullup device may be enabled for that channel. The
details of how amodule interacts with pin controls depends upon the chip implementation because the I/0O
pins and associated general purpose I/O controls are not part of the module. Refer to the discussion of the
I/O port logic in afull-chip specification.

Because center-aligned PWMs are usually used to drive 3-phase AC-induction motors and brushless DC
motors, they are typically used in sets of three or six channels.

16.2 Signal Description

Table 16-2 shows the user-accessible signals for the TPM. The number of channels may be varied from
one to eight. When an external clock isincluded, it can be shared with the same pin as any TPM channel;
however, it could be connected to a separate input pin. Refer to the 1/0 pin descriptions in full-chip
specification for the specific chip implementation.

Table 16-2. Signal Properties

Name Function

EXTCLK! External clock source which may be selected to drive the TPM counter.

TPMxCHnN? 1/0O pin associated with TPM channel n

1 When preset, this signal can share any channel pin; however depending upon full-chip
implementation, this signal could be connected to a separate external pin.

2 np=channel number (1 to 8)

Refer to documentation for the full-chip for details about reset states, port connections, and whether there
isany pullup device on these pins.

TPM channel pins can be associated with general purpose /0 pins and have passive pullup deviceswhich
can be enabled with a control bit when the TPM or general purpose I/O controls have configured the
associated pin as an input. When no TPM function is enabled to use a corresponding pin, the pin reverts
to being controlled by general purpose 1/0 controls, including the port-data and data-direction registers.
Immediately after reset, no TPM functions are enabled, so all associated pinsrevert to general purpose 1/0
control.

16.2.1 Detailed Signal Descriptions

This section describes each user-accessible pin signal in detail. Although Table 16-2 grouped all channel
pins together, any TPM pin can be shared with the external clock source signal. Since 1/0O pinlogic is not
part of the TPM, refer to full-chip documentation for a specific derivative for more details about the
interaction of TPM pin functions and general purpose 1/0O controlsincluding port data, datadirection, and
pullup controls.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

16.4.1.3 Counting Modes

Themain timer counter hastwo counting modes. When center-aligned PWM is selected (CPWM S=1), the
counter operates in up/down counting mode. Otherwise, the counter operates as a simple up counter. As
an up counter, the timer counter counts from 0x0000 through its terminal count and then continues with
0x0000. The terminal count is OXFFFF or a modulus value in TPMxXMODH: TPMxMODL.

When center-aligned PWM operation is specified, the counter counts up from 0x0000 through itsterminal
count and then down to 0x0000 where it changes back to up counting. Both 0x0000 and the terminal count
value are normal length counts (one timer clock period long). In this mode, the timer overflow flag (TOF)
becomes set at the end of the terminal-count period (as the count changes to the next lower count value).

16.4.1.4 Manual Counter Reset

The main timer counter can be manually reset at any time by writing any value to either half of
TPMxXCNTH or TPMXCNTL. Resetting the counter in this manner also resets the coherency mechanism
in case only half of the counter was read before resetting the count.

16.4.2 Channel Mode Selection

Provided CPWM S=0, the MSnB and MSnA control bitsin the channel n status and control registers
determine the basic mode of operation for the corresponding channel. Choices include input capture,
output compare, and edge-aligned PWM.

16.4.2.1 Input Capture Mode

With the input-capture function, the TPM can capture the time at which an external event occurs. When an
active edge occurson the pin of aninput-capture channel, the TPM latchesthe contents of the TPM counter
into the channel-value registers (TPMxCnVH: TPMxCnVL). Rising edges, falling edges, or any edge may
be chosen as the active edge that triggers an input capture.

In input capture mode, the TPMxCnVH and TPMXCnVL registers are read only.

When either half of the 16-bit capture register is read, the other half islatched into a buffer to support
coherent 16-bit accesses in big-endian or little-endian order. The coherency sequence can be manually
reset by writing to the channel status/control register (TPMxCnSC).

Aninput capture event sets aflag bit (CHnF) which may optionally generate a CPU interrupt request.

Whilein BDM, theinput capture function works as configured by the user. When an external event occurs,
the TPM latches the contents of the TPM counter (which is frozen because of the BDM mode) into the
channel value registers and sets the flag bit.

16.4.2.2 Output Compare Mode

With the output-compare function, the TPM can generate timed pulses with programmabl e position,
polarity, duration, and frequency. When the counter reaches the value in the channel-value registers of an
output-compare channel, the TPM can set, clear, or toggle the channel pin.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

BDM mode returns the latched value of TPMXCNTH:L from the read buffer instead of the
frozen TPM counter value.

— Thisread coherency mechanism is cleared in TPM v3in BDM mode if thereisawrite to
TPMxSC, TPMXCNTH or TPMXCNTL. Instead, in these conditionsthe TPM v2 does not clear
this read coherency mechanism.

Read of TPMXCnVH:L registers (Section 16.3.5, “TPM Channel Value Registers

(TPMXCNnVH:TPMxXCnVL))

— InTPM v3, any read of TPMXCnVH:L registers during BDM mode returns the value of the
TPMXCnVH:L register. In TPM v2, if only one byte of the TPMxCnVH:L registers was read
before the BDM mode became active, then any read of TPMXCnVH:L registers during BDM
mode returns the latched value of TPMxCNTH:L from the read buffer instead of the valuein
the TPMXCnVH:L registers.

— Thisread coherency mechanism is cleared in TPM v3in BDM mode if thereisawrite to
TPMxCnSC. Instead, in this condition the TPM v2 does not clear this read coherency
mechanism.

. Writeto TPMXCnVH:L registers

— Input Capture Mode (Section 16.4.2.1, “ Input Capture Mode)

In this mode the TPM v3 does not allow the writesto TPMXCnVH:L registers. Instead, the
TPM v2 alows these writes.

— Output Compare Mode (Section 16.4.2.2, “ Output Compare Mode)
In this mode and if (CLKSB:CLKSA not = 0:0), the TPM v3 updates the TPMxCnVH:L
registers with the value of their write buffer at the next change of the TPM counter (end of the
prescaler counting) after the second byte iswritten. Instead, the TPM v2 always updates these
registers when their second byte is written.

The following procedure can be used in the TPM v3 to verify if the TPMXCnVH:L registers
were updated with the new value that was written to these registers (value in their write buffer).

write the new value to TPMXCnVH:L;
read TPMxCnVH and TPMxCnVL registers;
while (the read value of TPMXCnVH:L is different from the new value written to
TPMxCnVH:L)
begin
read again TPMxCnVH and TPMxCnVL,;
end

In this point, the TPMXCnVH:L registers were updated, so the program can continue and, for
example, write to TPMxCOSC without cancelling the previous write to TPMxCnVH:L
registers.

— Edge-Aligned PWM (Section 16.4.2.3, “Edge-Aligned PWM Mode)

In thismode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L
registers with the value of their write buffer after that the both bytes were written and when the
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Appendix B Ordering Information and Mechanical Drawings

The following pages are mechanical specifications for MC9S08SG32 Series package options. See
Table B-2 for the document number for each package type.

Table B-2. Package Information

Pin Count Type Designator Document No.
28 TSSOP TL 98ARS23923W
20 TSSOP TJ 98ASH70169A
16 TSSOP TG 98ASH70247A
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