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MC9S08SG8 Features

8-Bit HCS08 Central Processor Unit (CPU)

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

Random-access memory (RAM)

Power-Saving Modes

Two very low power stop modes
Reduced power wait mode

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

Clock Source Options

Oscillator (XOSC) — Loop-control Pierce
oscillator; Crystal or ceramic resonator range of
31.25 kHz to 38.4 kHz or 1 MHz to 16MHz

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 or 3% deviation for
temperature > 125 °C and voltage; supports bus
frequencies from 2 MHz to 20MHz.

System Protection

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 nine trigger
modes. Eight deep FIFO for storing
change-of-flow address and event-only data.
Debug module supports both tag and force
breakpoints.

Peripherals

e ADC — 12-channel, 10-bit resolution, 2.5 us
conversion time, automatic compare function,
temperature sensor, internal bandgap reference
channel; runs in stop3

* ACMP — Analog comparator 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

¢ [lIC — 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

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

e 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

e 16 general purpose I/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

e 20-TSSOP (not available on high-temperature
rated devices)

* 16-TSSOP

¢ 8-SOIC (not available on high-temperature rated
devices)
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Revision History

To provide the most up-to-date information, the revision of our documents on the World Wide Web will be

the most current. Your printed copy may be an earlier revision. To verify you have the latest information

available, refer to:
http://freescale.com/

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

Revision
Number

Revision
Date

Description of Changes

0

15 Dec 2006

Initial alpha customer release version; Preliminary

June 2007

Samples Draft. Updated book with the latest TPM v3 module. Includes some
minor edits to the IIC module to update the Module Quick Start. Fixed the
SOPT1 bits 1 and 0 to be RESERVED for both READ and WRITE. Changed all
the Reset states of the Slew Rate Enable Registers (PTASE, PTBSE, and
PTCSE) bits from 1 to 0 due to silicon functional change.

11/2007

Market Launch. Updated the Electricals and Device Numbering scheme informa-
tion.

12/2007

* Fixed typos: Chapter 7 heading corrected version to v2, and Figure 16-1. title
corrected to read ..”TPM Modules Highlighted.”

* Table A-3. Thermal Characteristics row 1, V and M entries were transposed. V
now refers to value -40 to 105°C and M now refers to value -40 to 125°C. Added
row 2, parameter classification of “D” and row 4 symbol of "0,

* Table A-6. DC Characteristics, row 8 Input Hysteresis, corrected units from mV
toV.

3/2008

* SPI block corrected to be version 3 of the module.

e Temperature Sensor values corrected to reflect the ADC 5V in Section 9.1.4
Temperature Sensor and Table A-12. ADC Characteristics.

* Provided Maximum juncture temperature for C, V, and M Temperature ranges.

e Corrected Table A-6, row 10 separated to two pins: PTB6/SDA/XTAL, RESET.

» Corrected block diagrams User Flash and User RAM listing typos to be SG8
and SG4 instead of SH8 and SH4.

¢ Updated the Revision History for Revision Number 1 to include the information
on the Slew Rate Enable Register changes that occurred for that revision.

6/2008

* Added ICS over Temperature graph to Electricals appendix.

© Freescale Semiconductor, Inc., 2006-2014. All rights reserved.
This product incorporates SuperFlash® Technology licensed from SST.
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Revision
Number

Revision
Date

Description of Changes

7/2009

* Revised NV Register OXFFAE address to have dashes instead of Os.

* Revised NVOPT register in Table 4-4 and Figure 4-6 so that Reserved is indi-
cated with em dashes (—).

e Changed ICS FLL deviation to 1.5% from 2%.

e Table A-9, Row 1and Table A-6 footnote 10: Removed temperature reference. ¢
Table A-9, Row 9: Changed Column C to “D” and Max to “1.5%”

* Removed section A.14.2.

¢ Updated Mechanical drawings to point to the Freescale web.

¢ Rebuilt book to ensure proper footers and pagination.

¢ Revised all "Reserved" vector space memory locations in Table 4-1 to read,
"Unused Vector Space (available for user program)."

7/2011

* Revised to include high-temperature (up to 150 °C) devices for 16-pin TSSOP
package.

¢ In Table 2-1, added TCLK to row 20 and Alt 3 column.

¢ Updated “How to Reach Us” information.

1/2014

Changes done in Chapter 3, “Modes of Operation”.
Updated Table 3-1
Updated PPDC column to “x” from “0” for the specification
STOPE=1,ENBDM=0,LVDE and LVDSE =both bits must be 1.
Changes done in Appendix A, “Electrical Characteristics”
¢ In Table A-6. DC Characteristics for column “Characteristic’ moved “Reset”
from parameter “P” to “C”.
¢ In the Table A-6 added note 11 and 12 for parameter #18.
Note 11: Device functionality is guaranteed between the LVD threshold VLVDO
and VDD Min.When VDD is below the minimum operating voltage (VDD Min),
the analog parameters for the 10 pins, ACMP and ADC, are not guaranteed to
meet data sheet performance parameters.
Note 12: In addition to LVD, it is recommended to also use the LVW feature. LVW
can trigger an interrupt and be used as an indicator to warn that the VDD is drop-
ping,so that the software can take actions accordingly before the VDD drops
below VDD Min.
* Table A-13. Control Timing.
For the parameter “Internal low power oscillator period” changed the “Min”
value from “800” to “700”.

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor







Contents

Section Number Title Page
Chapter 1 DeVvice OVEIVIEW .....ccceeeeeeeciiissrsrsnnssnnmssssssssssssssssss s s s ssnnnnmmnnsnes 21
Chapter 2 Pins and Connections...........ccccmmmmmmmmmmeeesnssnnnnnnnn s snnnssssssnes 25
Chapter 3 Modes of Operation..........ccccommmmmmemme s 33
Chapter 4 1= 3 Lo 39
Chapter 5 Resets, Interrupts, and General System Control.................. 61
Chapter 6 Parallel Input/Output Control.......ccceeeeeeeeciiiiiiiiriirnrrnneeeeeeanens 75
Chapter 7 Central Processor Unit (S08CPUV2)........cccoimmmmmmmmmmnnnnssnnnnnns 91
Chapter 8 5-V Analog Comparator (S08ACMPV2).......cceeeeeciiiiinrrrrrnnnnns 111
Chapter 9 Analog-to-Digital Converter (SO8ADCV1).........cccceiverrrrrrnnnns 119
Chapter 10 Internal Clock Source (S08ICSV2)..........cccvmmmmmmmmmmmmnnnnnnnns 147
Chapter 11 Inter-Integrated Circuit (SO8IICV2).........cccovmmmmmmmmemmmnnnnnninnnns 161
Chapter 12 Modulo Timer (SOBMTIMVT)....cceeeeeriinssnrsrrnnnessmmssss s 179
Chapter 13 Real-Time Counter (SO8RTCV1).....cceeemeeeeccirirsrrerrnnneenncennnns 189
Chapter 14 Serial Communications Interface (S08SCIV4)..................... 199
Chapter 15 Serial Peripheral Interface (SO8SPIV3) ......cccoeeeeeemmennnniinnnns 219
Chapter 16 Timer Pulse-Width Modulator (SO8TPMV3).........ccccceeeernnnns 235
Chapter 17 Development Support .........cccccmmmmmmmmmccmeessssssssee s eesnsssssne 261
Appendix A  Electrical CharacteristiCSs.......cccmmmmmmeiiiiiiiiinmnmnnnnnseeeenns 283
Appendix B Ordering Information and Mechanical Drawings................ 313

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 9



MC9S08SG8 MCU Series Data Sheet, Rev. 8

10

Freescale Semiconductor



Contents

Section Number Title Page

Chapter 1

Device Overview

1.1  Devices in the MCOSO8SGE SETIES ...cueeetiiriiiiiieitieeie ettt ettt ettt saee et steesabeesee e 21
1.2 MCU BIOCK DIQZIAM ...ueiiiiiiiiiieiiieiieeie ettt ettt ettt ettt e et esaeeestaessaessbeenseeenseenseassseenseesnseans 22
1.3 System ClocK DiStrIDULION ....cc.eieiieiiiiiiiieiiieeieeieeeie et eee et e see et eseeeaeestaeesbeesseessseesseassseensaesnseens 24

Chapter 2

Pins and Connections

2.1 Device Pin ASSIZNMENT ....cccuiiiiieiieiiiiiiieiie ettt ettt et e st e et e esbeeeabeesbeesateenbeesneeeseessbeenseenseesnseans 25
2.2 Recommended SyStem CONNECTIONS .......cccuieruieriieriieiieeiientieeteestieeteesteesteeseessaeenseessneenseessaesseens 27
221 POWET ittt ettt ettt et h e ettt e e 27
2.2.2 OSCHIAtOr (KXOSC) ettt sttt ettt e st e et e st e eateeeaeeenne 28
2.2.3  RESET Pl coteiiiiiietieee ettt et sttt ettt ettt et saees 28
2.2.4 Background / Mode Select (BKGD/MS) ...cuiiiiiiiiiiiieiieieeeeeeee e 29
2.2.5 General-Purpose I/O and Peripheral POrts ..........ccccooiriiiiiiiniininicccceceeeee 29

Chapter 3

Modes of Operation

3.1 INEEOAUCLION ettt sttt bt et et b et e b e bt et sat et s bt e bt et e eaeents 33
3.2 FRAUIES ettt ettt ettt et b e e ht e et e eat e et e e bt e et e e at e et e e bt e ebe e et e naeeeaee 33
3.3 RUN MOME it ettt ettt e bt he e et et e s et e e be e st e e bt e eneeebeeeaeeenee 33
3.4 Active Background MOAE .........ccooiiiiiiiiiiiiieiieee ettt ettt e 33
3.5 WAIEIMOAE ..ttt ettt et ettt et st e e be et e e e 34
3.6 SEOP MOGCS ...ttt ettt st h ettt b et sttt st na et eaeenaes 34
3.6.1  SEOP3 MOAE .ottt ettt ettt ettt et ettt e et e et e e teeenbeebeeneas 35
3.6.2  SEOP2 MOMAE .oviiiiieiiieiie ettt ettt ettt ae e e et e e ta e e e e nteeenba e teeerbeetaeenbeeneeneas 36
3.6.3  On-Chip Peripheral Modules in Stop MOdes .........cccevieririinieiinienieiereeeeeeeeeeeeee 36

Chapter 4

Memory

4.1 MCOSO8SGE MEMOTY IMAP ..eeiiiiiiiiiieiiieeiite ettt ettt ettt e st e e st e e st e e sabeeeaneesbaeesneeeennes 39
4.2 Reset and Interrupt Vector ASSIZNIMENTS .......c.cccveriiierieeieerieeeieentieeteesseesseeseessseenseessseeseesseessseens 40
4.3 Register Addresses and Bit ASSIZNMENLS ........cocuiiiiieiiieiiieiiie ettt ettt see et esieeeeeens 41
A4 RAM ottt h et b et h ettt h bbbt et e bt et eaee e 48
4.5 FLASH ettt ettt ettt et bt e n e bt et e ea e e bt e bt et e neenteenee e 48
N B B . 1111 (OO OO ST PPTS TSR 49
4.5.2 Program and Erase TIMES .........cccoeviieiiiiiiieiiieiieeiieice ettt eae s 49

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 11



Section Number Title Page

4.5.3 Program and Erase Command EXECULION ........c.ccccieriieiiieniiiiiiieiieeieeee et 50
4.5.4 Burst Program EXECULION ......ccceiiiiiiiiiiiiiiieeiieeeiie ettt e 51
4.5.5  ACCESS EITOTS ...eiiiiiiiiiiieee ettt ettt et s e e st e e sabeee s 53
4.5.6  FLASH BIOCK PIOteCTION ....oouviiiiiiiieiieiieniteiereit ettt st 53
4.5.7  Vector REAITECTION ....cocuuiiiiiiiiieiieie ettt sttt e 54
4.0 SECUITLY uetitieiieitieie ettt ettt ettt b ettt b et e e e e bt et e e bt e bt e st e eb e et e e st e ebt et e eatesb e et e eb e e bt eatenbe et e eane e 54
4.7 FLASH Registers and Control BitS .........ccccoooiiiiiiiiiiiiieiicieeie ettt 55
4.7.1 FLASH Clock Divider Register (FCDIV) ....ccooooiiiiiiiieeeeeeeeee e 56
4.7.2  FLASH Options Register (FOPT and NVOPT) ......ccccooiiiiiiiiniiinicniciceececcseeieene 57
4.7.3 FLASH Configuration Register (FCNFG) ......ccccoiviiiiiiiiiiiiiieieceeeeee e 58
4.7.4 FLASH Protection Register (FPROT and NVPROT) ....cccooviiiiiiiiiiieeeeee e, 58
4.7.5 FLASH Status Register (FSTAT) ....cooouiiiiieee e 59
4.7.6 FLASH Command Register (FCMD) .......ccciiiiiiiiiiiieiicieeee et 60
Chapter 5
Resets, Interrupts, and General System Control
5.1 INEFOAUCTION ..ttt ettt e b e e at e et eshb e et e e heeeabeeeaeeeab e e bt e eseeenbeesaeeenne 61
5.2 FEATUIES ..eeiuiiiiiiieeeite ettt ettt e a et e bt e et e ettt e et e e e ab e e e eab e e e bt e e e bt e e eab et e nab e e s nreesaeeas 61
5.3 MOCU RESEL ..ttt ettt e a e ettt et sat e et e bt et e sae e e be e e e 61
5.4 Computer Operating Properly (COP) Watchdog ..........coooviieiiiiiiiiieieeeeeeee e 62
5.5 TIEETTUPLS ettt ettt et e et e ettt e ettt e sab e e e eab e e e bt e e s bt e e nabeeenabeeebreesabeeas 63
5.5.1 Interrupt Stack Frame .......cccccoooiiiiiiiiiiieiii ettt et 64
5.5.2 Interrupt Vectors, Sources, and Local Masks .........ccceeviiiviiiieiiiieiieececeee e 65
5.6 Low-Voltage Detect (LVD) SYSTEIM ....ccuiiiiiriiiiiiieiiiicrieeceece ettt 67
5.6.1 Power-On Reset OPeration ..........cceccierieriieriienieeiieesieeteeniee e esteesaeeeseeseaeeseesseesnseeenas 67
5.6.2 Low-Voltage Detection (LVD) Reset Operation ...........ccceeeevieeviieeiieeeiieeeiie e 67
5.6.3 Low-Voltage Warning (LVW) Interrupt Operation ...........cccceveevuervereenienieneenieneeneneenn. 67
5.7 Reset, Interrupt, and System Control Registers and Control Bits ..........ccccceeviiviiieniiiiiienieeiieene 67
5.7.1 System Reset Status Register (SRS) ....ccviieiiioiiieeeeee e 68
5.7.2  System Background Debug Force Reset Register (SBDFR) .......ccccvviviiniiniiiiiniininnne 69
5.7.3 System Options Register 1 (SOPTL) ...cccoioiiiiiiiiieiiiectee et 70
5.7.4 System Options Register 2 (SOPT2) ...ccviioiiieieeeeeeee et 71
5.7.5 System Device Identification Register (SDIDH, SDIDL) ....cc.ccccceviininiiiniininiineccnene 72
5.7.6  System Power Management Status and Control 1 Register (SPMSC1) .......ccccevvveneenee. 73
5.7.7 System Power Management Status and Control 2 Register (SPMSC2) .....ccccccvvevveeenneen. 74
Chapter 6
Parallel Input/Output Control
6.1 Port Data and Data DIFECHION .......cecueiiiiiiiiiiiieiieeie ettt ettt et et esaee e 75
6.2  Pull-up, Slew Rate, and Drive Strength ............ccoociiiiiiiiiiii e 76
LT B € 1 Ye(<Ta 0 10130 PSSR 77
0.4 PN INTETTUPLS .oeeiiiiiiiieiie ettt ettt et et e bt e bt e et e e bt e eabeesaeeeabeenbeesneeenseenaeeenne 78
MC9S08SG8 MCU Series Data Sheet, Rev. 8
12 Freescale Semiconductor



Section Number Title Page

6.5
6.6

7.1

7.2

7.3

7.4

7.5

8.1

6.4.1  Edge Only SENSIIVILY ...cccuieriiiiiieiieeiieie ettt ettt et sseeebe et e enbeesaesnbeenneeeneas 78
6.4.2 Edge and Level SEnSItIVILY ......ccccvuieriieiieiiieiieeieeieeeee ettt seeeeve e e esseessaeenveesseeennas 78
6.4.3  Pull-up/Pull-dOWn RESISOTS .....ccviieiiiiiiiiieciiieciie ettt e e e e 79
6.4.4  Pin Interrupt InTtialiZation ...........ccceeiiiiiiiiiiiiiiece e et 79

Pin Behavior in StOP MOAES .....c.eovuiiiiiiiiiiiieieeie ettt ettt sve et e e esaesabeeneaenseensnas 79

Parallel I/O and Pin Control REZISTETS .....c.uiieiuiiieiiieeiie ettt ettt eaae e e e snee s 79
6.6.1  POIT A REZISTETS ..eeevieiiieiieiiieeie ettt ettt ettt et e et e e beesnte et e e sabeesseessaeensaenseasnseensnas 80
6.0.2  POTt B REZISTETS ..uviiiiiiiiiiieiiieeeiie ettt ettt ettt e et eetee e enbeeenbeeenaeeensaeeenneeas 84
L O T o0 o A O 2T 4 ] £ TSRS 88

Chapter 7
Central Processor Unit (S08CPUV2)

INETOAUCTION ..ttt ettt b et e a e bttt s bt e sbe et e bt et e et esbeenteeaee e 91
To1i1 FEALUTES oottt ettt ettt et b e st et e et et e st e s e e naees 91

Programmer’s Model and CPU REZISIETS .....ccveiiiuiiieiiieeiiieeieeeieeeeieeesiteeeiveeeeeeeveeesaeeeseveeeenees 92
7.2.1  ACCUMUIALOT (A) eriiiiiiieiie ettt et e et e b e e e e ear e e eaaeeeaaaeeeabeeeeaseeesnseeenseeas 92
7.2.2  Index ReIStEr (HiX) .uviioiiiiiiiiieiieeie ettt ettt et e s eesaeeaaeenneennnas 92
7.2.3  Stack POINLET (SP) weeoeiiieiieeeeee ettt ettt e e e e aae e enae e ennneas 93
7.2.4  Program Counter (PC) ......oooiiiiiiiiiiiieeeeeee ettt et et 93
7.2.5 Condition Code Register (CCR) .....ocouiiiiiiiiiiiieeiieieece et e 93

AdAIeSSING MOAES ....ooceviiiiiieiiie et et e et e et e e et e e e stte e e taeessaeesssaeessseeessseeesseeensseesnseas 94
7.3.1 Inherent Addressing Mode (INH) .......oooiiiiiiiiiiiiieiieecee e 95
7.3.2  Relative Addressing Mode (REL) ......oooiiiiiiiiiiiiicieeceeeee e 95
7.3.3 Immediate Addressing Mode (IMM) .......cooiiiiiiiiieiiie e e 95
7.3.4 Direct Addressing Mode (DIR) .....cooouiiiiiiiiiiiieieeeeeeee et 95
7.3.5 Extended Addressing Mode (EXT) ....oooveiiiiiieiiieiieeieeieesee et 95
7.3.6 Indexed AdAressing MOAE ........cceeeiiiiiiiiieiiieee e e eere e e 95

SPECIAL OPETALIONS ...evvieniieeitieiieeiieeiie et eeite et et e ete e tteeebeesseeebe e seeeaseesseeeaseeseeasseeseesnseenseenssesnsaens 96
3 R A G AN T 1<) s Lo RSP RRR 97
7.4.2  INEEITUPE SEQUEICE ..eevieiiiiiieeeiiiieeeiiiteeeert e e estteeesiteeeeesntteeeessbaeeessnsteeeeenaseeeeannssaeeennsees 97
7.4.3  Wait MOde OPEIatiON .....cc.eevuiieiieiieeiieiie et eriee ettt e eee bt eeateeteesseeebeesseeenseenseesnseeseesnnas 98
7.4.4  Stop MO OPETAtION .....ccveevuiieiiiiiieeiieiieeieeeieeereesteesteebeesaeebeesseeenseesseeesseeseessseeseessnas 98
7.4.5 BGND INSIUCHION .iouviiiiiiieiiieeeiie ettt et e e te e et e e e te e e beeeseseeesaeesssaeeesaeessseeessseeeseeas 98

HCSO08 InStruction St SUMMATY .....ccueeeiiiiiieiiieiieiie et eriee et eiteete et e seeesbeesseessbeesaessseasseessneesnas 99

Chapter 8
5-V Analog Comparator (S0O8ACMPV2)

INEPOAUCTION ..ottt et ettt e bbbt e bt e st e bt e b e 111
8.1.1 ACMP Configuration Information ..........c..cccceeveiriiiiiiinieiiinicneeseeeeene e 111
8.1.2 ACMP in StOP3 MOAE ....eiiiiiiiiiiiiieiieee ettt ettt ettt et e 111
8.1.3 ACMP/TPM Configuration INformation .............ccccceeevieriiiiiienienieenieeie e 111
T R S YT 5 {1 USSP 113

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 13



Section Number Title Page

8.1.5 MO0des OF OPETAtION .....oeiiiiiiieiieiiiieiieeie ettt ette ettt be et e b e e seeenbeebeesnseenseeeaseenne 113
8.1.6  BIOCK DIQ@Iam ......cccviiiiiiiiiiiieiieecie ettt ettt e 113
8.2 External Signal DESCIIPLION ....c..cocuiiiiiiiiiiiiiiiiniierieeeet ettt sttt 115
TN T\ (53111 ) ALY 21 o OO SRR 115
8.3.1  RegiSter DESCIIPLIONS ..ecvviieiiieeiiieeiieeeiieeetee et e eete e et e e e steeesraeeeaeeeenseeesnseeessseeenaseeennes 115
8.4  Functional DESCIIPLION ....ccueeiiiiiiiiiieiie ittt ettt ettt e et e st e et stee s beesbeesabeebeesnteebeesneeenseens 117
Chapter 9
Analog-to-Digital Converter (S08ADCV1)
0.1 INETOAUCLION ..ttt ettt sttt et h et e b e sb e et e bt e bt estesbe et e sbeenaeenneas 119
0.1.1 Channel ASSIZNIMENLS .......ccecuiieriiieeiiieeiiieeiieeeieeeeeieeesteeessaeeesaeeeseeessseeessseeesseesssseennnes 119
0.1.2  AIternate ClOCK .....couiiiiiiiiieiieie ettt ettt st e e 120
0.1.3  Hardware TTIZEEI ......occuieriiieiieiieeieeite ettt ettt ettt et e st e ebeessaesabeeseesnseenseesnseens 120
0.1.4  TemMPETAtUIE SENSOT ...cceiiuiiieeiiiiiieeeiiieeeeetitee e et ee e e et e e e s sbaeeeessbeeeeesnsaeeeessaeeeesnnnseaeannns 120
0.1.5  FRALUIES ..eeiiiiiieiitie ettt ettt e eab e et e et e st e e st e e s eenaaee e 123
0.1.6  BlOCK DIQGIAM ....ooiiiiiiiieiiiciieiie ettt ettt ettt et e et e et e e nbeebeesnreenseens 123
9.2 External Signal DeSCTIPLION ......ccciiiiiiiiiiiiiieeiiieesiieeeite et e et e e et e eseveeeseaeesaeeesnsaeessseeessseeensseesnnns 124
0.2.1  ANAlOZ POWET (VD AD) «eevveeveerreermemmemiemueniienieetenieentesitesteetesseesseessesueensesasesseenseensesseennes 125
0.2.2  Analog Ground (VGGAD) ««--«e-eereerrerrererimertetetetetentestessessesse st eseeaeessessessessessessesaeenesaens 125
9.2.3 Voltage Reference High (VRERH) «eveeoveervereememrmemieienieneciesieesieetesie et 125
9.2.4 Voltage Reference LOW (VREEL) «eoeovereeremirinieieiceieesieseeie ettt 125
9.2.5 Analog Channel INPuts (ADX) ....ccceeriiiiiiirieeiieie ettt et sreesee s 125
0.3 Re@IStEr DETINITION ...eicuiiiiiiieeiiieeie ettt ettt e e e et e e et eeeta e e e saaeeesseeensaeesnsaeensseeenseeennns 125
9.3.1 Status and Control Register 1 (ADCSC1) ...oooiiiiiiiiieee e 125
9.3.2 Status and Control Register 2 (ADCSC2) ....oovieiiiiiieiieeie ettt 127
9.3.3 Data Result High Register (ADCRH) ........cooiiiiiiieieeee et 128
9.3.4 Data Result Low Register (ADCRL) ...cccuoiiiiiiiiiiiiiciee et 128
9.3.5 Compare Value High Register (ADCCVH) .......ccooiiiiiiiiiiiiieieeeeee e 129
9.3.6 Compare Value Low Register (ADCCVL) ....ooooiiieiiiiiieecie et 129
9.3.7 Configuration Register (ADCCFQG) .....cocuoviiiiiiiiiiiiieienieceteeceeeee et 129
9.3.8 Pin Control 1 Register (APCTLL) ..ccciiiiieiieie ettt 131
9.3.9 Pin Control 2 Register (APCTL2) ...uviiiiiieeieeeee ettt 132
9.3.10 Pin Control 3 Register (APCTL3) ..ccuiiiiiiiieie ettt 133
0.4 Functional DESCIIPLION .....ccuiieiieiiiiiiieiie ettt ettt ettt ettt e e te et e et e eteeeabeesbeesnseenseesnseenseensnas 134
9.4.1 Clock Select and Divide Control .........cccoooiiiiiiiiiiiiiee e 134
9.4.2 Input Select and Pin Control ..........ccooieiiiiiiiiiiiieieceeeece s 135
0.4.3  HAardware TTIZZET ......cocuieriiiiiieiieeieeite ettt et ete et et e et e eiteebeessaesnbeesseeenseenseesnseens 135
0.4.4  Conversion CONIOL .......ooiiiiiiiieiiee ettt ettt eenbee st ens 135
9.4.5 Automatic Compare FUNCLION ........cc.coiiiiiiiiiiiiiiiicieee e 138
0.4.6 MCU Wait MOde OPEIatiON ........eccuieruieeiieiieeieeiieeieettesteeteesiteeseessresnseesseesseesseesseens 138
9.4.7 MCU Stop3 MOde OPETAtION ...cccuvieeeiieeiiieeiieeeieeeeieeesieeeseteeesereeesseeesseeessseeesseeessseennns 138
9.4.8 MCU Stopl and Stop2 Mode OPeration ..........cccceceevuerrereerienienieieneenieeee e seenees 139
MC9S08SG8 MCU Series Data Sheet, Rev. 8
14 Freescale Semiconductor



Section Number Title Page

9.5 Initialization INOrMAtION ..........ccciiiiiiiiiiiiiiie ettt eaae e e enees 139
9.5.1 ADC Module Initialization EXample .........cccooiiiiiiiiiiiiieiieceeeeeeeeee e 139
9.6 Application INTOrMALION ........cccuiieiiiiiiiieciie ettt e e e e e era e e eraeesnseeennaeeennes 141
9.6.1 External Pins and ROULING ......ccccoeoiiiiiiiiiiiiiicii ettt 141
0.6.2  S0UICES OF EITOT ...oouiiiiiiiiiiiii ettt et 143
Chapter 10
Internal Clock Source (S08ICSV2)
TO.T  INEEOAUCTION ..ttt et h e et h ettt e e bt e e et e ebeesabe e bt e eateeabeesateenbeaaees 147
10.1.1 Module COnfiGUIAtION .........ccceeiiiieiiiiiiiiiieiie ettt ettt e eeebeesaaeebeesseeenseens 147
LO. 1.2 FEATUTES ..eutieiiiiiieeite ettt ettt et e b e ettt s e e b e e st e beesate e bt enbeesaneens 149
10.1.3 BIOCK DIQZIAM ..ceeiiieiiiieciiieeeeee ettt ettt e et e e eaee e s e e e enseeesnseeennseeens 149
10.1.4 M0OdeS Of OPETATION ..ccuviiiiiiiiieiiiieiiesiie et eeite et e steeteeetteebeesteesbeebeeesbeesaesnseenseessseenseens 150
10.2 External Signal DeSCTIPHION ..o...eiiiuiiiiiiiieiiiieeiie et estee et e et e et e st eeeiaeeeaaeesnseeesnbeeesnseeensseesnnns 151
10.3 Re@ISEr DETINITION ...occviiiiiiieiiie ettt stee et e e e et e e et eesteeessaaeesaeeessaeesnsaeessseeenseeennes 151
10.3.1 ICS Control Register 1 (ICSCL) .iouiiiiiiiiiiieeieeie ettt ens 152
10.3.2 ICS Control RegiSter 2 (ICSC2) .ooviiiiieiieiieeie ettt ettt et sbeesreeebeesaeenneens 153
10.3.3 ICS Trim Register (ICSTRIM) ....cuiiiiiieiieiestee ettt 154
10.3.4 ICS Status and Control (ICSSC) ....oooviiiiiiieeee et 154
10.4 Functional DESCIIPLION .....ccvieriiiiiieiieiiieiieete et e eteeteestee et esteeebeesaeeesseessaessseeseeesseeseesnseesseenseas 155
10.4.1 OperatioNal MOAES .......ccocviieiiiieiiieeeiie ettt ettt eetee e s e e s e esaaeeeaaeeesseeensaeesnseeeens 155
10.4.2 MOA@ SWILCHING ...ooouiiiiiiiiiiiiieie ettt sttt te et e s aeebeesaaeesbeessaeenseens 157
10.4.3 Bus Frequency DIVIAET .......cccoooiioiiieiiiiiieeie ettt ettt seaeebeessaeensaens 158
10.4.4 Low POWET Bit USAZE ...cccvviieiiiieiiicciie ettt ettt e aee e eeeeraeeeaaeeenneeens 158
10.4.5 Internal Reference CIOCK .........ccooiiiiiiiiiiiiiiicecee e 158
10.4.6 Optional External Reference ClOCK ..........cccieviiiiiiiiiienieiiiciiecie ettt 158
10.4.7 Fixed Frequency ClOCK .......cooiiiiiiiiiiecie ettt e enae e 159
Chapter 11
Inter-Integrated Circuit (S08IICV2)
TL.T INEEOAUCIION .utiiiiiiiiiieiieeit ettt ettt et a et e et st e bt e st e s bt entesbeebesseenaeennens 161
11.1.1 Module CONnfIGUIALION ....cc.eeeiiiiiieiiieeiieeeiieeeiee et eteeetee e eee et eesaeessaaeeeaseeeaaeeeneeens 161
T1.1.2 FRALUIES .uvvveieeiiiieeeeiiiie e ettt e e eeti e e ettt e e e e e e e e satteeeeesssaeeeessssaaeeessseaeesnssseeeensssaeesasssnaeeanes 163
11.1.3 MOdeS Of OPEIAtION ...c..eeiiiieiieiiiieiieeiieeieeeiie et ste et e stteebeesaeeeteesteeenbeesseesnseeseessseeseens 163
11.1.4 BlOCK DIQZIAM ..ccueiiiiiiiieiiieeieeee et ettt st et e e et e e e b e e enbeeennseeennreeens 163
11.2 External Signal DeSCIIPLION .....cc.cooiiiiiiiiiiiiiiiiiiieeterie ettt ettt 164
11.2.1 SCL — Serial ClOCK LiN@ ......cocueiiiiiiiiiiiiiiieiiisiteeeiese ettt 164
11.2.2 SDA — Serial Data LINE ......coooiiiiiiiiiiiiiiieeeeeeeee ettt 164
11.3 Re@ISter DETINItION ......ocouiiiiiiiiiiii ettt ettt e be et esaeeenbeeneas 164
11.3.1 TIC Address RegiSter (IICA) ...ccuieiieiiieiieeie ettt ettt ene e 165
11.3.2 IIC Frequency Divider Register (IICF) ......cociiiiiiiiiiiiiiieeeeeeee e 165
11.3.3 IIC Control Register (IICCT) ...ccuiiiiiiiiieiieeiiee ettt 168

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 15



Section Number Title Page

11.3.4 TIC Status Re@ister (IICS) ...cc.iiiiiiieiie ettt et ens 168
11.3.5 TIC Data I/O RegiSter (IICD) ...ccuieviieiieeiiieiieeiie ettt ettt et e e e enve s 169
11.3.6 IIC Control Register 2 (IICC2) ...oouiiiiiiiieiieee ettt 170
11.4 Functional DESCIIPLION .....ccuiiiiieiiieiieiieeieeeie et ste et et e et estaeebeesteeesbeenteesaseeseeenseenseesnseenseensnas 171
T1.4.1 TIC ProtOCO] et ettt ettt e b e saee st ens 171
11.4.2 TO-DIt AAIESS ..eeeieriieiiieeiiieecie ettt e ettt e et e e et e e s e e e sabeeesaseeeaseeesseeensaeesnnseens 174
11.4.3 General Call AdAIESS ......coeiiiiiiriiiieiieiee ettt sttt 175
LIS RESEES ettt ettt et e et e ettt e ettt e et e bttt e bt e et e e e e e e bt e e nat e e 175
L1.6  TIEETTUPES cneeieiniiieiteee ettt ettt ettt ettt e ettt e et b e e st e e e eabee e st e e sabbeesabeeesabeesseeesanee 175
11.6.1 Byte Transfer INTEITUPL .......cooviiiiieiieiie ettt ettt et e eaneens 175
11.6.2 Address Detect INTEITUPE .....cccuviieeiieeiieeeiie ettt ettt sree e e e e e e sereeeaaeeeneee e 176
11.6.3 Arbitration Lost INTEITUPE ......eoiuiiiiiiiiiiieiiee e et 176
11.7 Initialization/Application INfOrmMation ..........cccecieiiiiiiiiiiiiieiierie et 177
Chapter 12
Modulo Timer (SOS8MTIMV1)
I2.1 INEEOAUCTION ..ttt ettt ettt et h e et e s bt e e st e e ebe e st e e bt e eabe et e e saneenbeaaeas 179
12.1.1 MTIM Configuration Information ...........cccceceeviriiniiiiniiniieeeceee e 179
I2.1.2 FEATUTES ettt ettt st ettt et s e et e et et esate e e enbeesaneens 181
12.1.3 MOdes Of OPETATION .....eeeuiieeiiieeiiieeiieeeieeeeiee et e et e etteesaeeesraeesaeeeeseeessseeensseeensseeens 181
12.1.4 BIOCK DIQZIAM ...utiiiiiiiiieiie ettt ettt et et e et eebeesneeeneens 182
12.2 External Signal DESCIIPTION ......ccuieiiiiiieiieiieeiierte ettt ettt et eeteesebe e bt e s saeeseesnaeenseenseas 182
12.3 Re@IStEr DEINITION ...cociiiiiiiieiiie ettt et e et e e et e e st eesbeeessaeeesaeeensaeeensaeesnseeenseeennes 183
12.3.1 MTIM Status and Control Register (MTIMSC) .....cccoeiiiiiiiiiiiiieiee e 184
12.3.2 MTIM Clock Configuration Register (MTIMCLK) .......ccccooviiiiiiieniiniiiiieeieeiiecie e 185
12.3.3 MTIM Counter Register (MTIMOCNT) .....coooouiiiiiiieiee ettt 186
12.3.4 MTIM Modulo Register (MTIMMOD) .......coocuiiiiiiiieiieie et 186
12.4 Functional DESCIIPLION .....cccuiiiiieiiieiieiieeiee ettt eite et e stte et e teesbeesteeesbeesseeenseeseeenseeseesnseenseensnes 187
12.4.1 MTIM Operation EXample ........cccceeiiiiiiiiiiiieceiie ettt sveeesaee e ens 188
Chapter 13
Real-Time Counter (SO8RTCV1)
13,1 INEFOAUCTION .oiiiiiiiieiiiieeiie ettt ee et e ettt e et e e et e e et e e e s aaeeeaaeeessaaesssseesasseeessaeessaeensseessseeesnseeensseeennns 189
I3.1.1 FEATUTES ..ttt ettt ettt ettt ettt et sane e e enbeenaneens 191
13.1.2 MOdEs Of OPETALION .....eeeiuiieeiiieeiiieeiieeeieeeeieeeeree et e eeaeesateesreeeeaaeesseeesaseeessseeensseeens 191
13.1.3 BIOCK DIQGIAM ..utiiiiieiiieiie ettt et sttt ettt e st e e b e seeeeneens 192
13.2 External Signal DESCIIPTION ......ccuieiiiiiiiiiieiieeiieree ettt ettt et et eteesabe e bt e s sseeseesnseenseenseas 192
13.3 Re@IStEr DETINITION ...cccviieiiiieiiie ettt et e et e e et e e et e e st ee e saeeesaeeessaeeensaeesnseeenseeennns 192
13.3.1 RTC Status and Control Register (RTCSC) ......ccceeriiiiiiiiiiiiieiieeeeeeeee e 193
13.3.2 RTC Counter Register (RTCCNT) ...ccoiiiiiiiiieiieiieeieet ettt 194
13.3.3 RTC Modulo Register (RTCMOD) ......cceiiiriieiieieiieieeeie ettt 194
13.4 Functional DESCIIPLION ....ccuuieiuiiiiiieiieiiie ettt ettt et et e st e et eeseeeenbeesteesabeesseeenseebeesnseenseans 194
MC9S08SG8 MCU Series Data Sheet, Rev. 8
16 Freescale Semiconductor



Section Number Title Page

13.5

14.1

14.2

14.3

15.1

15.2

15.3

15.4

13.4.1 RTC Operation EXamPIe .........cccuieiiiiiiiiiiiiiiieieese ettt 195

Initialization/Application INfOrmMation ............cccecieriiiiiieiieiii e e e 196

Chapter 14
Serial Communications Interface (S08SCIV4)

INEEOAUCTION .ttt ettt et e et e bt e st e et e e bt e ebeesaeeenee 199
LA 1T FEATUTES ..eeiuiiiiiiiiieeite ettt ettt ettt ettt s e ettt sene e e enbeenaneens 201
14.1.2 MOdes Of OPETALION .....eeeiiiiiiiiieiieeeiieeeite ettt et e et e st e st e e eaeeeeaeeesnbeeeesseeennseeens 201
14.1.3 BlOCK DIQZIAM ..ceeiiiiiiieciiieeeeee et ettt ettt e e e e e s e e e snseeesnsaeennseeens 202

ReEgIStEr DETINITION ...eeiiiiiiiiiiiieiieie ettt ettt e et e st e et e e sseeenbe e seeenseenseesnneenne 204
14.2.1 SCI Baud Rate Registers (SCIBDH, SCIBDL) ......ccceoviiiiiiiiiiiieiieeieeieeceeeieeee e 204
14.2.2 SCI Control RegiSter 1 (SCICT) ..uviiiiiiiiieeiiie ettt 205
14.2.3 SCI Control RegiSter 2 (SCIC2) ..cuiiiiiiiiieiieciie ettt ettt st eane s 206
14.2.4 SCI Status RegiSter 1 (SCIST) .oooiiiiiiieiie ettt e 207
14.2.5 SCI Status Register 2 (SCIS2) ...cuiiiiiieieiierieeie ettt st 209
14.2.6 SCI Control RegiSter 3 (SCIC3) .ooouiiiiiiiieeiieiie ettt ettt s s 210
14.2.7 SCI Data RegiSter (SCID) ..ccouiiiiiiiieiieeeiie ettt ettt e aee e ebee e snaeeennreeens 211

Functional DESCIIPTION ....cc.uiiiiiiieiiiie ettt e et e et e et e e st e e staeeesaeeeaaeeensaeessseeennseeennns 211
14.3.1 Baud Rate GENEration ............ccceeiiieiieiiiieiieeieeiie e eite st esieeste et esaeebeesaaeebeessseenseens 211
14.3.2 Transmitter Functional DESCIIPON .......ceeviieiieiiiiiiieiieeie ettt eaeens 212
14.3.3 Receiver Functional DESCIIPHION ......c..ccccviiiriieiiiieeiiee e ettt eeee e evee e sveeesaaeeeaaee e 213
14.3.4 Interrupts and Status F1ags ........coeoieiiiiiiiiiieeiieeeie ettt ens 215
14.3.5 Additional SCI FUNCLIONS ....c.eeoiieiiieriieiiieiieeieeeie et eeiee et et esve et eeaeeseesnaeeseessseenseens 216

Chapter 15
Serial Peripheral Interface (S08SPIV3)

INEEOAUCTION .ttt b e et et e et et e st e et e e saeeebeesaeeenee 219
I5.1.1 FEATUTES ..eeuiiiiiiiiieeite ettt ettt ettt ettt et s et et sate e b ebeenaneens 221
15.1.2 BlOCK DIQZIAMS ....oiiiiiiiiiiieeiieeeiee ettt ettt ete e st e e et e e e e esnseeeenseeenseesnseeens 221
15.1.3 SPI Baud Rate GENEration ..........cccceeiieiiiiiiiieieeniie ettt ettt ettt e s ens 223

External Signal DESCIIPLION .....c.ecouiiiiiieiiieiiieiiieeie ettt ettt ettt ettt e et e e saeeesbe e b e saseeseesnneenne 224
15.2.1 SPSCK — SPI Serial ClOCK ......c.ooiiiiiiiiiiiiieiiecie ettt ettt enaens 224
15.2.2 MOSI — Master Data Out, Slave Data In ............ccooooiiiiiiiiiiiiiiccceeeeeee e 224
15.2.3 MISO — Master Data In, SIave Data QUL .....cccevvviiieiiiiiiiiieiiieeeeeeeeeeeeeeee e 224
15.2.4 SS —— SIAVE SEIECT vvuvvuiereeriireiscieeeeeesesise sttt ettt 224

MOAES OF OPETALION ...ttt ettt ettt ettt et sae e et et e saeeneeas 225
15.3.1 SPLIn StOP MOAES ...oiouiiiiiiiiieeiie ettt ettt ettt et et e sbeeenbeeseesaneens 225

Re@ISter DEfINITION ...cocuviiiiiiiiiiiie ettt e e e e et e e esaeeessaeeenseeenees 225
15.4.1 SPI Control Register 1 (SPICT) ...ccuiiiiiiiiiiiee ettt 225
15.4.2 SPI Control Register 2 (SPIC2) ...cc.ooiiiiiiiieeieee ettt 226
15.4.3 SPI Baud Rate Register (SPIBR) ....cccuoiiiiiiiiiieiieee e 227
15.4.4 SPI Status Register (SPIS) .....eoiiiiieiieee et 228

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 17



Section Number Title Page

15.4.5 SPI Data RegisSter (SPID) ....c.cooiioiiiiiieiieie ettt st saaeens 229
15.5 Functional DESCIIPLION .....cccuiiriiiiiieiieeiieieeeie et eeeteeteesteeesae e seeebeesteeesseensaessseeseeesseeseessseesseenseas 230
15.5.1 SPICIOCK FOIMALS .....vviiiiiiieiieeeiie ettt et e e eaae e e v e e eaaeeenaeeenneaeens 230
15.5.2 SPIINETTUPLS ..eeeeiiieeiiieeiiieeiiee ettt ettt ettt et e sttt e sttt e st e e st e e sabeeesabeeesaseeenneeenas 233
15.5.3 Mode Fault DeteCtion ........coceoiiieiiiiiiiiiieiie ettt st 233
Chapter 16
Timer Pulse-Width Modulator (S08TPMV3)
TO.1  TNITOAUCTION ..iiiiiiiiiiiieetie et et ee ettt e et e et e e et eeesaaeeeaaeeessaeeassseesasaeesssaeessaeensseessseeesnsesesseennnns 235
16.1.1 ACMP/TPM Configuration Information ...........ccccceeceerieriiienieiiiieniieeieeee e 235
16.1.2 TPM Configuration Information ...........c.ccceeevuieiiiiieiiie et 235
16.1.3 TPMV3 Differences from Previous VEISIONS .........cccceeeeiieriiieriireeiieecieeeereeeeivee e 236
16.1.4 Migrating from TPMV T L....oooiiiiiiiiiiic ettt 238
LO.1.5 FRATUIES .neiiiiiiiiitee ettt ettt ettt e st sab e e st e e st e e eabe e e eateesbeee e 240
16.1.6 MOdes Of OPEIAtION ....cc.eevieriiriiiiieieniieiteet ettt ettt ettt et sb et e naes 240
16.1.7 BlOCK DIQGIAM ....viiiiiieiiieiiieiiecie ettt ettt ettt e te et e e e eseesnseenbeesnseenseens 241
16.2 S1ZNAl DESCTIPLION ..vviieiriieiiiieeeiieeeite ettt e ettt e eteeestaeestaeeeaaeeetaeesseeesssaeessseeesseesssseessseeessseeennsessnnns 243
16.2.1 Detailed Signal DEeSCIIPLIONS .....cceevuieiiriiiriiiiiriiiieeiiene ettt 243
16.3 Re@ISter DETINILION ...c.eiiiiiiiiiiiiieiiieiie ettt ettt e ettt eebe e bt e e b e eseesaaeenseennas 247
16.3.1 TPM Status and Control Register (TPMXSC) ......oooiiiiiiiieiiieceeeee e 247
16.3.2 TPM-Counter Registers (TPMXCNTH:TPMXCNTL) ....ccccooviiiiiiiiiniiiieciceieee e 248
16.3.3 TPM Counter Modulo Registers (TPMxMODH:TPMXMODL) ........ccccccveviiieriienrrennnn. 249
16.3.4 TPM Channel n Status and Control Register (TPMXCnSC) .....cccoeevvveviiieiiiieeiieeiene 250
16.3.5 TPM Channel Value Registers (TPMxCnVH: TPMXCnVL) .....cccoooiiiiiiiiiiiiiieieeiee 251
16.4 Functional DESCIIPLION .....ccuiiiiiiiiieiieiieeiteeie et e ete et eetee et e s eeesbeesteeenseesseeeaseeseeenseeseesnseenseensnes 253
LO.4.1 COUNLET ittt ettt ettt e s e e st e st e e et e e eateeebteesbeee e 253
16.4.2 Channel Mode SEleCtiOn ..........ccccuiiiiiiieiiieeciie ettt et e e e e e eabeeeeaaeeenaaee e 255
16.5 RESEE OVEIVIEW ..euuiiuiieiiiiiiiiieiie sttt ettt ettt ettt ettt et s at ettt e e bt et e eate s bt et e e st enbeentesseebesaeenaeennens 258
LO.5.1 GENETAL ...ttt ettt et e st e b e e bt e et e e sate et e nbeesabeens 258
16.5.2 Description 0f ReSet OPEration .........ccceccuerieriiiiirieniieieniieieeeesie et 258
LO.6 INEETTUPES .oouetieeniiieeiiee ettt ettt ettt ettt e et e st e e st eesab e e eabaeeeabbeesabteeesbeeenbeeensbeesabeeesnseesnnseesnnee 258
LO0.6.1 GENETAL ...ttt ettt et e sttt et e et esate et e e nbeeeabeans 258
16.6.2 Description of Interrupt OPeration ..........c.cceeevuerienienienieninieneere e 259
Chapter 17
Development Support
17,1 INEOAUCIION ..eiiiiiiiiieiieeit ettt ettt ettt et a ettt s bt et e st e s bt et e saeebeseeenaeennens 261
17.1.1 Forcing Active Background ...........cccuiieiiiiiiiiiceeceee et 261
I7.1.2 FRALUIES ..vvveeeiiiiieeeeiiiee e ettt e e et ee e e sttt e e e et e e e e satteeeeensaaeeeessssaeeeessseeeaanssseeeensssaeesasssneeeanns 262
17.2 Background Debug Controller (BDC) .......coooiioiiiiiiiiieieetee ettt st 262
17.2.1 BKGD Pin DESCTIPLION ...uvviiiiiiieiiiieeiieeeiteeeieeeiteeeiteeetteesaeeesiveeesnaeesssseesnseesnsaeesnneeenns 263
17.2.2 Communication DELailS .........ccccociiiiiiiiiiiiiiiiie e e e e e e e e e 264

MC9S08SG8 MCU Series Data Sheet, Rev. 8

18 Freescale Semiconductor



Section Number Title Page

17.2.3 BDC COMMANGS ..c.veiuiiiiieiiiieiieeieeiie sttt ettt ettt et et e b et i nes 268
17.2.4 BDC Hardware Breakpoint ..........ccceeiiieiiiiiieiieiieeieeceecie ettt eseens 270
17.3 On-Chip Debug System (DBG) ......oioiiiiiiiieciiece ettt e aae e e 271
17.3.1 Comparators A and B ........cccciiiiiiiiiiiiiiee et 271
17.3.2 Bus Capture Information and FIFO Operation ...........cccccccevevieeriiieniiieniieeniie e 271
17.3.3 Change-of-FIow INformation ...........cccoeoiiiiiiiiiiiiiecie e 272
17.3.4 Tag vs. Force Breakpoints and TIIZEETS ........ccceerviieiiierieeiiieniieeieeiie et siee e seee e 272
17.3.5 TIIZEET IMOAES ..oeeeiieeiiieeiie ettt et et e ettt e e tte e s ate e sabeeeenaeesnseeenseesnsaeeenneeeens 273
17.3.6 Hardware BreakpOints ........cccveeeuiieiiie et esteeesiee e eeiae e s e e sveeessvaeenneeenes 275
17.4 Re@ISter DETINIION ...c.eiiiiiiiiiiiiiiiietiece ettt ettt e ettt e eabe e bt e e nbeeseesaseenseeseas 275
17.4.1 BDC Registers and Control BitS ...........cccovviiiiiiiiiiiiiiieiieeieesiee ettt 275
17.4.2 System Background Debug Force Reset Register (SBDFR) ........ooocvvieviiiiiiiiiiiieciee 277
17.4.3 DBG Registers and Control Bits ...........cccooiiiiiiiiiiiiieieeieeieceeee e 278
Appendix A
Electrical Characteristics
AT TIFOAUCTION ittt et et b et s at e s bt et e bt e s bt et e sbt et sete bt enteeneenees 283
A2 Parameter ClasSTICAtION .......eoiiiiiiiiieiiiiice ettt sttt et e e e 283
A.3  Absolute Maximum RatINGS .....c..ceevuiieiiiieiiie e ettt e eeteeeve e e tae e st e e sbeeessseesnseeenseessnneenns 283
A4 Thermal CharaCteriSTICS ......ccieiuieiieriieitieiieeiteertte et estteebeerteessbeesseeebeesseessseenseessseenseessseenseennseenns 285
A.5 ESD Protection and Latch-Up IMMUNItY .......ccccooeiiiiiiiiiiiiiciiecieeeeee e 287
AL DC CRATACTETISTICS ..eeeutteitietieitieet ettt ettt et et e et e et e e bt e eab e e bt e sabeenbeesbeeeabeesbeeanbeenbeesaeeenbeensees 288
A.7  Supply Current CRAraCtETISTICS .......eevuieruierieeitieniieeteesite et esteeeteeeeeeaeesbeessreebeessaeenseesseesnseenseeenne 293
A.8 External Oscillator (XOSC) CharacteriStICS .......cccuirriuieeriureeriieerieeeiieeeiieesieeesneeesseeesreeennneeens 297
A.9 Internal Clock Source (ICS) CharacteriStiCS ........covuieeruieeriuieeriieerieeerieeeseeeeeerreeeaeeesseeesreeessseeens 299
A.10 Analog Comparator (ACMP) EIECtricals .......cccccciieiiieiiiiiieiieeieeieeee e 301
ALTT ADC CRATACTETISTICS ...veeuviiiuiiiiieeiitetie ettt ettt ettt et sat e et e bt e et e e bt e st e e bt e eabeebeesaneenbeesaees 302
ALT2 AC CRATACTETISTICS ..eeuvieniieiitietieeit et et ettt et e sttt e et e et e e s bbe et e eebeeeabeeabeeeabe e bt e sabeenbeesnteenbeensees 305
ALT2.1T CoNtrol TIMING .ooovvieiieiiiieiieeie ettt ettt ettt e e e saee e b e eseesabeebeeesseeseesnseenseeseas 305
A.12.2 TPM/MTIM Module TImiINg .......cccueeviieriiieiieiiieeieeieeeeeesieesereereeseeeeaeesseeeaeeseessneenseens 307
F N 1 ) < LTRSS 308
AL 13 FLASH SPECIICALIONS ...eouvieiiieiiieiieeiieiieeie et eiteeite et eteeseteesbeessteeseesaaeenseesseeenseesseesnseenseennseenne 311
AL T4 EMC PEIfOIMANCE ...couviiiiiiiiieiiieiieeite ettt ettt ettt ettt e see et ebeenaees 312
A.14.1 Radiated EMISSIONS ......ceeiiiiieiiiieiiieeciiie et ettt et et eeetreeeeaaeeeaaeesssaeesabeeesasaeennseeens 312

Appendix B
Ordering Information and Mechanical Drawings

B.1  Ordering INfOrmMation .........cceoiiiiiiiiiiiiieieet ettt sttt 313
B.1.1 Device Numbering SCheme ...........cccociiriiiiiiiiiieiieeiieie ettt 313
B.2  Mechanical DIAWINES .......ccccverieeiiiiiiieiiieiieeie et et et e seteeveessaeebeessaessseessaeeaseessaessseenseesssesnseenseas 314

MC9S08SG8 MCU Series Data Sheet, Rev. 8

Freescale Semiconductor 19






Chapter 1
Device Overview

The MC9S08SG8 members of the low-cost, high-performance HCS08 family of 8-bit microcontroller
units (MCUs). All MCUs in the family use the enhanced HCS08 core and are available with a variety of
modules, memory sizes, memory types, and package types. The high-temperature devices have been
qualified to meet or exceed AEC Grade 0 requirements to allow them to operate up to 150 °C TA.

1.1 Devices in the MC9S08SG8 Series

Table 1-1 summarizes the feature set available in the MC9S08SGS series of MCU .
Table 1-1. MC9S08SG8 Features by MCU and Package

Feature 9S08SG8 9S08SG4
FLASH size (bytes) 8192 4096
RAM size (bytes) 512 256
Pin quantity 20 | 16 | 8 20 | 16 | 8
ACMP yes
ADC channels 12 | 8 | 4 | 12 | 8 | 4
DBG yes
ICS yes ‘ yes ‘ yes! | yes ‘ yes ‘ yes !
|[e; yes
MTIM yes
Pin Interrupts 8 8 4
Pin 1/0 16 12 4 16 12
RTC yes
SCI yes yes no yes yes no
SPI yes yes no yes yes no
TPM1 channels 2 2 1 2 2 1
TPM2 channels 2 2 1 2 2 1
XOSC yes yes no yes yes no

' FBE and FEE modes are not available in 8-pin packages.
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