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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 MC9S08SG8 MCU.
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Figure 1-1. MC9S08SG8 Block Diagram
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Chapter 2

Pins and Connections

This section describes signals that connect to package pins. It includes pinout diagrams, recommended

system connections, and detailed discussions of signals.

2.1 Device Pin Assignment

Figure 2-1 - Figure 2-3 shows the pin assignments for the MC9S08SGS devices.

NOTE

20-pin TSSOP package and 8-pin SOIC package are not available for the
AEC Grade 0 high-temperature rated devices.
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Figure 2-1. 20-Pin TSSOP
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Figure 2-2. 16-Pin TSSOP

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor

25



Chapter 3 Modes of Operation

Table 3-2. Stop Mode Behavior

Mode
Peripheral
Stop2 Stop3

CPU Off Standby
RAM Standby Standby
FLASH Off Standby
Parallel Port Registers Off Standby
ADC Off Optionally On'
ACMP Off Optionally On?
BDM Off3 Optionally On
ICS Off Optionally On*
Ic Off Standby
LVD/LVW Off° Optionally On
MTIM Off Standby
RTC Optionally On Optionally On
SCI Off Standby
SPI Off Standby
TPM Off Standby
Voltage Regulator Standby Optionally On®
X0SC Off Optionally On’
I/O Pins States Held States Held

Requires the asynchronous ADC clock and LVD to be enabled, else in
standby.

Requires the LVD to be enabled when compare to internal bandgap reference
option is enabled.

If ENBDM is set when entering stop2, the MCU will actually enter stop3.
IRCLKEN and IREFSTEN set in ICSC1, else in standby.

If LVDSE is set when entering stop2, the MCU will actually enter stop3.
Voltage regulator will be on if BDM is enabled or if LVD is enabled when
entering stop3.

7 ERCLKEN and EREFSTEN set in ICSC2, else in standby. For high frequency
range (RANGE in ICSC2 set) requires the LVD to also be enabled in stop3.

o o M W
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Chapter 4
Memory

4.1 MC9S08SG8 Memory Map

As shown in Figure 4-1, on-chip memory in the MC9S08SGS series of MCUs consists of RAM, FLASH
program memory for nonvolatile data storage, and I/O and control/status registers. The registers are
divided into three groups:

» Direct-page registers (0x0000 through 0x007F)
» High-page registers (0x1800 through 0x185F)
* Nonvolatile registers (0OxFFBO through OxFFBF)

0x0000 0x0000

DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS
0x007F 0x007F
0x0080
0x0080 RAM
512R;Y|\4 s OX017F 256 BYTES
0x0180 RESERVED
0x027F 0X027F 256 BYTES
0x0280 UNIMPLEMENTED 0x0280 UNIMPLEMENTED
Ox17FF 5504 BYTES 0x17FF 5504 BYTES
0x1800 0x1800
HIGH PAGE REGISTERS HIGH PAGE REGISTERS
0x185F 0x185F
0x1860 0x1860
UNIMPLEMENTED UNIMPLEMENTED
51,104 BYTES 51,104 BYTES
OXDFFF OXDFFF
0XE000 0XE000
RESERVED
4096 BYTES
FLASH OXEFFF
8192 BYTES 0xF000
FLASH
4096 BYTES
OXFFFF OXFFFF
MC9S08SG8 MC9S08SG4

Figure 4-1. MC9S08SG8 Memory Map

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 39



Chapter 4 Memory

High-page registers, shown in Table 4-3, are accessed much less often than other I/O and control registers
so they have been located outside the direct addressable memory space, starting at 0x1800.

Table 4-3. High-Page Register Summary (Sheet 1 of 2)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1800 SRS POR PIN COP ILOP ILAD 0 LvD 0
0x1801 SBDFR 0 0 0 0 0 0 0 BDFR
0x1802 SOPT1 COPT STOPE 0 0 IICPS 0 0
0x1803 SOPT2 COPCLKS| COPW 0 ACIC 0 0 T1CH1PS | TICHOPS
Oxtogs | Resered “ || Z | Z | Z |z |z |z
0x1806 SDIDH 1 — — — ID11 ID10 ID9 ID8
0x1807 SDIDL ID7 ID6 ID5 1D4 ID3 ID2 ID1 IDO
0x1808 Reserved — — — — — — — —
0x1809 SPMSC1 LVWF LVWACK LVWIE LVDRE LVDSE LVDE 0 BGBE
0x180A SPMSC2 0 0 LvDV LVWV PPDF PPDACK — PPDC
Oxioop Resened “ || Z | Z | Z |z |z |z
0x1810 DBGCAH Bit 15 14 13 12 11 10 9 Bit 8
0x1811 DBGCAL Bit 7 6 5 4 3 2 1 Bit 0
0x1812 DBGCBH Bit 15 14 13 12 11 10 9 Bit 8
0x1813 DBGCBL Bit 7 6 5 4 3 2 1 Bit 0
0x1814 DBGFH Bit 15 14 13 12 11 10 9 Bit 8
0x1815 DBGFL Bit 7 6 5 4 3 2 1 Bit 0
0x1816 DBGC DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
0x1817 DBGT TRGSEL BEGIN 0 0 TRGS3 TRG2 TRG1 TRGO
0x1818 DBGS AF BF ARMF 0 CNT3 CNT2 CNTH CNTO
8§: 2} ::_ Reserved — — — — — — — —
0x1820  FCDIV DIVLD | PRDIVS v
0x1821  FOPT KEYEN | FNORED 0 0 0 0 SEC
0x1822 Reserved — — — — — — — —
0x1823 FCNFG 0 0 KEYACC 0 0 0 0 0
0x1824 FPROT FPS FPDIS
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD FCMD
™ Reserved - - - - - - - -
0x1840  PTAPE 0 0 — — PTAPE3 | PTAPE2 | PTAPE1 | PTAPEO
0x1841 PTASE 0 0 — — PTASE3 | PTASE2 | PTASE1 PTASEO
0x1842 PTADS 0 0 — — PTADS3 | PTADS2 | PTADS1 PTADSO
0x1843 Reserved — — — — — — — —
0x1844 PTASC 0 0 0 0 PTAIF PTAACK PTAIE PTAMOD

MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Analog-to-Digital Converter (SO8ADCV1)

9.2.1 Analog Power (Vppap)

The ADC analog portion uses Vppap as its power connection. In some packages, Vppap 1s connected
internally to Vpp. If externally available, connect the Vppap pin to the same voltage potential as Vpp.
External filtering may be necessary to ensure clean Vppap for good results.

9.2.2 Analog Ground (Vggap)

The ADC analog portion uses Vggap as its ground connection. In some packages, Vggap 1S connected
internally to Vgg. If externally available, connect the Vggap pin to the same voltage potential as Vgg.

9.2.3 Voltage Reference High (VRgrn)

VrErn 1s the high reference voltage for the converter. In some packages, Vgrgpy 1s connected internally to
Vppap- If externally available, Vgygpy may be connected to the same potential as Vppap, or may be
driven by an external source that is between the minimum Vppap spec and the Vppap potential (ViRgpy
must never exceed Vppap)-

9.2.4  Voltage Reference Low (VRgfL)

VrerL 1s the low reference voltage for the converter. In some packages, Vrgpr 1s connected internally to
Vgsap- If externally available, connect the Vygpp pin to the same voltage potential as Vggap-

9.2.5 Analog Channel Inputs (ADx)

The ADC module supports up to 28 separate analog inputs. An input is selected for conversion through
the ADCH channel select bits.

9.3 Register Definition
These memory mapped registers control and monitor operation of the ADC:

+ Status and control register, ADCSC1

+ Status and control register, ADCSC2

» Data result registers, ADCRH and ADCRL

» Compare value registers, ADCCVH and ADCCVL
* Configuration register, ADCCFG

* Pin enable registers, APCTL1, APCTL2, APCTL3

9.3.1 Status and Control Register 1 (ADCSC1)

This section describes the function of the ADC status and control register (ADCSC1). Writing ADCSCI1
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to a value other
than all 1s).

MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Analog-to-Digital Converter (SO8ADCV1)

Table 9-11. APCTL3 Register Field Descriptions (continued)

Field Description

1 ADC Pin Control 17 — ADPC17 is used to control 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 is used to control 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 bits are all high. The module is idle when a
conversion has completed and another conversion has not been initiated. When idle, the module is in its
lowest power state.

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

When the conversion is completed, the result is placed in the data registers (ADCRH and ADCRL).In
10-bit mode, the result is rounded to 10 bits and placed in ADCRH and ADCRL. In 8-bit mode, the result
is rounded 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
in conjunction with any of the conversion modes and configurations.

9.4.1 Clock Select and Divide Control

One of four clock sources can be selected as the clock source for the ADC module. This clock source is
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 bits.

» The bus clock, which is equal to the frequency at which software is executed. This is the default
selection following reset.

* The bus clock divided by 2. For higher bus clock rates, this allows a maximum divide by 16 of the
bus clock.

* ALTCLK, as defined for this MCU (See module section introduction).

* The asynchronous clock (ADACK) — This clock is generated from a clock source within the ADC

module. When selected as the clock source this clock remains active while the MCU is in wait or
stop3 mode and allows conversions in these modes for lower noise operation.

Whichever clock is selected, its frequency must fall within the specified frequency range for ADCK. If the
available clocks are too slow, the ADC will not perform according to specifications. If the available clocks

MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Internal Clock Source (S08ICSV2)
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Inter-Integrated Circuit (S08IICV2)

After a repeated start condition (Sr), all other slave devices also compare the first seven bits of the first
byte of the slave address with their own addresses and test the eighth (R/W) bit. However, none of them
are addressed because R/W =1 (for 10-bit devices) or the 11110XX slave address (for 7-bit devices) does
not match.

Slave Address Slave Address Slave Address
. R/W ) R/W
S 1st 7 bits A1 2nd byte A2 | sr 1st 7 bits A3 | Data |[A| .. | Data | A | P
11110 + AD10 + AD9 0 AD[8:1] 11110+ AD10+ AD9| 1

Table 11-11. Master-Receiver Addresses a Slave-Transmitter with a 10-bit Address

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter sees an [1C
interrupt. Software must ensure the contents of IICD are ignored and not treated as valid data for this
interrupt.

11.4.3 General Call Address

General calls can be requested in 7-bit address or 10-bit address. If the GCAEN bit is set, the I[IC matches
the general call address as well as its own slave address. When the IIC responds to a general call, it acts as
a slave-receiver and the IAAS bit is set after the address cycle. Software must read the IICD register after
the first byte transfer to determine whether the address matches is its own slave address or a general call.
If the value is 00, the match is a general call. If the GCAEN bit is clear, the IIC ignores any data supplied
from a general call address by not issuing an acknowledgement.

11.5 Resets
The IIC is disabled after reset. The 1IC cannot cause an MCU reset.

11.6 Interrupts
The IIC generates a single interrupt.

An interrupt from the IIC is generated when any of the events in Table 11-12 occur, provided the IICIE bit
is set. The interrupt is driven by bit IICIF (of the IIC status register) and masked with bit IICIE (of the IIC
control register). The IICIF bit must be cleared by software by writing a 1 to it in the interrupt routine. You
can determine the interrupt type by reading the status register.

Table 11-12. Interrupt Summary

Interrupt Source Status Flag Local Enable
Complete 1-byte transfer TCF IICIF IICIE
Match of received calling address IAAS IICIF IICIE
Arbitration Lost ARBL IICIF IICIE

11.6.1 Byte Transfer Interrupt

The TCF (transfer complete flag) bit is set at the falling edge of the ninth clock to indicate the completion
of byte transfer.

MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Inter-Integrated Circuit (S08IICV2)

11.7 Initialization/Application Information

Module Initialization (Slave)

1. Write: IICC2
— to enable or disable general call
— to select 10-bit or 7-bit addressing mode
2. Write: [ICA
— to set the slave address
3. Write: IICCI
— to enable IIC and interrupts
Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
5. Initialize RAM variables used to achieve the routine shown in Figure 11-12

Module Initialization (Master)

1. Write: IICF
— to set the IIC baud rate (example provided in this chapter)
2. Write: IICC1
— to enable IIC and interrupts
3. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
. Initialize RAM variables used to achieve the routine shown in Figure 11-12
5. Write: IICC1
— to enable TX

Register Model

IICA \ AD[7:1] ) |

When addressed as a slave (in slave mode), the module responds to this address
IICF \ MULT : ICR \
Baud rate = BUSCLK / (2 x MULT x (SCL DIVIDER))

IICC1‘ ICEN | IICIE : MST = TX | TXAK ' RSTA : o 0 \
Module configuration

IICS‘ TCF : IAAS : BUSY : ARBL | 0 : SRW : IICIF :RXAK‘
Module status flags

IICD‘ DATA |

Data register; Write to transmit IIC data read to read IIC data
licc2 \GCAEN: ADEXT : 0 : 0 0 : AD10 = AD9
Address configuration

Figure 11-11. lIC Module Quick Start

AD8 \
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13.3.1

Real-Time Counter (S08RTCV1)

RTC Status and Control Register (RTCSC)

RTCSC contains the real-time interrupt status flag (RTIF), the clock select bits (RTCLKS), the real-time
interrupt enable bit (RTIE), and the prescaler select bits (RTCPS).

7 6 5 4 3 2 1 0
R
RTIF RTCLKS RTIE RTCPS
w
Reset: 0 0 0 0 0 0 0 0
Figure 13-3. RTC Status and Control Register (RTCSC)
Table 13-2. RTCSC Field Descriptions
Field Description
7 Real-Time Interrupt Flag This status bit indicates the RTC counter register reached the value in the RTC modulo
RTIF register. Writing a logic 0 has no effect. Writing a logic 1 clears the bit and the real-time interrupt request. Reset
clears RTIF.
0 RTC counter has not reached the value in the RTC modulo register.
1 RTC counter has reached the value in the RTC modulo register.
6-5 Real-Time Clock Source Select. These two read/write bits select the clock source input to the RTC prescaler.
RTCLKS | Changing the clock source clears the prescaler and RTCCNT counters. When selecting a clock source, ensure
that the clock source is properly enabled (if applicable) to ensure correct operation of the RTC. Reset clears
RTCLKS.
00 Real-time clock source is the 1-kHz low power oscillator (LPO)
01 Real-time clock source is the external clock (ERCLK)
1x Real-time clock source is the internal clock (IRCLK)
4 Real-Time Interrupt Enable. This read/write bit enables real-time interrupts. If RTIE is set, then an interrupt is
RTIE generated when RTIF is set. Reset clears RTIE.
0 Real-time interrupt requests are disabled. Use software polling.
1 Real-time interrupt requests are enabled.
3-0 Real-Time Clock Prescaler Select. These four read/write bits select binary-based or decimal-based divide-by
RTCPS values for the clock source. See Table 13-3. Changing the prescaler value clears the prescaler and RTCCNT
counters. Reset clears RTCPS.
Table 13-3. RTC Prescaler Divide-by values
RTCPS
RTCLKSI[0]
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(] off | 23 | 25 | 26 | 27 | 28 | 29 | 210 | 4 2 22 | 10 | 2% | 10% |5x10?| 103
1 off | 210 | 211 | 212 | 213 | 214 | 215 | 516 | 103 | 2x103 | 5x10% | 10* | 2x10% | 5x10% | 10° |2x10°
MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Real-Time Counter (S0O8RTCV1)

13.3.2 RTC Counter Register (RTCCNT)
RTCCNT is the 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 a main 8-bit up-counter with an 8-bit modulo register, a clock source selector,
and a prescaler block with binary-based and decimal-based selectable 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 the internal clock (IRCLK). The RTC clock select bits (RTCLKS) select the desired clock
source. If a different value is written to RTCLKS, the prescaler and RTCCNT counters are reset to 0x00.

MC9S08SG8 MCU Series Data Sheet, Rev. 8
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Serial Communications Interface (S08SCIV4)

Table 14-5. SCIS1 Field Descriptions

Field

Description

TDRE

Transmit Data Register Empty Flag — TDRE is set out of reset and when a transmit data value transfers from
the transmit data buffer to the transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read
SCIS1 with TDRE = 1 and then write to the SCI data register (SCID).

0 Transmit data register (buffer) full.

1 Transmit data register (buffer) empty.

Transmission Complete Flag — TC is set out of reset and when TDRE = 1 and no data, preamble, or break
character is being transmitted.
0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).
TC is cleared automatically by reading SCIS1 with TC = 1 and then doing one of the following three things:
* Write to the SCI data register (SCID) to transmit new data
* Queue a preamble by changing TE from 0 to 1
* Queue a break character by writing 1 to SBK in SCIC2

RDRF

Receive Data Register Full Flag — RDRF becomes set when a character transfers from the receive shifter into
the receive data register (SCID). To clear RDRF, read SCIS1 with RDRF = 1 and then read the SCI data register
(SCID).

0 Receive data register empty.

1 Receive data register full.

IDLE

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

To clear IDLE, read SCIS1 with IDLE = 1 and then read the SCI data register (SCID). After IDLE has been
cleared, it cannot become set again until after a new character has been received and RDRF has been set. IDLE
will get set only once even if the receive line remains idle for an extended period.

0 No idle line detected.

1 Idle line was detected.

Receiver Overrun Flag — OR is set when a new serial character is ready to be transferred to the receive data
register (buffer), but the previously received character has not been read from SCID yet. In this case, the new
character (and all associated error information) is lost because there is no room to move it into SCID. To clear
OR, read SCIS1 with OR = 1 and then read the SCI data register (SCID).

0 No overrun.

1 Receive overrun (new SCI data lost).

Noise Flag — The advanced sampling technique used in the receiver takes seven samples during the start bit
and three samples in each data bit and the stop bit. If any of these samples disagrees with the rest of the samples
within any bit time in the frame, the flag NF will be set at the same time as the flag RDRF gets set for the character.
To clear NF, read SCIS1 and then read the SCI data register (SCID).

0 No noise detected.

1 Noise detected in the received character in SCID.
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Serial Peripheral Interface (S08SPIV3)

15.5 Functional Description

An SPI transfer is initiated by checking for the SPI transmit buffer empty flag (SPTEF = 1) and then

writing a byte of data to the SPI data register (SPID) in the master SPI device. When the SPI shift register
is available, this byte of data is moved from the transmit data buffer to the shifter, SPTEF is set to indicate
there is room in the buffer to queue another transmit character if desired, and the SPI serial transfer starts.

During the SPI transfer, data is sampled (read) on the MISO pin at one SPSCK edge and shifted, changing
the bit value on the MOSI pin, one-half SPSCK cycle later. After eight SPSCK cycles, the data that was
in the shift register of the master has been shifted out the MOSI pin to the slave while eight bits of data
were shifted in the MISO pin into the master’s shift register. At the end of this transfer, the received data
byte is moved from the shifter into the receive data buffer and SPREF is set to indicate the data can be read
by reading SPID. If another byte of data is waiting in the transmit buffer at the end of a transfer, it is moved
into the shifter, SPTEF is set, and a new transfer is started.

Normally, SPI data is transferred most significant bit (MSB) first. If the least significant bit first enable
(LSBFE) bit is set, SPI data is shifted LSB first.

When the SPI is configured as a slave, its SS pin must be driven low before a transfer starts and SS must
stay low throughout the transfer. If a clock format where CPHA = 0 is selected, SS must be driven to a
logic 1 between successive transfers. If CPHA = 1, SS may remain low between successive transfers. See
Section 15.5.1, “SPI Clock Formats” for more details.

Because the transmitter and receiver are double buffered, a second byte, in addition to the byte currently
being shifted out, can be queued into the transmit data buffer, and a previously received character can be
in the receive data buffer while a new character is being shifted in. The SPTEF flag indicates when the
transmit buffer has room for a new character. The SPRF flag indicates when a received character is
available in the receive data buffer. The received character must be read out of the receive buffer (read
SPID) before the next transfer is finished or a receive overrun error results.

In the case of a receive overrun, the new data is lost because the receive buffer still held the previous
character and was not ready to accept the new data. There is no indication for such an overrun condition
so the application system designer must ensure that previous data has been read from the receive buffer
before a new transfer is initiated.

15.5.1 SPI Clock Formats

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the SPI
system has a clock polarity (CPOL) bit and a clock phase (CPHA) control bit to select one of four clock
formats for data transfers. CPOL selectively inserts an inverter in series with the clock. CPHA chooses
between two different clock phase relationships between the clock and data.

Figure 15-10 shows the clock formats when CPHA = 1. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting at the first SPSCK edge and bit 8 ending one-half SPSCK cycle
after the sixteenth SPSCK edge. The MSB first and LSB first lines show the order of SPI data bits
depending on the setting in LSBFE. Both variations of SPSCK polarity are shown, but only one of these
waveforms applies for a specific transfer, depending on the value in CPOL. The SAMPLE IN waveform
applies to the MOSI input of a slave or the MISO input of a master. The MOSI waveform applies to the
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Timer/PWM Module (S08TPMV3)

» Edge-aligned PWM mode

The value of a 16-bit modulo register plus 1 sets the period of the PWM output signal. The channel
value register sets the 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 signals are aligned with the beginning of the period, which is the same for all channels within
a TPM.

» 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
matches the channel value register while counting up, the PWM output becomes inactive. This type
of PWM signal is called center-aligned because the centers of the active duty cycle periods for all
channels are aligned with a count value of zero. This type of PWM is required for types of motors
used in small appliances.

This is a high-level description only. Detailed descriptions of operating modes are in later sections.

16.1.7 Block Diagram

The TPM uses one input/output (I/O) pin per channel, TPMxCHn (timer channel n) where n is the channel
number (1-8). The TPM shares its I/O pins with general purpose I/O 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 a free-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 17
Development Support

17.1 Introduction

Development support systems in the HCS08 include the background debug controller (BDC) and the
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that
provides a convenient interface for programming the on-chip FLASH and other nonvolatile memories. The
BDC is also the primary debug interface for development and allows non-intrusive access to memory data
and traditional debug features such as CPU register modify, breakpoints, and single instruction trace
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test
modes). Debug is done through commands fed into the target MCU via the single-wire background debug
interface. The debug module provides a means to selectively trigger and capture bus information so an
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis
without having external access to the address and data signals.

17.1.1  Forcing Active Background

The method for forcing active background mode depends on the specific HCS08 derivative. For the
MC9S08SGS8, you can force active background after a power-on reset by holding the BKGD pin low as
the device exits the reset condition. You can also force active background by driving BKGD low
immediately after a serial background command that writes a one to the BDFR bit in the SBDFR register.
Other causes of reset including an external pin reset or an internally generated error reset ignore the state
of the BKGD pin and reset into normal user mode. If no debug pod is connected to the BKGD pin, the
MCU will always reset into normal operating mode.
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17.3 On-Chip Debug System (DBG)

Because HCS08 devices do not have external address and data buses, the most important functions of an
in-circuit emulator have been built onto the chip with the MCU. The debug system consists of an 8-stage
FIFO that can store address or data bus information, and a flexible trigger system to decide when to capture
bus information and what information to capture. The system relies on the single-wire background debug
system to access debug control registers and to read results out of the eight stage FIFO.

The debug module includes control and status registers that are accessible in the user’s memory map.
These registers are located in the high register space to avoid using valuable direct page memory space.

Most of the debug module’s functions are used during development, and user programs rarely access any
of the control and status registers for the debug module. The one exception is that the debug system can
provide the means to implement a form of ROM patching. This topic is discussed in greater detail in
Section 17.3.6, “Hardware Breakpoints.”

17.3.1 Comparators A and B

Two 16-bit comparators (A and B) can optionally be qualified with the R/W signal and an opcode tracking
circuit. Separate control bits allow you to ignore R/W for each comparator. The opcode tracking circuitry
optionally allows you to specify that a trigger will occur only if the opcode at the specified address is
actually executed as opposed to only being read from memory into the instruction queue. The comparators
are also capable of magnitude comparisons to support the inside range and outside range trigger modes.
Comparators are disabled temporarily during all BDC accesses.

The A comparator is always associated with the 16-bit CPU address. The B comparator compares to the
CPU address or the 8-bit CPU data bus, depending on the trigger mode selected. Because the CPU data
bus is separated into a read data bus and a write data bus, the RWAEN and RWA control bits have an
additional purpose, in full address plus data comparisons they are used to decide which of these buses to
use in the comparator B data bus comparisons. [f RWAEN = 1 (enabled) and RWA = 0 (write), the CPU’s
write data bus is used. Otherwise, the CPU’s read data bus is used.

The currently selected trigger mode determines what the debugger logic does when a comparator detects
a qualified match condition. A match can cause:

» Generation of a breakpoint to the CPU

» Storage of data bus values into the FIFO

» Starting to store change-of-flow addresses into the FIFO (begin type trace)

» Stopping the storage of change-of-flow addresses into the FIFO (end type trace)

17.3.2 Bus Capture Information and FIFO Operation

The usual way to use the FIFO is to setup the trigger mode and other control options, then arm the
debugger. When the FIFO has filled or the debugger has stopped storing data into the FIFO, you would
read the information out of it in the order it was stored into the FIFO. Status bits indicate the number of
words of valid information that are in the FIFO as data is stored into it. If a trace run is manually halted by
writing 0 to ARM before the FIFO is full (CNT = 1:0:0:0), the information is shifted by one position and
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Appendix A
Electrical Characteristics

A.1 Introduction

This section contains electrical and timing specifications for the MC9S08SGS Series of microcontrollers
available at the time of publication.

The MC9S08SGS8 Series includes both:

» Standard (STD) — devices that are standard-temperature rated.
» AEC Grade 0 — devices that are high-temperature rated.

A.2 Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate:

Table A-1. Parameter Classifications

P Those parameters are guaranteed during production testing on each individual device.

c Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations.

Those parameters are achieved by design characterization on a small sample size from typical devices

T under typical conditions unless otherwise noted. All values shown in the typical column are within this
category.
D Those parameters are derived mainly from simulations.
NOTE

The classification is shown in the column labeled “C” in the parameter
tables where appropriate.

A.3 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not
guaranteed. Stress beyond the limits specified in Table A-2 may affect device reliability or cause
permanent damage to the device. For functional operating conditions, refer to the remaining tables in this
section.
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Appendix A Electrical Characteristics

A.4 Thermal Characteristics

This section provides information about operating temperature range, power dissipation, and package
thermal resistance. Power dissipation on I/O pins is usually small compared to the power dissipation in
on-chip logic and voltage regulator circuits, and it is user-determined rather than being controlled by the
MCU design. To take Py, into account in power calculations, determine the difference between actual pin
voltage and Vg or Vpp and multiply by the pin current for each I/O pin. Except in cases of unusually high
pin current (heavy loads), the difference between pin voltage and Vgg or Vpp will be very small.

Table A-3. Thermal Characteristics

Temp Rated’
Num C Rating Symbol Value Unit Standar AEC
d Grade 0
1 — Operating temperature range T to Ty
(packaged)
C —40 to 85 X
\Y —40to 105 C X
M TA —4010 125 X
w —40 to 150 X
2 D Maximum junction temperature °C
C T, 95 X
Vv 115 X
M 135 X
w 155 X
D Thermal resistance 23 Airflow at Natural
Single-layer board 200 ft/min Convection
3 8-pin NB SOIC Oun 131 153 X
16-pin TSSOP 115 135 °C/W X X
20-pin TSSOP 95 115 X
4 D Thermal resistance®* Airflow at Natural
Four-layer board 200 ft/min Convection
8-pin NB SOIC Oun 95 102 X
16-pin TSSOP 86 94 °C/W X X
20-pin TSSOP 69 76 X

' Electrical characteristics only apply to the temperature rated devices marked with x.

2 Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature,
ambient temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

3 Junction to Ambient Natural Convection

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 285



Appendix A Electrical Characteristics
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