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Table 1-2 provides the functional version of the on-chip modules.
Table 1-2. Module Versions

Module Version
Analog Comparator (5V) (ACMP) 3
Analog-to-Digital Converter (ADC10) 1
Central Processor Unit (CPUL) 3
Inter-Integrated Circuit (ney 2
Internal Clock Source (ICS) 2
Low Power Oscillator (XOSC) 1
Modulo Timer (MTIM) 1
On-Chip In-Circuit Emulator (DBG) 2
Real-Time Counter (RTC) 1
Serial Peripheral Interface (SPI) 3
Serial Communications Interface (SCI) 4
Timer Pulse Width Modulator (TPM) 3
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Chapter 2 Pins and Connections

When an on-chip periphera system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. For information about controlling these pins as general-purpose |/0O
pins, see Chapter 6, “Paralel Input/Output Control.”

The MC9S08SG32 Series devices contain a ganged output drive feature that allows a safe and reliable
method of allowing pinsto betied together externally to produce ahigher output current drive. See Section
6.3, “ Ganged Output” for more information for configuring the port pins for ganged output drive.

NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program should either enable on-chip pull-up
devicesor change the direction of unused pinsto outputs so they do not float.

When using the 20-pin devices, either enable on-chip pullup devices or
change the direction of non-bonded PTC7-PTC4 and PTA7-PTAG pinsto
outputs so the pins do not float.

When using the 16-pin devices, either enable on-chip pullup devices or
change the direction of non-bonded out PTC7-PTCO and PTA7-PTAG pins
to outputs so the pins do not float.

Table 2-1. Pin Availability by Package Pin-Count

Priority
Pin Number ~Lowest Highest=
28-pin 20-pin1 16-pin| Port Pin Alt 1 Alt 2 Alt 3 Alt 4 Alt 5

1 — — |PTC5 ADP13
2 — — | PTC4 ADP12
3 RESET?
4 BKGD MS
5 Vpp
6 3 3 Vppa VREFH
7 Vssa VREFL
8 4 4 Ves
9 5 5 |PTB7 scL® EXTAL
10 6 6 |PTB6 SDA3 XTAL
11 7 7 |PTB5 TPM1CH1* | SS PTCO®
12 8 8 |PTB4 TPM2CH1® | MISO PTCO®
13 9 — |PTC3 PTCO® ADP11
14 10 — |PTC2 PTCO® ADP10
15 11 — |PTC1 TPM1CH1* | PTCO® ADP9
16 12 — |PTCO TPM1CHO* | PTCO® ADP8
17 13 9 |PTB3 PIB3 MOSI PTCO® ADP7
18 14 10 |PTB2 PIB2 SPSCK PTCO® ADP6
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Chapter 3 Modes of Operation

Background commands are of two types.

* Non-intrusive commands, defined as commands that can be issued while the user programis
running. Non-intrusive commands can be issued through the BKGD/MS pin whilethe MCU isin
run mode; non-intrusive commands can a so be executed when the MCU isin the active
background mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands
— BDC register access commands

— The BACKGROUND command

» Activebackground commands, which can only be executed whilethe M CU isin active background
mode. Active background commands include commands to:

— Read or write CPU registers
— Trace one user program instruction at atime
— Leave active background mode to return to the user application program (GO)

The active background modeis used to program a bootloader or user application program into the FLASH
program memory before the MCU is operated in run mode for the first time. When the MC9S08SG32
Seriesis shipped from the Freescale Semiconductor factory, the FLASH program memory is erased by
default unless specifically noted so there is no program that could be executed in run mode until the
FLASH memory isinitialy programmed. The active background mode can also be used to erase and
reprogram the FLASH memory after it has been previously programmed.

For additional information about the active background mode, refer to the Devel opment Support chapter.

35 Wait Mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT instruction, the CPU
enters alow-power state in which it isnot clocked. Thel bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

While the MCU isin wait mode, there are some restrictions on which background debug commands can
be used. Only the BACKGROUND command and memory-access-with-status commands are available
when the MCU isin wait mode. The memory-access-with-status commands do not allow memory access,
but they report an error indicating that the MCU isin either stop or wait mode. The BACKGROUND
command can be used to wake the MCU from wait mode and enter active background mode.

3.6 Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when STOPE in SOPT1. In any
stop mode, the bus and CPU clocks are halted. The ICS module can be configured to leave the reference
clocks running. See Chapter 11, “Internal Clock Source (SO8ICSV2),” for more information.
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Chapter 5 Resets, Interrupts, and General System Control
Table 5-2. Vector Summary
Ftlr?g:(i)t; I\}{Jer(r:]tt?(;r (:;gﬂ;fzjv) \&e;:qo(; Module Source Enable Description
31 OxFFCO/0xFFC1 — — — — —
Lowest 30 OXFFC2/0xFFC3 | Vacmp ACMP ACF ACIE Analog comparator
29 OxFFC4/0xFFC5 — — — — —
28 OxFFC6/0xFFC7 — — — — —
27 OXFFCB8/0xFFC9 — — — — —
26 OXFFCA/OXFFCB | Vmtim MTIM TOF TOIE MTIM overflow
25 OXFFCC/OXFFCD Vrtc RTC RTIF RTIE Real-time interrupt
24 OXFFCE/OXFFCF Viic e lICIS lICIE [IC control
23 OxFFDO/OXFFD1 Vadc ADC CoCco AIEN ADC
22 OxFFD2/0xFFD3 — — — — —
21 OxFFD4/0xFFD5 | Vportb Port B PTBIF PTBIE Port B Pins
20 OXFFD6/0XFFD7 | Vporta Port A PTAIF PTAIE Port A Pins
19 OxFFD8/0xFFD9 — — — — —
18 OxFFDA/OXFFDB |  Vscitx SCI TDRE, TC TIE, TCIE SCI transmit
IDLE, RDRF, ILIE, RIE,
17 OXFFDC/OXFFDD |  Vscirx SCI LDBKDIF, LBKDIE, SCl receive
RXEDGIF RXEDGIE
. OR, NF, ORIE, NFIE,
16 OXFFDE/OXFFDF | Vscierr SCI FE. PF FEIE, PFIE SCl error
. SPIF, MODF,
15 OxFFEO/OXFFE1 Vspi SPI SPTEF SPIE, SPIE, SPTIE SPI
14 OXFFE2/0XFFE3 | Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
13 OXFFE4/0xFFE5 | Vtpm2chl TPM2 CH1F CHL1IE TPM2 channel 1
12 OXFFE6/0XFFE7 | Vtpm2chO TPM2 CHOF CHOIE TPM2 channel 0
11 OXFFEB8/OXFFE9 | Vtpmlovf TPM1 TOF TOIE TPM1 overflow
10 OxFFEA/OXFFEB — — — — —
9 OxFFEC/OXFFED — — — — —
8 OXFFEE/OXFFEF — — — — —
7 OxFFFO/OXFFF1 — — — — —
6 OxFFF2/0xFFF3 | Vtpmlchl TPM1 CH1F CHL1IE TPM1 channel 1
5 OxFFF4/0xFFF5 | Vipm1lchO TPM1 CHOF CHOIE TPM1 channel 0
4 OxFFF6/0xFFF7 — — — — —
3 OXFFF8/OXFFF9 |  Vivd Sysfgrcon LVWF LVWIE Low-voltage warning
2 OXFFFA/OXFFFB — — — — —
1 OxFFFC/OXFFFD Vswi Core SWI Instruction — Software interrupt
COP, COPE Watchdog timer
y LVD, LVDRE Low-voltage detect
0 OXFFFE/OXFFFF Vreset System RESET pin, — External pin
Highest control lllegal opcode, — llegal opcode
lllegal address — lllegal address
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 6 Parallel Input/Output Control

6.6.3 Port C Registers
Port C is controlled by the registers listed below.

6.6.3.1 Port C Data Register (PTCD)
7 6 5 4 3 2 1 0
R
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-19. Port C Data Register (PTCD)
Table 6-18. PTCD Register Field Descriptions
Field Description
7:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.6.3.2 Port C Data Direction Register (PTCDD)
7 6 5 4 3 2 1 0
R
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-20. Port C Data Direction Register (PTCDD)
Table 6-19. PTCDD Register Field Descriptions
Field Description
7:0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[7:0] | PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.

MC9S08SG32 Data Sheet, Rev. 8

Freescale Semiconductor

91



Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-3. Opcode Map (Sheet 1 of 2)

Bit-Manipulation Branch Read-Modify-Write Control Register/Memory
00 5110 5 |20 3 (30 5 140 1150 1160 5170 4 (80 9 190 3 |A0 2 |BO 3 |Co 4 |DO 4 |EO 3 |FO 3
BRSETO| BSETO BRA NEG NEGA NEGX NEG NEG RTI BGE SuB SuB SuB SuB SuB SuB
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
01 5 (11 5|21 3|31 5|41 4 |51 4 161 5|71 5|81 6 |91 3 |Al 2 [B1 3(C1 4 |D1 4 |E1 3 |F1 3
BRCLRO| BCLRO BRN CBEQ | CBEQA | CBEQX [ CBEQ CBEQ RTS BLT CMP CMP CMP CMP CMP CMP
3 DIR |2 DIR |2 REL |3 DIR |3 IMM |3 IMM |3 IX1+ |2 IX+ |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
02 5112 5 |22 3 (32 5142 5152 6 |62 1172 1182 5+ |92 3 |A2 2 |B2 3 |C2 4 |D2 4 |E2 3 |F2 3
BRSET1| BSET1 BHI LDHX MUL DIV NSA DAA BGND BGT SBC SBC SBC SBC SBC SBC
3 DIR |2 DIR |2 REL |3 EXT |1 INH |1 INH |1 INH |1 INH |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
03 5 (13 5123 33 5 (43 1|53 1|63 73 4183 11 |93 A3 2 (B3 C3 D3 E3 F3 3
BRCLR1| BCLR1 BLS COM COMA | COMX COM COM SWI BLE CPX CPX CPX CPX CPX CPX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
04 5 [14 5 [24 334 44 1|54 1|64 5 [74 4 |84 1|94 2 [Aa 2 [Ba c4 D4 E4 F4 3
BRSET2| BSET2 BCC LSR LSRA LSRX LSR LSR TAP TXS AND AND AND AND AND AND
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
05 5 |15 5|25 3 (35 4 145 3 |55 4 |65 3|75 5|85 1|95 2 |A5 2 [B5 C5 4 |D5 4 |E5 F5 3
BRCLR2| BCLR2 BCS STHX LDHX LDHX CPHX CPHX TPA TSX BIT BIT BIT BIT BIT BIT
3 DIR |2 DIR |2 REL |2 DIR |3 IMM |2 DIR |3 IMM |2 DIR |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
06 5|16 5 [26 336 5 |46 1[56 1]66 576 4 |86 3 [96 5 [A6 2 [B6 3 [cse 4 [D6 4 [E6 3 [F6 3
BRSET3| BSET3 BNE ROR RORA RORX ROR ROR PULA STHX LDA LDA LDA LDA LDA LDA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |3 EXT |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
07 5|17 5 |27 3|37 5 |47 1|57 1|67 51|77 4187 2197 1 |A7 2 [B7 3|(C7 4 |D7 4 |E7 3 |F7 2
BRCLR3| BCLR3 BEQ ASR ASRA ASRX ASR ASR PSHA TAX AIS STA STA STA STA STA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
08 5 [18 5 [28 3 [38 5 [48 1|58 1[68 578 4 |88 3 |98 1 [A8 2 |B8 3 [cs 4 [D8 4 [E8 3 [F8 3
BRSET4| BSET4 | BHCC LSL LSLA LSLX LSL LSL PULX CLC EOR EOR EOR EOR EOR EOR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
09 5 (19 5129 3 (39 49 1|59 1|69 5179 4189 2 199 1 |A9 2 [B9 Cc9 4 | D9 4 |E9 F9 3
BRCLR4| BCLR4 | BHCS ROL ROLA ROLX ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
0A 5 |1A 5 [2A 3 [3A 4A 1 |5A 1 |6A 5|7A 4 |8A 3 [9A 1 [AA 2 |BA CA 4 DA 4 [EA FA 3
BRSET5| BSET5 BPL DEC DECA DECX DEC DEC PULH CLI ORA ORA ORA ORA ORA ORA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
0B 5 [1B 5 |2B 3 (3B 7 5B 4 16B 7 6 [8B 2 (9B 1 |AB 2 (BB CB 4 |DB 4 |EB FB 3
BRCLR5| BCLR5 BMI DBNZ | DBNZA | DBNZX | DBNZ DBNZ PSHH SEI ADD ADD ADD ADD ADD ADD
3 DIR |2 DIR |2 REL |3 DIR |2 INH |2 INH |3 IX1 |2 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
oC 5 |1C 5 |2C 3 |3C 5 |4C 1 |5C 1|6C 5|7C 4 |8C 119C 1 BC 3 |CC 4 DC 4 [EC 3 |FC 3
BRSET6| BSET6 BMC INC INCA INCX INC INC CLRH RSP JMP JMP JMP JMP JMP
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH 2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
oD 5 (1D 512D 3 (3D 4 14D 1 (5D 1 |6D 4 17D 3 9D 1 |AD 5 |BD 5 |CD 6 |DD 6 |ED 5 |FD 5
BRCLR6 | BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 1X 1 INH |2 REL |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
OE 5 |1E 5 [2E 3 |3E 6 |4E 5 |5E 5 |6E 4 |7E 5 |8E 2+ |9E AE 2 |BE 3 |CE 4 |DE 4 |EE 3 |FE 3
BRSET7| BSET7 BIL CPHX MOV MOV MOV MOV STOP Page 2 LDX LDX LDX LDX LDX LDX
3 DIR |2 DIR |2 REL |3 EXT |3 DD |2 DIX+ |3 IMD [2 IX+D |1 INH 2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
OF 5 [1F 5 [2F 3 [3F 5 [4F 1 [5F 1 [6F 5 [7F 4|8F 2+ [9F AF 2 [BF cl DF EF FF 2
BRCLR7| BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA AIX STX STX STX STX STX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
INH Inherent REL  Relative SP1  Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT  Extended IX2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD  IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIRto IX+ Post Increment
Opcode in Hexadecimal | FO 3 |HCS08 Cycles )
SuUB Instruction Mnemonic
Number of Bytes | 1 IX |Addressing Mode
MC9S08SG32 Data Sheet, Rev. 8
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

(MC9S08SG32 = 32,768
BYTES)(MC9S08SG16 = 16,384

ANALOG COMPARATOR
(ACMP)

Vbpa
Vssa

NOTE

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

ACMPO
ACMP-
ACMP+

PORT A

<> PTA2/PIA2/SDA/ACMPO/ADP2
> PTA1/PIA1/TPM2CHO/ADP1/ACMP-

1< PTAO/PIAO/TPM1CHO/TCLK/ADPO/ACMP+

> > > >

> > B>

Figure 8-1. MC9S08SG32 Series Block Diagram Highlighting ACMP Block and Pins

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

scL ~«—>» PTA3/PIA3/SCL/ADP3
IIC MODULE (IIC)
<>
SDA PTA2/PIA2/SDA/ACMPO/ADP2
(MC9S08SG32 = 32,768
BYTES)(MC9S08SG16 = 16,384
-«—>» PTB7/SCL/EXTAL
-~ PTB6/SDA/XTAL
A
A
A
A
A
A
A

NOTE

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

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

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

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

Figure 10-1. MC9S08SG32 Series Block Diagram Highlighting IIC Block and Pins
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Chapter 10 Inter-Integrated Circuit (S08IICV2)

10.4.1.3 Data Transfer

Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a direction
specified by the R/W bit sent by the calling master.

All transfers that come after an address cycle are referred to as data transfers, even if they carry sub-address
information for the slave device

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown in Figure 10-9. There is one clock pulse on SCL for each data bit, the msb being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledge is signalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the ninth bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte transmission, the slave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

* Relinquishes the bus by generating a stop signal.
» Commences a new calling by generating a repeated start signal.

10.4.1.4 Stop Signal

The master can terminate the communication by generating a stop signal to free the bus. However, the
master may generate a start signal followed by a calling command without generating a stop signal first.
This is called repeated start. A stop signal is defined as a low-to-high transition of SDA while SCL at
logical 1 (see Figure 10-9).

The master can generate a stop even if the slave has generated an acknowledge at which point the slave
must release the bus.

10.4.1.5 Repeated Start Signal

As shown in Figure 10-9, a repeated start signal is a start signal generated without first generating a stop
signal to terminate the communication. This is used by the master to communicate with another slave or
with the same slave in different mode (transmit/receive mode) without releasing the bus.

10.4.1.6 Arbitration Procedure

The 11C bus is a true multi-master bus that allows more than one master to be connected on it. If two or

more masters try to control the bus at the same time, a clock synchronization procedure determines the bus
clock, for which the low period is equal to the longest clock low period and the high is equal to the shortest
one among the masters. The relative priority of the contending masters is determined by a data arbitration
procedure, a bus master loses arbitration if it transmits logic 1 while another master transmits logic 0. The
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case,

MC9S08SG32 Data Sheet, Rev. 8
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Chapter 10 Inter-Integrated Circuit (S08I1ICV2)

Arbitration is lost in the following circumstances:
* SDA sampled as a low when the master drives a high during an address or data transmit cycle.
» SDA sampled as a low when the master drives a high during the acknowledge bit of a data receive
cycle.
» Astart cycle is attempted when the bus is busy.
» Avrepeated start cycle is requested in slave mode.
» A stop condition is detected when the master did not request it.

This bit must be cleared by software writing a 1 to it.

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

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

11.4.3 Bus Frequency Divider

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

11.4.4 Low Power Bit Usage

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

11.4.5 Internal Reference Clock

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

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

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

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

11.4.6 Optional External Reference Clock

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

13.1.1 Features

Features of the RTC module include:
e 8-bit up-counter
— 8-bit modulo match limit
— Software controllable periodic interrupt on match

* Three software selectable clock sources for input to prescaler with selectabl e binary-based and
decimal-based divider values

— 1-kHz internal low-power oscillator (L PO)
— External clock (ERCLK)
— 32-kHz internal clock (IRCLK)

13.1.2 Modes of Operation

This section defines the operation in stop, wait and background debug modes.

13.1.2.1 Wait Mode

The RTC continuesto run in wait mode if enabled before executing the appropriateinstruction. Therefore,
the RTC can bring the MCU out of wait mode if the real-time interrupt is enabled. For lowest possible
current consumption, the RTC should be stopped by software if not needed as an interrupt source during
wait mode.

13.1.2.2 Stop Modes

The RTC continues to run in stop2 or stop3 mode if the RTC is enabled before executing the STOP
instruction. Therefore, the RTC can bring the MCU out of stop modes with no external components, if the
real-time interrupt is enabled.

The LPO clock can be used in stop2 and stop3 modes. ERCLK and IRCLK clocks are only available in
stop3 mode.

Power consumption islower when al clock sources are disabled, but in that case, the real-time interrupt
cannot wake up the MCU from stop modes.
13.1.2.3 Active Background Mode

The RTC suspendsall counting during active background mode until the microcontroller returnsto normal
user operating mode. Counting resumes from the suspended value as long asthe RTCMOD register is not
written and the RTCPS and RTCLKS bits are not altered.
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Chapter 13 Real-Time Counter (SO8RTCV1)

RTCSC. byte = RTCSC. byte | 0x80
/* RTC interrupts every 1 Second */
Seconds++;

/* 60 seconds in a mnute */
if (Seconds > 59){

M nut es++;

Seconds = O;

}

/* 60 mnutes in an hour */

if (Mnutes > 59){

Hour s++;

M nutes = O;

}

/* 24 hours in a day */

if (Hours > 23){

Days ++;

Hours = 0;

}
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Chapter 14 Serial Communications Interface (S08SCIV4)

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

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

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

PIN CONTROL
. M
MOSI
SPE S > vowm)
Tx BUFFER (WRITE SPID)
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Rx BUFFER (READ SPID) SPCo
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e SHIFT SHIFT  RxBUFFER TxBUFFER
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SPI
y INTERRUPT
MODF REQUEST

Figure 15-3. SPI Module Block Diagram

15.1.3 SPI Baud Rate Generation

As shown in Figure 15-4, the clock source for the SPI baud rate generator is the bus clock. The three
prescale bits (SPPR2: SPPR1:SPPRO) choose a prescaledivisor of 1, 2, 3,4, 5, 6, 7, or 8. Thethreerate
select bits (SPR2:SPR1:SPRO) divide the output of the prescaler stage by 2, 4, 8, 16, 32, 64, 128, or 256

to get the internal SPI master mode bit-rate clock.
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Chapter 16
Timer Pulse-Width Modulator (SO8TPMV3)

16.1 Introduction

The TPM uses one input/output (1/0) pin per channel, TPMXCHnN where x isthe TPM number (for
example, 1 or 2) and n isthe channel number (for example, 0-1). The TPM sharesits I/O pins with
general-purpose 1/0 port pins (refer to the Pins and Connections chapter for more information).

All MC9S08SG32 Series MCUs have two TPM modules.
Figure 16-1 shows the MC9S08SG32 Series block diagram with the TPM modules highlighted.

16.1.1 TPM Configuration Information

The externa clock for the MTIM module, TCLK, isselected by setting CLKS=1:10r 1:.0in MTIMCLK,
which selectsthe TCLK pin input. The TCLK input can be enabled as external clock inputsto both the
MTIM and TPM modules simultaneously.

16.1.2

The TPM modules pins, TPM1CHx and TPM2CHXx can be repositioned under software control using
TXCHNPS bits in SOPT2 as shown in Table 16-1.

Table 16-1. TPM Position Options

TPM Pin Repositioning

TXCHXPS in SOPT2

Port Pin for TPM2CH1

Port Pin for TPM2CHO

Port Pin for TPM1CH1

Port Pin for TPM1CHO

0 (default)

PTB4

PTA1

PTB5

PTAO

1

PTA7

PTAG6

PTC1

PTCO
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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
providesaconvenient interface for programming the on-chip FLASH and other nonvolatile memories. The
BDC isalso 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 M CU viathe 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
MCOS08SG32 Series, 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 aso force active background by driving BKGD low
immediately after aserial 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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Chapter 17 Development Support

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 businformation, and aflexibletrigger 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 aform of ROM patching. Thistopic 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 atrigger will occur only if the opcode at the specified addressis
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 aways 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
busis 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. If 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
aqualified match condition. A match can cause:

» Generation of abreakpoint 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 hasfilled 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 arein the FIFO asdatais stored into it. If atrace runis manually halted by
writing 0 to ARM before the FIFO isfull (CNT = 1:0:0:0), the information is shifted by one position and
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