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The following revision history table summarizes changes contained in this document.

Revision Revision oo
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2 10/2007 . L .
Also, revised the order numbering information.
Updated some electricals and made some minor grammatical/formatting revi-
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3 5/2008 : . '
ature sensor value from the Features section. Updated the package information
with a special mask set identifier.
4 5/2008 Added the EMC Radiated Emissions data. Removed the Susceptibility Data.
Updated the Corporate addresses on the back cover.
5 03/2009 Added the High Temperature Device Specifications and updated the charts.
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25 C-150 Cadded Control Timing table row 2 to separate standard characteris-
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6 04/2009 to the text of footnote 3 for Table B-1 Device Numbering System. Added notes to
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pins and consequently no APCTL3 register. Updated the Literature Request
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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

1.3

System Clock Distribution

Figure 1-2 showsasimplified clock connection diagram. Some modulesin the M CU have sel ectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function.

The following defines the clocks used in this MCU:

BUSCLK — The frequency of the busis always half of ICSOUT.
ICSOUT — Primary output of the ICS and is twice the bus frequency.

|CSLCLK — Development tool s can select this clock sourceto speed up BDC communicationsin
systems where the bus clock is configured to run at a very slow frequency.

ICSERCLK — External reference clock can be selected as the RTC clock source and as the
alternate clock for the ADC module.

ICSIRCLK — Internal reference clock can be selected as the RTC clock source.

|CSFFCLK — Fixed frequency clock can be selected as clock source for the TPM 1, TPM2 and
MTIM modules.

LPOCLK — Independent 1-kHz clock source that can be selected as the clock source for the COP
and RTC modules.

TCLK — External input clock sourcefor TPM1, TPM2 and MTIM and isreferenced as TPMCLK
in TPM chapters.

TCLK ? i *
‘L‘;"'OZ LPOCLK Rrc | | cop || TPM1 TPM2 MTIM scl SPI
ICSERCLK T
ICSIRCLK
ICS ICSFFCLK FFCLK*
] e
>
ICSOUT (] BUSCLKIi
| v
ICSLCLK
X0SC
CPU BDC ADC lic FLASH
* + ADC has min and max FLASH has frequency
EXTAL XTAL frequency requirements for program
X ) o requirements.See the and erase operation. See
The fixed frequency clock (FFCLK) is internally ADC chapter and the electricals appendix
synchronized to the bus clock and must not exceed one half electricals appendix for for details
of the bus clock frequency. details PP '

Figure 1-2. System Clock Distribution Diagram
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Chapter 2 Pins and Connections

Whenever any reset isinitiated (whether from an external signal or from an internal system), the RESET
pinisdriven low for about 66 bus cycles. The reset circuitry decodes the cause of reset and records it by
setting a corresponding bit in the system reset status register (SRS).

NOTE

» Thispindoesnot contain aclamp diodeto V pp and should not be driven
above VDD'

» Thevoltage measured on theinternally pulled up RESET pinwill not be
pulled to Vpp. Theinternal gates connected to this pin are pulled to
Vpp- If the RESET pinisrequired to driveto aVpp level, an external
pullup should be used.

* InEMC-sensitive applications, an external RC filter isrecommended on
the RESET. See Figure 2-4 for an example.

2.2.4 Background / Mode Select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset (see Section 5.7.2, “ System Background
Debug Force Reset Register (SBDFR),” for more information), the BKGD/MS pin functions as a mode
select pin. Immediately after any reset, the pin functions as the background pin and can be used for
background debug communication. The BKGD/MS pin contains an internal pullup device.

If nothing is connected to this pin, the M CU enters normal operating mode at the rising edge of theinternal
reset after aPOR or force BDC reset. If adebug system is connected to the 6-pin standard background
debug header, it can hold BKGD/M S low during a POR or immediately after issuing a background debug
force reset, which will force the MCU to active background mode.

The BKGD pinisused primarily for background debug controller (BDC) communications using a custom
protocol that uses 16 clock cycles of the target MCU’s BDC clock per bit time. The target MCU’s BDC
clock could be as fast as the maximum bus clock rate, so there must never be any significant capacitance
connected to the BKGD/MS pin that could interfere with background serial communications.

Although the BKGD pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cables and the absolute value of the internal pullup device play almost no rolein determining rise and fall
times on the BKGD pin.

2.2.5 General-Purpose I/O and Peripheral Ports

The MC9S08SG32 Series of MCUSs support up to 22 general-purpose I/O pins which are shared with
on-chip peripheral functions (timers, seria 1/0, ADC, etc.).

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When aport pinis
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-up device. Immediately after reset, all of these pinsare configured as high-impedance general -purpose
inputs with internal pull-up devices disabled.
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Chapter 4 Memory

memory. In addition to programming the FPS bitsto the appropriate value, FPDIS (bit 0 of NV PROT) must
be programmed to logic O to enable block protection. Therefore the value 0xF8 must be programmed into
NVPROT to protect addresses OxFAQ0O through OXFFFF.

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

R R T R lllllllll

Al5 Al14 A13 Al12 All AlO A8 A7 A6 A5 A4 A3 A2 Al AO

Figure 4-4. Block Protection Mechanism

Oneusefor block protection isto block protect an area of 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.

457 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 least some portion but not all of the FLASH
memory must be block protected by programming the NVPROT 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 OxFEQO 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 OXFDEOQ:FDEL are used for the vector
instead of the valuesin the locations OXFFEQ: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 locations, unchanged.

4.6  Security

The MC9S08SG32 Seriesincludes circuitry to prevent unauthorized access to the contents of FLASH and
RAM memory. When security isengaged, 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 are ignored 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
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Chapter 4 Memory

disengages security and the other three combinations engage security. Notice the erased state (1:1) makes
the MCU secure. During development, whenever the FLASH iserased, it isgood practice to immediately
program the SECOO bit to 0 in NVOPT so SEC01:SECO00 = 1:0. Thiswould allow the MCU to remain
unsecured after a subsequent reset.

The on-chip debug module cannot be enabled while the MCU is secure. The separate background debug
controller can still be used for background memory access commands of unsecured resources.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEY EN bit in NVOPT/FOPT is 0, the backdoor key is disabled and there
isno way to disengage security without completely erasing all FLASH locations. If KEYEN is 1, asecure
user program can temporarily disengage security by:

1. Writing 1 to KEYACC in the FCNFG register. This makes the FLASH module interpret writes to
the backdoor comparison key locations (NVBACKKEY through NVBACKKEY +7) as values to
be compared against the key rather than as the first step in a FLASH program or erase command.

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY +7 |ocations.
These writes must be done in order starting with the value for NVBACKKEY and ending with
NVBACKKEY +7. STHX should not be used for these writes because these writes cannot be done
on adjacent bus cycles. User software normally would get the key codes from outside the MCU
system through a communication interface such as a seria 1/0.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was just written matches the
key stored in the FLASH locations, SEC01:SECQ0 are automatically changed to 1:0 and security
will be disengaged until the next reset.

The security key can bewritten only from secure memory (either RAM or FLASH), so it cannot be entered
through background commands without the cooperation of a secure user program.

The backdoor comparison key (NVBACKKEY through NVBACKKEY +7) islocated in FLASH memory
locations in the nonvolatile register space so users can program these locations exactly as they would
program any other FLASH memory location. The nonvolatile registers are in the same 512-byte block of
FLASH asthereset and interrupt vectors, so block protecting that space aso block protects the backdoor
comparison key. Block protects cannot be changed from user application programs, so if the vector space
isblock protected, the backdoor security key mechanism cannot permanently change the block protect,
security settings, or the backdoor key.

Security can always be disengaged through the background debug interface by taking these steps:

1. Disable any block protections by writing FPROT. FPROT can be written only with background
debug commands, not from application software.

2. Masserase FLASH if necessary.

3. Blank check FLASH. Provided FLASH iscompletely erased, security is disengaged until the next
reset.

To avoid returning to secure mode after the next reset, program NVOPT so SEC01:SEC00 = 1:0.
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Chapter 6
Parallel Input/Output Control

This section explains software controls related to parallel input/output (1/0) and pin control. The
MC9OS08SG32 has three parallel 1/0 ports which include atotal of 22 1/0 pins. See Chapter 2, “Pins and
Connections,” for more information about pin assignments and external hardware considerations of these
pins.

Many of these pins are shared with on-chip peripherals such astimer systems, communication systems, or
pin interrupts as shown in Table 2-1. The peripheral modules have priority over the general-purpose |/O
functions so that when a peripheral is enabled, the I/O functions associated with the shared pins are
disabled.

After reset, the shared peripheral functions are disabled and the pins are configured as inputs
(PTxDDn = 0). The pin control functions for each pin are configured as follows:. slew rate disabled
(PTXSEn = 0), low drive strength selected (PTxDSn = 0), and internal pull-ups disabled (PTxPEn = 0).

NOTE

Not al general-purpose I/O pins are available on all packages. To avoid
extra current drain from floating input pins, the user’s reset initialization
routine in the application program must either enable on-chip pull-up
devices or change the direction of unconnected pins to outputs so the pins
do not float.

6.1 Port Data and Data Direction

Reading and writing of parallel 1/0Os are performed through the port data registers. The direction, either
input or output, is controlled through the port data direction registers. The parallel 1/0 port function for an
individual pinisillustrated in the block diagram shown in Figure 6-1.

The data direction control bit (PTxDDn) determines whether the output buffer for the associated pinis
enabled, and also controls the source for port data register reads. The input buffer for the associated pinis
always enabled unless the pin is enabled as an analog function or is an output-only pin.

When ashared digital function is enabled for a pin, the output buffer is controlled by the shared function.
However, the datadirection register bit will continueto control the sourcefor reads of the port dataregister.

When ashared anal og function is enabled for a pin, both the input and output buffers are disabled. A value
of Oisread for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled.
In general, whenever apin is shared with both an alternate digital function and an analog function, the
analog function has priority such that if both the digital and analog functions are enabled, the analog
function controls the pin.
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Chapter 6 Parallel Input/Output Control

6.6.2 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 (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.
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

9.4.7.2 Stop3 Mode With ADACK Enabled

If ADACK is selected as the conversion clock, the ADC continues operation during stop3 mode. For
guaranteed ADC operation, the MCU’s voltage regulator must remain active during stop3 mode. Consult
the module introduction for configuration information for this MCU.

If aconversionisin progresswhenthe MCU enters stop3 mode, it continues until completion. Conversions
can beinitiated while the MCU isin stop3 mode by means of the hardware trigger or if continuous
conversions are enabled.

A conversion complete event setsthe COCO and generates an ADC interrupt to wake the MCU from stop3
mode if the ADC interrupt is enabled (AIEN = 1).

NOTE
The ADC module can wake the system from low-power stop and cause the
MCU to begin consuming run-level currents without generating a system
level interrupt. To prevent this scenario, software should ensure the data
transfer blocking mechanism (discussed in Section 9.4.4.2, “Completing
Conversions) is cleared when entering stop3 and continuing ADC
COnversions.

9.4.8 MCU Stop2 Mode Operation

The ADC moduleisautomatically disabled when the MCU enters either stop2 mode. All moduleregisters
contain their reset values following exit from stop2. Therefore, the module must be re-enabled and
re-configured following exit from stop2.

9.5 Initialization Information

This section gives an example that provides some basic direction on how to initialize and configure the
ADC module. You can configurethe modulefor 8-bit or 10-bit resol ution, single or continuous conversion,
and apolled or interrupt approach, among many other options. Refer to Table 9-7, Table 9-8, and Table 9-9
for information used in this example.

NOTE

Hexadecimal values designated by apreceding 0x, binary values designated
by a preceding %, and decimal values have no preceding character.

9.5.1 ADC Module Initialization Example

9.5.1.1 Initialization Sequence
Before the ADC module can be used to complete conversions, an initialization procedure must be
performed. A typical sequenceis asfollows:

1. Update the configuration register (ADCCFG) to select the input clock source and the divide ratio
used to generate the internal clock, ADCK. Thisregister isalso used for selecting sampletime and
low-power configuration.
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Chapter 11 Internal Clock Source (S08ICSV2)

* CLKSbhitsarewritten to 00

* |IREFShitiswrittento 1

* RDIV bits are written to divide trimmed reference clock to be within the range of 31.25 kHz to
39.0625 kHz.

In FLL engaged internal mode, the ICSOUT clock is derived from the FLL clock, which is controlled by
the internal reference clock. The FLL loop will lock the frequency to 1024 times the reference frequency,
as selected by the RDIV bits. The ICSLCLK isavailable for BDC communications, and the internal
reference clock is enabled.

11.4.1.2 FLL Engaged External (FEE)
The FLL engaged external (FEE) mode is entered when all the following conditions occur:

* CLKSbitsarewritten to 00

* |IREFShitiswrittento O

* RDIV bitsarewritten to divide reference clock to be within the range of 31.25 kHz to 39.0625 kHz
In FLL engaged external mode, the ICSOUT clock is derived from the FLL clock which is controlled by
the external reference clock.The FLL loop will lock the frequency to 1024 times the reference frequency,

as selected by the RDIV bits. The ICSLCLK isavailable for BDC communications, and the external
reference clock is enabled.

11.4.1.3 FLL Bypassed Internal (FBI)

The FLL bypassed internal (FBI) mode is entered when all the following conditions occur:

* CLKShitsarewritten to 01

* |IREFSbhitiswrittento 1.

 BDM modeisactive or LP bitiswrittento O
In FLL bypassed internal mode, the ICSOUT clock is derived from the internal reference clock. The FLL
clock is controlled by the internal reference clock, and the FLL loop will lock the FLL frequency to 1024

times the reference frequency, as selected by the RDIV bits. The ICSLCLK will be available for BDC
communications, and the internal reference clock is enabled.

11.4.1.4 FLL Bypassed Internal Low Power (FBILP)

The FLL bypassed internal low power (FBILP) mode is entered when all the following conditions occur:
* CLKShitsarewritten to 01
* |REFSbhitiswrittento 1.
 BDM modeisnot active and LP bit iswrittento 1

In FLL bypassed internal low power mode, the ICSOUT clock isderived from theinternal reference clock

andtheFLL isdisabled. The | CSLCLK will be not be availablefor BDC communications, and theinternal
reference clock is enabled.
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Chapter 11 Internal Clock Source (S08ICSV2)

If EREFSTEN isset and the ERCLKEN bit iswritten to 1, the external reference clock will keep running
during stop mode in order to provide afast recovery upon exiting stop.

11.4.7 Fixed Frequency Clock

The ICS presents the divided FLL reference clock as ICSFFCLK for use as an additional clock source for
peripheral modules. The ICS provides an output signal (ICSFFE) which indicates when the ICSis
providing ICSOUT frequencies four times or greater than the divided FLL reference clock (ICSFFCLK).
In FLL Engaged mode (FEI and FEE) thisis always true and ICSFFE is always high. In ICS Bypass
modes, | CSFFE will get asserted for the following combinations of BDIV and RDIV values:

- BDIV=00 (divide by 1), RDIV > 010
- BDIV=01 (divide by 2), RDIV > 011
- BDIV=10 (divide by 4), RDIV > 100
. BDIV=11 (divide by 8), RDIV > 101
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Chapter 14 Serial Communications Interface (S08SCIV4)

7 6 5 4 3 2 1 0
R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
w
Reset 0 0 0 0 0 1 0 0
Figure 14-5. SCI Baud Rate Register (SCIBDL)
Table 14-2. SCIBDL Field Descriptions
Field Description
7:0 Baud Rate Modulo Divisor — These 13 bits in SBR[12:0] are referred to collectively as BR, and they set the
SBR[7:0] |modulo divide rate for the SCI baud rate generator. When BR = 0, the SCI baud rate generator is disabled to
reduce supply current. When BR =1 to 8191, the SCI baud rate = BUSCLK/(16xBR). See also BR bits in
Table 14-1.
14.2.2 SCI Control Register 1 (SCIC1)

This read/write register is used to control various optional features of the SCI system.

7 6 5 4 3 2 1 0
R
LOOPS SCISWAI RSRC M WAKE ILT PE PT
w
Reset 0 0 0 0 0 0 0 0
Figure 14-6. SCI Control Register 1 (SCIC1)
Table 14-3. SCIC1 Field Descriptions
Field Description
7 Loop Mode Select — Selects between loop back modes and normal 2-pin full-duplex modes. When
LOOPS LOOPS = 1, the transmitter output is internally connected to the receiver input.
0 Normal operation — RxD and TxD use separate pins.
1 Loop mode or single-wire mode where transmitter outputs are internally connected to receiver input. (See
RSRC bit.) RxD pin is not used by SCI.
6 SCI Stops in Wait Mode
SCISWAI |0 SCI clocks continue to run in wait mode so the SCI can be the source of an interrupt that wakes up the CPU.
1 SCI clocks freeze while CPU is in wait mode.
5 Receiver Source Select — This bit has no meaning or effect unless the LOOPS bit is set to 1. When
RSRC LOOPS = 1, the receiver input is internally connected to the TxD pin and RSRC determines whether this
connection is also connected to the transmitter output.
0 Provided LOOPS =1, RSRC = 0 selects internal loop back mode and the SCI does not use the RxD pins.
1 Single-wire SCI mode where the TxD pin is connected to the transmitter output and receiver input.
4 9-Bit or 8-Bit Mode Select
M 0 Normal — start + 8 data bits (LSB first) + stop.
1 Receiver and transmitter use 9-bit data characters start + 8 data bits (LSB first) + 9th data bit + stop.
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY o DIVIDE BY ‘ gﬂFf\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 (SO8TPMV3)

» Edge-aligned PWM mode

Thevalue of a16-bit modulo register plus 1 setsthe period of the PWM output signal. The channel
valueregister setsthe duty cycle of the PWM output signal. The user may also choose the polarity
of the PWM output signal. Interrupts are available at the end of the period and at the duty-cycle
transition point. This type of PWM signal is called edge-aligned because the leading edges of all
PWM signalsare aligned with the beginning of the period, whichisthe samefor all channelswithin
aTPM.

» Center-aligned PWM mode

Twice the value of a 16-bit modulo register sets the period of the PWM output, and the
channel-value register sets the half-duty-cycle duration. The timer counter counts up until it
reaches the modulo value and then counts down until it reaches zero. As the count matches the
channel value register while counting down, the PWM output becomes active. When the count
matchesthe channel val ue register while counting up, the PWM output becomesinactive. Thistype
of PWM signal is called center-aligned because the centers of the active duty cycle periods for al
channels are aligned with a count value of zero. Thistype of PWM isrequired for types of motors
used in small appliances.

Thisisahigh-level description only. Detailed descriptions of operating modes are in later sections.

16.1.5 Block Diagram

The TPM uses one input/output (1/0) pin per channel, TPMxCHn (timer channel n) where nisthe channel
number (1-8). The TPM sharesits /O pinswith general purpose 1/0 port pins(refer to I/O pin descriptions
in full-chip specification for the specific chip implementation).

Figure 16-2 shows the TPM structure. The central component of the TPM is the 16-bit counter that can
operate as afree-running counter or a modulo up/down counter. The TPM counter (when operating in
normal up-counting mode) provides the timing reference for the input capture, output compare, and
edge-aligned PWM functions. The timer counter modulo registers, TPMXMODH: TPMxMODL, control
the modulo value of the counter (the values 0x0000 or OxFFFF effectively make the counter free running).
Software can read the counter value at any time without affecting the counting sequence. Any write to
either half of the TPMXCNT counter resets the counter, regardless of the data value written.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

Input capture, output compare, and edge-aligned PWM functions do not make sense when the counter is
operating in up/down counting mode so thisimpliesthat all active channelswithinaTPM must be used in
CPWM mode when CPWM S=1.

The TPM may be used in an 8-bit MCU. The settingsin the timer channel registers are buffered to ensure
coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to any of the registers
TPMXMODH, TPMxMODL, TPMXxCnVH, and TPMXCnVL, actually write to buffer registers.

In center-aligned PWM mode, the TPMXCnV H:L registers are updated with the value of their write buffer
according to the value of CLKSB:CLKSA bits, so:

o |If (CLKSB:CLKSA = 0:0), theregisters are updated when the second byte is written

o |If (CLKSB:CLKSA not = 0:0), the registers are updated after the both bytes were written, and the
TPM counter changes from (TPMxXMODH: TPMxMODL - 1) to (TPMXMODH:TPMxMODL). If
the TPM counter isafree-running counter, the update is made when the TPM counter changesfrom
OxFFFE to OxFFFF.

When TPMXCNTH: TPMXCNTL=TPMxMODH: TPMxMODL, the TPM can optionally generate a TOF
interrupt (at the end of this count).

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanism for the modulo registers. Writing to TPMxCnSC cancels any values written to the
channel value registers and resets the coherency mechanism for TPMxCnVH: TPMxCnVL.

16.5 Reset Overview

16.5.1 General
The TPM is reset whenever any MCU reset occurs.

16.5.2 Description of Reset Operation

Reset clearsthe TPMxSC register which disables clocksto the TPM and disablestimer overflow interrupts
(TOIE=0). CPWMS, MSnB, MSnA, ELSnB, and ELSnA are all cleared which configures all TPM
channelsfor input-capture operation with the associated pins disconnected from |/O pin logic (so all MCU
pinsrelated to the TPM revert to general purpose I/O pins).

16.6 Interrupts

16.6.1 General

The TPM generates an optional interrupt for the main counter overflow and an interrupt for each channel.
The meaning of channel interrupts depends on each channel’s mode of operation. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edgeis
recognized. If the channel is configured for output compare or PWM modes, the interrupt flag is set each
time the main timer counter matches the value in the 16-bit channel value register.
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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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Chapter 17 Development Support

A force-type breakpoint waits for the current instruction to finish and then acts upon the breakpoint
request. The usua action in response to a breakpoint isto go to active background mode rather than
continuing to the next instruction in the user application program.

Thetag vs. force terminology is used in two contexts within the debug module. The first context refersto
breakpoint requests from the debug module to the CPU. The second refers to match signals from the
comparators to the debugger control logic. When atag-type break request is sent to the CPU, asignal is
entered into the instruction queue along with the opcode so that if/when thisopcode ever executes, the CPU
will effectively replace the tagged opcode with a BGND opcode so the CPU goes to active background
mode rather than executing the tagged instruction. When the TRGSEL control bitinthe DBGT register is
set to select tag-type operation, the output from comparator A or B is qualified by ablock of logic in the
debug modul e that tracks opcodes and only produces atrigger to the debugger if the opcode at the compare
addressisactually executed. Thereis separate opcode tracking logic for each comparator so more than one
compare event can be tracked through the instruction queue at atime.

17.3.5 Trigger Modes

The trigger mode controls the overall behavior of adebug run. The 4-bit TRG field in the DBGT register
selects one of ninetrigger modes. When TRGSEL = 1inthe DBGT register, the output of the comparator
must propagate through an opcode tracking circuit before triggering FIFO actions. The BEGIN bit in
DBGT chooses whether the FIFO begins storing data when the qualified trigger is detected (begin trace),
or the FIFO stores datain acircular fashion from the timeit isarmed until the qualified trigger is detected
(end trigger).

A debug runis started by writing a1 to the ARM bit in the DBGC register, which setsthe ARMF flag and
clearsthe AF and BF flags and the CNT bitsin DBGS. A begin-trace debug run ends when the FIFO gets
full. An end-trace run ends when the sel ected trigger event occurs. Any debug run can be stopped manually
by writinga0to ARM or DBGEN in DBGC.

In all trigger modes except event-only modes, the FIFO stores change-of-flow addresses. In event-only
trigger modes, the FIFO stores data in the low-order eight bits of the FIFO.

The BEGIN control bit isignored in event-only trigger modes and all such debug runs are begin type
traces. When TRGSEL = 1 to select opcode fetch triggers, it is not necessary to use R/W in comparisons
because opcode tags would only apply to opcode fetches that are always read cycles. It would also be
unusual to specify TRGSEL = 1 while using a full mode trigger because the opcode value is normally
known at a particular address.

Thefollowing trigger mode descriptionsonly state the primary comparator conditionsthat lead to atrigger.
Either comparator can usually be further qualified with R/W by setting RWAEN (RWBEN) and the
corresponding RWA (RWB) value to be matched against R/W. The signal from the comparator with
optional R/W qualification is used to request a CPU breakpoint if BRKEN = 1 and TAG determines
whether the CPU request will be atag request or aforce request.
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Appendix A Electrical Characteristics

A5

Although damage from el ectrostatic discharge (ESD) is much |ess common on these devices than on early
CMOS circuits, normal handling precautions should be used to avoid exposure to static discharge.
Qualification tests are performed to ensure that these devices can withstand exposure to reasonable levels
of static without suffering any permanent damage.

All ESD testing isin conformity with AEC-Q100 Stress Test Qualification for Automotive Grade
Integrated Circuits. During the device qualification ESD stresses were performed for the human body
model (HBM) and the charge device model (CDM).

ESD Protection and Latch-Up Immunity

A deviceisdefined as afailure if after exposure to ESD pulses the device no longer meets the device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless specified otherwise in the device
specification.

Table A-4. ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Series resistance R1 1500 Q
Human -
Body Storage capacitance C 100 pF
Number of pulses per pin — 3 —
Minimum input voltage limit — -25 \%
Latch-up
Maximum input voltage limit — 7.5 \%
Table A-5. ESD and Latch-Up Protection Characteristics
No. Rating?! Symbol Min Max Unit
1 Human body model (HBM) VuBM + 2000 — \%
2 Charge device model (CDM) Veom +500 — Vv
3 Latch-up current at Ty = 125°C AT +100 — mA

1 parameter is achieved by design characterization on a small sample size from typical devices

under typical conditions unless otherwise noted.
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