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MC9S08SG32 Series Features

8-Bit HCS08 Central Processor Unit (CPU)

L]

L]

40-MHz HCS08 CPU (central processor unit)

36-MHz HCS08 CPU for temperatures greater
than 125 °C

HCO08 instruction set with added BGND instruction
Support for up to 32 interrupt/reset sources

On-Chip Memory

FLASH read/program/erase over full operating
voltage and temperature from —40 up to 150 °C

Random-access memory (RAM)

Security circuitry to prevent unauthorized access
to RAM and FLASH contents

Power-Saving Modes

Two very low power stop modes
Reduced power wait mode

Very low power real time counter for use in run,
wait, and stop

Clock Source Options

L]

Oscillator (XOSC) — Loop-control Pierce
oscillator; Crystal or ceramic resonator range of
31.25 kHz to 38.4 kHz or 1 MHz to 16 MHz
Internal Clock Source (ICS) — Internal clock
source module containing a frequency-locked loop
(FLL) controlled by internal or external reference;
precision trimming of internal reference allows
0.2% resolution and:

* 1.5% deviation over temperature —40 to 125 °C

« 3% deviation for temperature > 125 °C

ICS supports bus frequencies from 2 MHz to

20 MHz

System Protection

L]

L]

L]

Watchdog computer operating properly (COP)
reset with option to run from dedicated 1-kHz
internal clock source or bus clock

Low-voltage detection with reset or interrupt;
selectable trip points

lllegal opcode detection with reset
lllegal address detection with reset
FLASH block protect

Development Support

Single-wire background debug interface

Breakpoint capability to allow single breakpoint
setting during in-circuit debugging (plus two more
breakpoints in on-chip debug module)

On-chip, in-circuit emulation (ICE) debug module
containing two comparators and 9 trigger modes.
Eight-deep FIFO for storing change-of-flow

address and event-only data. Debug module
supports both tag and force breakpoints

Peripherals

ADC — 16-channel, 10-bit resolution, 2.5 us
conversion time, automatic compare function,
temperature sensor, internal bandgap reference
channel; runs in stop3

ACMP — Analog comparators with selectable
interrupt on rising, falling, or either edge of
comparator output; compare option to fixed
internal bandgap reference voltage; output can be
optionally routed to TPM module; runs in stop3

SCI — Full duplex non-return to zero (NRZ); LIN
master extended break generation; LIN slave
extended break detection; wake up on active edge
SPI — Full-duplex or single-wire bidirectional;
Double-buffered transmit and receive; Master or
Slave mode; MSB-first or LSB-first shifting

IIC — Up to 100 kbps with maximum bus loading;
Multi-master operation; Programmable slave
address; Interrupt driven byte-by-byte data
transfer; supports broadcast mode and 10-bit
addressing

MTIM — 8-bit modulo counter with 8-bit prescaler
and overflow interrupt

TPMx — Two 2-channel timer pwm modules
(TPM1, TPM2); Selectable input capture, output
compare, or buffered edge- or center-aligned
PWM on each channel

RTC — (Real-time counter) 8-bit modulus counter
with binary or decimal based prescaler; External
clock source for precise time base, time-of-day,
calendar or task scheduling functions; Free
running on-chip low power oscillator (1 kHz) for
cyclic wake-up without external components, runs
in all MCU modes

Input/Output

22 general purpose 1/O pins (GPIOs)
8 interrupt pins with selectable polarity

Ganged output option for PTB[5:2] and PTC[3:0];
allows single write to change state of multiple pins

Hysteresis and configurable pull up device on all

input pins; Configurable slew rate and drive
strength on all output pins

Package Options

28-TSSOP, 20-TSSOP, 16-TSSOP (20-pin
package options not available on high-temperature
rated devices).



Chapter 3 Modes of Operation

Table 3-1 showsall of the control bits that affect stop mode sel ection and the mode sel ected under various
conditions. The selected mode is entered following the execution of a STOP instruction.
Table 3-1. Stop Mode Selection

STOPE | ENBDM ! | LVDE LVDSE | PPDC Stop Mode
0 X X X Stop modes disabled; illegal opcode reset if STOP instruction executed
1 1 X X Stop3 with BDM enabled 2
1 0 Both bits must be 1 X Stop3 with voltage regulator active
1 0 Either hita 0 0 Stop3
1 0 Either bita 0 1 Stop2

1 ENBDM is located in the BDCSCR, which is only accessible through BDC commands, see Section 17.4.1.1, “BDC Status and
Control Register (BDCSCR)".

2 When in Stop3 mode with BDM enabled, The S;pp will be near R,pp levels because internal clocks are enabled.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The
states of al of theinternal registers and logic, RAM contents, and 1/O pin states are maintained.

Stop3 can be exited by asserting RESET, or by aninterrupt from one of the following sources: thereal-time
counter (RTC), LVD system, ACMP, ADC, SCI or any pin interrupts.

If stop3isexited by means of the RESET pin, then the MCU isreset and operation will resume after taking
the reset vector. Exit by means of one of the internal interrupt sources results in the MCU taking the
appropriate interrupt vector.

3.6.1.1 LVD Enabled in Stop3 Mode

TheLVD systemiscapable of generating either an interrupt or areset when the supply voltage drops bel ow
the LV D voltage. For configuring the LV D system for interrupt or reset, refer to Section 5.6, “Low-Voltage
Detect (LVD) System™. If the LVD isenabled in stop (LVDE and LVDSE bitsin SPM SC1 both set) at the
time the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode.

For the ADC to operate in stop mode, the LV D must be enabled when entering stop3.

For the ACMPto operate in stop mode with compareto internal bandgap option, the LV D must be enabled
when entering stop3.

3.6.1.2 Active BDM Enabled in Stop3 Mode

Entry into the active background mode from run mode is enabled if ENBDM in BDCSCR is set. This
register is described in Chapter 17, “Development Support.” If ENBDM is set when the CPU executes a
STOP instruction, the system clocks to the background debug logic remain active when the MCU enters
stop mode. Because of this, background debug communication remains possible. In addition, the voltage
regulator does not enter its low-power standby state but maintains full internal regulation.
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Chapter 4 Memory

Table 4-2. Direct-Page Register Summary (Sheet 3 of 3)

Address ~ Register Bit 7 6 5 4 3 2 1 Bit 0
Name

0x0066  TPM2COVH Bit 15 14 13 12 11 10 9 Bit 8

0x0067  TPM2COVL Bit 7 6 5 4 3 2 1 Bit 0

0x0068  TPM2C1SC CHI1F CHLIE MS1B MS1A ELSIB | ELSIA 0 0

0x0069 TPM2C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x006A TPM2C1VL Bit 7 6 5 4 3 2 1 Bit 0

0x006B  Reserved — — — — — — — —

0x006C  RTCSC RTIF RTCLKS RTIE RTCPS

0x006D RTCCNT RTCCNT

0x006E RTCMOD RTCMOD

oo Reserved - - - - - - - -
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Chapter 4 Memory

Table 4-3. High-Page Register Summary (Sheet 2 of 2)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1845 PTAPS 0 0 0 0 PTAPS3 PTAPS2 PTAPS1 PTAPSO
0x1846 PTAES 0 0 0 0 PTAES3 PTAES2 PTAES1 PTAESO
0x1847 Reserved — — — — — — — —
0x1848 PTBPE PTBPE7 | PTBPE6 | PTBPES5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPEl1 | PTBPEO
0x1849 PTBSE PTBSE7 | PTBSE6 | PTBSES | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEO
0x184A PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x184B Reserved — — — — — — — —
0x184C PTBSC 0 0 0 0 PTBIF PTBACK PTBIE PTBMOD
0x184D PTBPS 0 0 0 0 PTBPS3 | PTBPS2 | PTBPS1 | PTBPSO
0x184E PTBES 0 0 0 0 PTBES3 | PTBES2 | PTBES1 | PTBESO
0x184F Reserved — — — — — — — —
0x1850 PTCPE PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
0x1851 PTCSE PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
0x1852 PTCDS PTCDS7 | PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
0x1853 GNGC GNGPS7 | GNGPS6 | GNGPS5 | GNGPS4 | GNGPS3 | GNGPS2 | GNGPS1 | GNGEN
0x1854 Reserved — — — — — 1 1 1
0x1855 Reserved — — — — — 1 1 1
0x1856 Reserved — — — — — 0 0 0
octgoy  Reserved “ || Z | Z | |z | Z|:Z
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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 5 Resets, Interrupts, and General System Control

Table 5-11. LVD and LVW trip point typical values?!

LVDV:LVWV LVW Trip Point LVD Trip Point
0:0 Vivwo = 2.74 V Vivpo = 2.56 V
0:1 Viywi =292V
1:.0 Vivwe = 4.3V Viyp1 =40V
1:1 Viyws = 4.6 V

1 See Electrical Characteristics appendix for minimum and maximum values.
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Chapter 6 Parallel Input/Output Control

It isagood programming practice to write to the port data register before changing the direction of a port
pin to become an output. This ensures that the pin will not be driven momentarily with an old data value
that happened to be in the port data register.

PTxDDn
D Q ¢ P Output Enable
PTxDn
D Q p Output Data
1
Port Read
Data
0 Synchronizer ~&— Input Data
BUSCLK +

Figure 6-1. Parallel /0O Block Diagram

6.2  Pull-up, Slew Rate, and Drive Strength

Associated with the parallel 1/0 portsisaset of registerslocated in the high page register spacethat operate
independently of the parallel 1/O registers. Theseregistersare used to control pull-ups, slew rate, and drive
strength for the pins.

Aninternal pull-up device can be enabled for each port pin by setting the corresponding bit in the pull-up
enableregister (PTXPEN). The pull-up deviceisdisabled if the pinisconfigured asan output by the parallel
1/O control logic or any shared peripheral function regardless of the state of the corresponding pull-up
enable register bit. The pull-up device isalso disabled if the pin is controlled by an analog function.

Slew rate control can be enabled for each port pin by setting the corresponding bit in the slew rate control
register (PTxSEnN). When enabled, slew control limitsthe rate at which an output can transition in order to
reduce EMC emissions. Slew rate control has no effect on pins that are configured as inputs.

An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTxDSn). When high drive is selected, a pin is capable of sourcing and
sinking greater current. Even though every /O pin can be selected as high drive, the user must ensure that
thetotal current source and sink limits for the MCU are not exceeded. Drive strength selection isintended
to affect the DC behavior of 1/0 pins. However, the AC behavior is also affected. High drive allows apin
to drive a greater load with the same switching speed as alow drive enabled pin into a smaller load.
Because of this, the EMC emissions may be affected by enabling pins as high drive.

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

7.3.6.7 SP-Relative, 16-Bit Offset (SP2)

This variation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus a 16-bit offset
included in the instruction as the address of the operand needed to complete the instruction.

7.4  Special Operations

The CPU performs afew special operations that are similar to instructions but do not have opcodes like
other CPU instructions. In addition, afew instructions such as STOP and WAIT directly affect other MCU
circuitry. This section provides additional information about these operations.

7.4.1 Reset Sequence

Reset can be caused by a power-on-reset (POR) event, internal conditions such as the COP (computer
operating properly) watchdog, or by assertion of an external active-low reset pin. When areset event
occurs, the CPU immediately stops whatever it is doing (the MCU does not wait for an instruction
boundary before responding to areset event). For a more detailed discussion about how the MCU
recognizes resets and determines the source, refer to the Resets, Interrupts, and System Configuration
chapter.

The reset event is considered concluded when the sequence to determine whether the reset came from an
internal sourceis done and when the reset pinisno longer asserted. At the conclusion of areset event, the
CPU performs a 6-cycle sequence to fetch the reset vector from OxFFFE and OxFFFF and to fill the
instruction queue in preparation for execution of the first program instruction.

71.4.2 Interrupt Sequence

When an interrupt is requested, the CPU completes the current instruction before responding to the
interrupt. At this point, the program counter is pointing at the start of the next instruction, which iswhere
the CPU should return after servicing the interrupt. The CPU responds to an interrupt by performing the
same sequence of operations as for a software interrupt (SWI) instruction, except the address used for the
vector fetch is determined by the highest priority interrupt that is pending when the interrupt sequence
started.

The CPU sequence for an interrupt is:

Store the contents of PCL, PCH, X, A, and CCR on the stack, in that order.

Set the | bit in the CCR.

Fetch the high-order half of the interrupt vector.

Fetch the low-order half of the interrupt vector.

Delay for one free bus cycle.

Fetch three bytes of program information starting at the address indicated by the interrupt vector
to fill the instruction queue in preparation for execution of the first instruction in the interrupt
service routine.

After the CCR contents are pushed onto the stack, the | bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the | bit with an instruction in the

o gk wbdrE
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

(@ompare tve ADCSC1 ADCCFG
[ A
zl 8
< 8 o o] O w <8 O N4
5 8l el £lg 78 ={ | SRS
bat ol € 519 2 a 2 a Clock Gen
< <l gl <= g < <
w1 ADACK
MCU STOP AQCK | Clock Bus Clock
ADHWT Control Sequencer Divide
ol o g 5 ALTCLK
=g 935 5
g gl g 2| 8
gl 8 g & @
ADO O——
o AEN (D——
® ————— > Interrupt
) ADVIN COCO(:)
SAR Converter
AD27
[ |
VREFH O Data Registers
VRerL O
1
)
Compare true C
q C
ompare
Logic
[} l
= =
& 2
> ]
1 <<
ADCSC2

9.2

Compare Value Registers

Figure 9-2. ADC Block Diagram

External Signal Description

The ADC module supports up to 28 separate analog inputs. It also requires four supply/reference/ground

connections.

Table 9-2. Signal Properties

Name Function
AD27-ADO Analog Channel inputs
VREFH High reference voltage
VREFL Low reference voltage
Vppa Analog power supply
Vgsa Analog ground
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

Table 9-12. APCTL3 Register Field Descriptions (continued)

Field Description

1 ADC Pin Control 17 — ADPC17 controls the pin associated with channel AD17.
ADPC17 |0 AD17 pin I/O control enabled
1 AD17 pin I/O control disabled

0 ADC Pin Control 16 — ADPC16 controls the pin associated with channel AD16.
ADPC16 |0 AD16 pin I/O control enabled
1 AD16 pin I/O control disabled

9.4  Functional Description

The ADC module is disabled during reset or when the ADCH bitsare all high. The moduleisidlewhen a
conversion has completed and another conversion has not been initiated. When idle, the moduleisin its
lowest power state.

The ADC can perform an analog-to-digital conversion on any of the software selectable channels. The
selected channel voltageis converted by a successive approximation algorithminto an 11-bit digital result.
In 8-bit mode, the selected channel voltage is converted by a successive approximation algorithm into a
9-hit digital result.

When the conversion is completed, the result is placed in the data registers (ADCRH and ADCRL).In
10-bit mode, the result isrounded to 10 bits and placed in ADCRH and ADCRL. In 8-bit mode, the result
isrounded to 8 bits and placed in ADCRL. The conversion complete flag (COCO) is then set and an
interrupt is generated if the conversion complete interrupt has been enabled (AIEN = 1).

The ADC module has the capability of automatically comparing the result of a conversion with the
contents of its compare registers. The compare function is enabled by setting the ACFE bit and operates
with any of the conversion modes and configurations.

94.1 Clock Select and Divide Control

One of four clock sources can be selected as the clock source for the ADC module. This clock sourceis
then divided by a configurable value to generate the input clock to the converter (ADCK). The clock is
selected from one of the following sources by means of the ADICLK hits.

» Thebus clock, which is equal to the frequency at which software is executed. Thisis the default
selection following reset.

» Thebusclock divided by two. For higher bus clock rates, this alows a maximum divide by 16 of
the bus clock.

* ALTCLK, asdefined for this MCU (See modul e section introduction).

» Theasynchronous clock (ADACK). This clock is generated from a clock source within the ADC
module. When selected as the clock source, this clock remains active whilethe MCU isin wait or
stop3 mode and allows conversions in these modes for lower noise operation.

Whichever clock is selected, itsfrequency must fall within the specified frequency rangefor ADCK. If the
available clocksaretoo slow, the ADC does not perform according to specifications. If the avail able clocks
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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 13
Real-Time Counter (SO8RTCV1)

13.1 Introduction

The RTC module consists of one 8-bit counter, one 8-bit comparator, several binary-based and
decimal-based prescaler dividers, two clock sources, and one programmabl e periodic interrupt. This
module can be used for time-of-day, calendar or any task scheduling functions. It can also serveasacyclic
wake up from low power modes without the need of external components.
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Chapter 13 Real-Time Counter (SO8RTCV1)

13.3.2 RTC Counter Register (RTCCNT)
RTCCNT isthe read-only value of the current RTC count of the 8-bit counter.

7 6 5 4 ‘ 3 2 1 0

R RTCCNT
W
Reset: 0 0 0 0 ‘ 0 0 0 0
Figure 13-4. RTC Counter Register (RTCCNT)
Table 13-4. RTCCNT Field Descriptions
Field Description
7.0 RTC Count. These eight read-only bits contain the current value of the 8-bit counter. Writes have no effect to this
RTCCNT | register. Reset, writing to RTCMOD, or writing different values to RTCLKS and RTCPS clear the count to 0x00.

13.3.3 RTC Modulo Register (RTCMOD)

7 6 5 4 3 2 1 0

R
RTCMOD
W
Reset: 0 0 0 0 0 0 0 0
Figure 13-5. RTC Modulo Register (RTCMOD)
Table 13-5. RTCMOD Field Descriptions
Field Description
7:0 RTC Modulo. These eight read/write bits contain the modulo value used to reset the count to 0x00 upon a compare

RTCMOD | match and set the RTIF status bit. A value of 0x00 sets the RTIF bit on each rising edge of the prescaler output.
Writing to RTCMOD resets the prescaler and the RTCCNT counters to 0x00. Reset sets the modulo to 0x00.

13.4 Functional Description

The RTC is composed of amain 8-bit up-counter with an 8-bit modulo register, a clock source selector,
and a prescaler block with binary-based and decimal-based sel ectable values. The module also contains
software selectable interrupt logic.

After any MCU reset, the counter is stopped and reset to 0x00, the modulus register is set to 0x00, and the
prescaler is off. The 1-kHz internal oscillator clock is selected as the default clock source. To start the
prescaler, write any value other than zero to the prescaler select bits (RTCPS).

Three clock sources are software selectable: the low power oscillator clock (LPO), the external clock
(ERCLK), and theinternal clock (IRCLK). The RTC clock select bits (RTCLKS) select the desired clock
source. If adifferent value iswritten to RTCLKS, the prescaler and RTCCNT counters are reset to 0x00.
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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)

16.6.2.1.2 Center-Aligned PWM Case

When CPWM S=1, TOF gets set when the timer counter changes direction from up-counting to
down-counting at the end of the terminal count (the value in the modulo register). In this case the TOF
corresponds to the end of a PWM period.

16.6.2.2 Channel Event Interrupt Description

The meaning of channel interrupts depends on the channel’s current mode (i nput-capture, output-compare,
edge-aligned PWM, or center-aligned PWM).

16.6.2.2.1 Input Capture Events

When achannel is configured as an input capture channel, the EL SnB:EL SnA control bits select no edge
(off), rising edges, falling edges or any edge as the edge which triggers an input capture event. When the
selected edge is detected, the interrupt flag is set. The flag is cleared by the two-step sequence described
in Section 16.6.2, “ Description of Interrupt Operation.”

16.6.2.2.2 Output Compare Events

When a channel is configured as an output compare channel, the interrupt flag is set each time the main
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the two-step
sequence described Section 16.6.2, “ Description of Interrupt Operation.”

16.6.2.2.3 PWM End-of-Duty-Cycle Events

For channels configured for PWM operation there are two possibilities. When the channel is configured
for edge-aligned PWM, the channel flag gets set when the timer counter matchesthe channel valueregister
which marks the end of the active duty cycle period. When the channel is configured for center-aligned
PWM, the timer count matches the channel value register twice during each PWM cycle. In this CPWM
case, the channel flag is set at the start and at the end of the active duty cycle period which are the times
when the timer counter matches the channel value register. The flag is cleared by the two-step sequence
described Section 16.6.2, “ Description of Interrupt Operation.”

16.7 The Differences from TPM v2 to TPM v3

1. Writeto TPMXCNTH:L registers (Section 16.3.2, “TPM-Counter Registers
(TPMXCNTH:TPMXCNTL)) [SE110-TPM case 7]
Any writeto TPMXCNTH or TPMXCNTL registersin TPM v3 clears the TPM counter
(TPMxCNTH:L) and the prescaler counter. Instead, inthe TPM v2 only the TPM counter iscleared
inthis case.
2. Read of TPMXCNTH:L registers (Section 16.3.2, “ TPM-Counter Registers
(TPMXCNTH:TPMXCNTL))
— InTPM v3, any read of TPMXCNTH:L registers during BDM mode returns the value of the
TPM counter that isfrozen. In TPM v2, if only one byte of the TPMXCNTH:L registers was
read before the BDM mode became active, then any read of TPMXCNTH:L registers during
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Chapter 17 Development Support

17.1.2 Features

Features of the BDC module include:

* Single pin for mode selection and background communications

» BDC registers are not located in the memory map

* SYNC command to determine target communications rate

* Non-intrusive commands for memory access

» Active background mode commands for CPU register access

* GO and TRACEL commands

»  BACKGROUND command can wake CPU from stop or wait modes
*  One hardware address breakpoint built into BDC

» Ogscillator runsin stop mode, if BDC enabled

» COP watchdog disabled while in active background mode

Features of the ICE system include:
» Two trigger comparators. Two address + read/write (R/W) or one full address + data + R/W
* Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or
— Event-only data
* Two types of breakpoints:

— Tag breakpoints for instruction opcodes
— Force breakpoints for any address access
* Ninetrigger modes:
— Basic: A-only, AORB
— Sequence: A then B
— Full: A AND B data, A AND NOT B data
— Event (store data): Event-only B, A then event-only B
— Range: Inside range (A < address < B), outside range (address < A or address > B)

17.2 Background Debug Controller (BDC)

All MCUsin the HCS08 Family contain a single-wire background debug interface that supportsin-circuit
programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities. Unlike
debug interfaces on earlier 8-bit MCUSs, this system does not interfere with normal application resources.
It does not use any user memory or locations in the memory map and does not share any on-chip
peripherals.

BDC commands are divided into two groups.

» Activebackground mode commandsrequirethat thetarget M CU isin active background mode (the
user program is not running). Active background mode commands allow the CPU registersto be
read or written, and allow the user to trace one user instruction at atime, or GO to the user program
from active background mode.
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Chapter 17 Development Support

Table 17-2. BDCSCR Register Field Descriptions (continued)

Field Description
2 Wait or Stop Status — When the target CPU is in wait or stop mode, most BDC commands cannot function.
WS However, the BACKGROUND command can be used to force the target CPU out of wait or stop and into active

background mode where all BDC commands work. Whenever the host forces the target MCU into active

background mode, the host should issue a READ_STATUS command to check that BDMACT = 1 before

attempting other BDC commands.

0 Target CPU is running user application code or in active background mode (was not in wait or stop mode when
background became active)

1 Target CPU is in wait or stop mode, or a BACKGROUND command was used to change from wait or stop to
active background mode

1 Wait or Stop Failure Status — This status bit is set if a memory access command failed due to the target CPU
WSF executing a wait or stop instruction at or about the same time. The usual recovery strategy is to issue a
BACKGROUND command to get out of wait or stop mode into active background mode, repeat the command
that failed, then return to the user program. (Typically, the host would restore CPU registers and stack values and
re-execute the wait or stop instruction.)

0 Memory access did not conflict with a wait or stop instruction
1 Memory access command failed because the CPU entered wait or stop mode

0 Data Valid Failure Status — This status bit is not used in the MC9S08SG32 Series because it does not have
DVF any slow access memory.
0 Memory access did not conflict with a slow memory access
1 Memory access command failed because CPU was not finished with a slow memory access

17.4.1.2 BDC Breakpoint Match Register (BDCBKPT)

This 16-bit register holds the address for the hardware breakpoint in the BDC. The BKPTEN and FTS
control bitsin BDCSCR are used to enable and configure the breakpoint logic. Dedicated serial BDC
commands (READ_BKPT and WRITE_BKPT) are used to read and write the BDCBKPT register but is
not accessible to user programs because it is not located in the normal memory map of the MCU.
Breakpoints are normally set while the target MCU isin active background mode before running the user
application program. For additional information about setup and use of the hardware breakpoint logic in
the BDC, refer to Section 17.2.4, “BDC Hardware Breakpoint.”

17.4.2 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background mode command such as
WRITE_BY TE must be used to write to SBDFR. Attemptsto write this register from a user program are
ignored. Reads aways return 0x00.
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Chapter 17 Development Support

17.4.3.7 Debug Control Register (DBGC)
This register can be read or written at any time.
7 6 5 4 3 2 1 0
R
DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
w
Reset 0 0 0 0 0 0 0 0
Figure 17-7. Debug Control Register (DBGC)
Table 17-4. DBGC Register Field Descriptions
Field Description
7 Debug Module Enable — Used to enable the debug module. DBGEN cannot be set to 1 if the MCU is secure.
DBGEN [0 DBG disabled
1 DBG enabled
6 Arm Control — Controls whether the debugger is comparing and storing information in the FIFO. A write is used
ARM to set this bit (and ARMF) and completion of a debug run automatically clears it. Any debug run can be manually
stopped by writing 0 to ARM or to DBGEN.
0 Debugger not armed
1 Debugger armed
5 Tag/Force Select — Controls whether break requests to the CPU will be tag or force type requests. If
TAG BRKEN = 0, this bit has no meaning or effect.
0 CPU breaks requested as force type requests
1 CPU breaks requested as tag type requests
4 Break Enable — Controls whether a trigger event will generate a break request to the CPU. Trigger events can
BRKEN cause information to be stored in the FIFO without generating a break request to the CPU. For an end trace, CPU
break requests are issued to the CPU when the comparator(s) and R/W meet the trigger requirements. For a
begin trace, CPU break requests are issued when the FIFO becomes full. TRGSEL does not affect the timing of
CPU break requests.
0 CPU break requests not enabled
1 Triggers cause a break request to the CPU
3 R/W Comparison Value for Comparator A— When RWAEN = 1, this bit determines whether a read or a write
RWA access qualifies comparator A. When RWAEN = 0, RWA and the R/W signal do not affect comparator A.
0 Comparator A can only match on a write cycle
1 Comparator A can only match on a read cycle
2 Enable R/W for Comparator A — Controls whether the level of R/W is considered for a comparator A match.
RWAEN |0 R/W is not used in comparison A
1 R/W is used in comparison A
1 R/W Comparison Value for Comparator B— When RWBEN = 1, this bit determines whether a read or a write
RWB access qualifies comparator B. When RWBEN = 0, RWB and the R/W signal do not affect comparator B.
0 Comparator B can match only on a write cycle
1 Comparator B can match only on a read cycle
0 Enable R/W for Comparator B — Controls whether the level of R/W is considered for a comparator B match.
RWBEN |0 R/W is not used in comparison B

1 R/W is used in comparison B
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Appendix A Electrical Characteristics
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Figure A-8. Typical Frequency Deviation vs Temperature (ICS Trimmed to 16MHz bus@25°C, 5V, FEI)!

A.10 Analog Comparator (ACMP) Electricals

Table A-10. Analog Comparator Electrical Specifications

Temp Rated
o
. . . . i) I}
# C Rating Symbol Min Typical Max Unit S ko
B | wm
<
1 — | Supply voltage Vpp 2.7 — 5.5 Vv ¢ ¢
2 C/T | Supply current (active) Ippac — 20 35 UA ¢ ¢
3 D |Analog input voltage VAN Vgs— 0.3 — Vbb Vv ¢ ¢
4 D |Analog input offset voltage Vaio — 20 40 mv ¢ ¢
5 D |Analog Comparator hysteresis . 3.0 6.0 20.0 mv ¢ ¢
6 D | Analog input leakage current INDe — — 1.0 A ¢ ¢
7 D |Analog Comparator initialization delay taINIT — — 1.0 us ¢ ¢

1. Based on the average of several hundred units from a typical characterization lot.
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Figure A-15. SPI Master Timing (CPHA =1)
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Figure A-16. SPI Slave Timing (CPHA =0)
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