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Chapter 2 Pins and Connections

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

NOTE

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

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

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

2.2.4 Background / Mode Select (BKGD/MS)

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

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

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

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

2.2.5 General-Purpose I/O and Peripheral Ports

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

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When aport pinis
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-up device. Immediately after reset, all of these pinsare configured as high-impedance general -purpose
inputs with internal pull-up devices disabled.
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Chapter 3 Modes of Operation

Most background commands are not available in stop 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 stop and enter active
background mode if the ENBDM bit is set. After entering background debug mode, all background
commands are available.

3.6.2 Stop2 Mode

Stop2 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. Most
of theinternal circuitry of the MCU is powered off in stop2 with the exception of the RAM. Upon entering
stop2, al 1/0 pin control signals are latched so that the pins retain their states during stop2.

Exit from stop2 is performed by asserting the wake-up pin (RESET) on the MCU.
In addition, the real-time counter (RTC) can wake the MCU from stop2, if enabled.

Upon wake-up from stop2 mode, the MCU starts up as from a power-on reset (POR):
* All module control and status registers are reset

* TheLVD reset functionisenabled and the MCU remainsin thereset stateif Vpp isbelow the LVD
trip point (low trip point selected due to POR)

* The CPU takesthe reset vector

In addition to the above, upon waking up from stop2, the PPDF bit in SPMSC2 is set. Thisflag isused to
direct user code to go to astop2 recovery routine. PPDF remains set and the 1/0O pin states remain latched
until a1 iswritten to PPDACK in SPMSC2.

To maintain I/O statesfor pinsthat were configured as general-purpose |/O before entering stop2, the user
must restore the contents of the 1/O port registers, which have been saved in RAM, to the port registers
before writing to the PPDACK hit. If the port registers are not restored from RAM before writing to
PPDACK, then the pinswill switch to their reset states when PPDACK iswritten.

For pins that were configured as peripheral 1/0O, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
writing to PPDACK, the pinswill be controlled by their associated port control registers when the 1/0
latches are opened.

3.6.3 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clocksto theinternal peripheral modules are stopped. Even
in the exception case (ENBDM = 1), where clocks to the background debug logic continue to operate,
clocks to the peripheral systems are halted to reduce power consumption. Refer to Section 3.6.2, “ Stop2
Mode,” and Section 3.6.1, “Stop3 Mode,” for specific information on system behavior in stop modes.
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Address

0x002B-0
x0037

0x0038
0x0039
0x003A
0x003B
0x003C
0x003D
0x003E
0x003F

0x0040-0
x0047

0x0048
0x0049
0x004A
0x004B

0x004C-0
x004F

0x0050
0x0051
0x0052
0x0053
0x0054
0x0055

0x0056-0
x0057

0x0058
0x0059
0x005A
0x005B
0x005C
0x005D

0x005E-0
x005F

0x0060
0x0061
0x0062
0x0063
0x0064
0x0065

Register
Name

Reserved

SCIBDH
SCIBDL
SCIC1
SCIC2
SCISt
SCIS2
SCIC3
SCID

Reserved

ICSC1
ICSC2
ICSTRM
ICSSC

Reserved

SPIC1
SPIC2
SPIBR
SPIS
Reserved
SPID

Reserved

lICA
IICF
lICC1
lIcs
IICD
licc2

Reserved

TPM2SC
TPM2CNTH
TPM2CNTL
TPM2MODH
TPM2MODL
TPM2CO0SC

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

Chapter 4 Memory

Bit 7 6 5 4 3 2 1 Bit 0
LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
SBRY SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS SCISWAI RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF IDLE OR NF FE PF
LBKDIF RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
Bit 7 6 5 4 3 2 1 Bit 0
CLKS RDIV IREFS IRCLKEN | IREFSTEN
BDIV RANGE HGO LP EREFS | ERCLKEN |[EREFSTEN
TRIM
0 0 0 IREFST CLKST OSCINIT FTRIM
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
SPRF 0 SPTEF MODF 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
AD7 ADG6 ADS AD4 AD3 AD2 AD1 0
MULT ICR
IICEN lICIE MST TX TXAK RSTA 0 0
TCF IAAS BUSY ARBL 0 SRW IICIF RXAK
DATA
GCAEN ADEXT 0 0 0 AD10 AD9 AD8
TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit O
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit O
CHOF CHOIE MSO0B MSOA ELSOB ELSOA 0 0
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Chapter 4 Memory

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

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

6.6  Parallel I/O and Pin Control Registers

This section provides information about the registers associated with the parallel 1/0 ports. The dataand
datadirection registers are located in page zero of the memory map. The pull up, slew rate, drive strength,
and interrupt control registers are located in the high page section of the memory map.

Refer to tablesin Chapter 4, “Memory,” for the absolute address assignmentsfor all parallel 1/0 and their
pin control registers. This section refersto registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to tranglate these names into the
appropriate absolute addresses.
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Chapter 6 Parallel Input/Output Control

6.6.2 Port B Registers
Port B is controlled by the registers listed below.

6.6.2.1 Port B Data Register (PTBD)
7 6 5 4 3 2 1 0
R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-11. Port B Data Register (PTBD)
Table 6-10. PTBD Register Field Descriptions
Field Description
7:0 Port B Data Register Bits — For port B pins that are inputs, reads return the logic level on the pin. For port B
PTBD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port B pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTBD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.6.2.2 Port B Data Direction Register (PTBDD)
7 6 5 4 3 2 1 0
R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-12. Port B Data Direction Register (PTBDD)
Table 6-11. PTBDD Register Field Descriptions
Field Description
7:0 Data Direction for Port B Bits — These read/write bits control the direction of port B pins and what is read for
PTBDD[7:0] | PTBD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-2. Instruction Set Summary (Sheet 3 of 9)

Affecton CCR

[%)]
N o g
S,S(;’rrnﬁe Operation gg Object Code | © Cylgétt’gi'lgyc
'<c's: = 5‘ V11H|INZC
BPL rel Branch if Plus (if N = 0) REL 2Arr 3 |ppp -11—-|----
BRA rel Branch Always (if | = 1) REL 20 rr 3 |ppp -11—-(-=---
DIR (b0) 01 dd rr 5 |rpppp
DIR (b1) 03 dd rr 5 |rpppp
DIR (b2) 05 dd rr 5 |rpppp
e . _ DIR (b3) 07 dd rr 5 |rpppp
BRCLR n,opr8a,rel |Branch if Bit n in Memory Clear (if (Mn) = 0) DIR (b4) 09 dd rr 5 |rpppp -11-(---1¢
DIR (b5) 0B dd rr 5 |rpppp
DIR (b6) oD dd rr 5 |rpppp
DIR (b7) OF dd rr 5 |rpppp
BRN rel Branch Never (if | = 0) REL 21 rr 3 |ppp -11—-(-=---
DIR (b0) 00 dd rr 5 |rpppp
DIR (b1) 02 dd rr 5 |rpppp
DIR (b2) 04 dd rr 5 |rpppp
e ) _ DIR (b3) 06 dd rr 5 |rpppp _ )
BRSET n,opr8a,rel |Branch if Bit n in Memory Set (if (Mn) = 1) DIR (b4) 08 dd rr 5 |rpppp 11 !
DIR (b5) 0OAdd rr 5 |rpppp
DIR (b6) ocdd rr 5 |rpppp
DIR (b7) OE dd rr 5 |rpppp
DIR (b0) 10 dd 5 |rfwpp
DIR (b1) 12 dd 5 |rfwpp
DIR (b2) 14 dd 5 |[rfwpp
I DIR (b3) 16 dd 5 |[rfwpp
BSET n,opr8a Set Bit n in Memory (Mn « 1) DIR (b4) 18 dd 5 |rfwop -11—-|----
DIR (b5) 1A dd 5 |[rfwpp
DIR (b6) 1C dd 5 |rfwpp
DIR (b7) 1E dd 5 |rfwpp
Branch to SubroutinePC « (PC) + $0002
push (PCL); SP « (SP) — $0001 _ N
BSR rel push (PCH): SP « (SP) — $0001 REL AD rr 5 |ssppp 11
PC « (PC) +rel
CBEQ opr8a,rel Compare and... Branch if (A) = (M) DIR 31 dd 5 |rpppp
CBEQA #opr8i,rel Branch if (A) = (M) IMM 41 rrii 4  |pppp
CBEQX #opr8i,rel Branch if (X) = (M) IMM 51 rrii 4  |pppp 11|
CBEQ oprx8,X+,rel Branch if (A) = (M) IX1+ 61 rrff 5 |rpppp
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71 rrrrf 5 |rfppp
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E 61 f rr 6 |prpppp
CLC Clear Carry Bit (C « 0) INH 98 1 (p -11-(---0
CLI Clear Interrupt Mask Bit (I < 0) INH 9A 1 |p -11-(0---
CLR opr8a Clear M « $00 DIR 3F dd 5 |[rfwpp
CLRA A « $00 INH 4F 1 |p
CLRX X « $00 INH 5F 1 |p
CLRH H « $00 INH 8C 1 |p 011-(-01-
CLR oprx8,X M « $00 IX1 6F ff 5 |[rfwpp
CLR X M « $00 IX 7F 4 |rfwp
CLR oprx8,SP M « $00 SP1 9E 6F ff 6 |prfwp
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-2. Instruction Set Summary (Sheet 8 of 9)

ﬁ o ® b Affecton CCR
S,S(;’rrnﬁe Operation 598 |ObjectCode| G Cys(-gtgi-gyc
'<c's: = 5‘ V11H|INZC
SUB #opr8i IMM AO ii 2 |pp
SUB opr8a DIR BO dd 3 |rpp
SUB oprl6a EXT Q0 hh |1 4  |prpp
SUB oprx16,X Subtract IX2 DO ee ff 4 |prpp t11-|-111
SUB oprx8,X A« (A) - (M) IX1 EO ff 3 |rpp
SUB X IX FO 3 |rfp
SUB oprx16,SP SP2 9E DO ee ff 5 |pprpp
SUB oprx8,SP SP1 9E EO ff 4 |prpp
Software Interrupt
PC « (PC) + $0001
Push (PCL); SP « (SP) — $0001
Push (PCH); SP « (SP) — $0001
Push (X); SP « (SP) — $0001 I
SWI Push (A); SP « (SP) — $0001 INH 83 11 |sssssvvfppp 11 1
Push (CCR); SP « (SP) — $0001
|« 1,
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
Transfer Accumulator to CCR P PN
TAP CCR < (A) INH 84 1 |p T11t|1tt?
Transfer Accumulator to X (Index Register
TAX Low) INH 97 1 |p -11-|----
X« (A)
Transfer CCR to Accumulator
TPA A< (CCR) INH 85 1 |p —11-|----
TST opr8a Test for Negative or Zero (M) — $00 DIR 3D dd 4 |rfpp
TSTA (A) - $00 INH 4D 1 |p
TSTX (X) - $00 INH 5D 1 |p 011-|_11-
TST oprx8,X (M) — $00 IX1 6D ff 4 |rfpp
TST X (M) — $00 IX 7D 3 |rfp
TST oprx8,SP (M) — $00 SP1 9E 6D ff 5 |prfpp
Transfer SP to Index Reg.
TSX HIX < (SP) + $0001 INH 95 2 |fp —11-|----
XA Transfer X (Index Reg. Low) to Accumulator INH oF 1 |p 11|
A« (X)
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Chapter 8
Analog Comparator 5-V (SOBACMPV3)

8.1 Introduction

The analog comparator module (ACMP) providesacircuit for comparing two analog input voltages or for
comparing one analog input voltage to an internal reference voltage. The comparator circuit isdesigned to
operate across the full range of the supply voltage (rail-to-rail operation).

Figure 8-1 shows the MC9S08SG32 Series block diagram with the ACMP highlighted.

8.1.1 ACMP Configuration Information

When using the bandgap reference voltage for input to ACM P+, the user must enable the bandgap buffer
by setting BGBE =1 in SPM SCL1 see Section 5.7.6, “ System Power Management Status and Control 1
Register (SPMSC1)”. For value of bandgap voltage reference see Section A.6, “DC Characteristics’.

8.1.2 ACMP/TPM Configuration Information

The ACMP module can be configured to connect the output of the analog comparator to TPM 1 input
capture channel 0 by setting ACIC in SOPT2. With ACIC set, the TPM1CHO pinisnot available externally
regardless of the configuration of the TPM 1 module for channel 0.
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

8.2 Features

The ACMP has the following features:
* Full rail to rail supply operation.
» Selectable interrupt on rising edge, falling edge, or either rising or falling edges of comparator
output.
» Option to compare to fixed internal bandgap reference voltage.
» Option to alow comparator output to be visible on a pin, ACMPO.
e Can operatein stop3 mode

8.3  Modes of Operation
This section defines the ACMP operation in wait, stop and background debug modes.

8.3.0.1 ACMP in Wait Mode

The ACMP continuesto run in wait mode if enabled before executing the WAIT instruction. Therefore,
the ACMP can be used to bring the MCU out of wait mode if the ACMP interrupt, ACIE is enabled. For
lowest possible current consumption, the ACMP should be disabled by software if not required as an
interrupt source during wait mode.

8.3.0.2 ACMP in Stop Modes

8.3.0.2.1 Stop3 Mode Operation

The ACMP continues to operate in Stop3 mode if enabled and compare operation remains active. If
ACOPE isenabled, comparator output operates asin the normal operating mode and comparator output is
placed onto the external pin. The MCU is brought out of stop when a compare event occurs and ACIE is
enabled; ACF flag sets accordingly.

If stop is exited with areset, the ACMP will be put into its reset state.

8.3.0.2.2 Stop2 Mode Operation

During Stop2 mode, the ACM P module will be fully powered down. Upon wake-up from Stop2 mode, the
ACMP module will bein the reset state.

8.3.0.3 ACMP in Active Background Mode

When the microcontroller isin active background mode, the ACMP will continue to operate normally.

8.4  Block Diagram
The block diagram for the Analog Comparator module is shown Figure 8-2.
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

7 6 5 4 3 2 1 0
R
ADLPC ADIV ADLSMP MODE ADICLK
W
Reset: 0 0 0 0 0 0 0 0

Figure 9-9. Configuration Register (ADCCFG)

Table 9-6. ADCCFG Register Field Descriptions

Field Description
7 Low-Power Configuration — ADLPC controls the speed and power configuration of the successive
ADLPC approximation converter. This optimizes power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration: {FC31}The power is reduced at the expense of maximum clock speed.
6:5 Clock Divide Select — ADIV selects the divide ratio used by the ADC to generate the internal clock ADCK.
ADIV Table 9-7 shows the available clock configurations.
4 Long Sample Time Configuration — ADLSMP selects between long and short sample time. This adjusts the
ADLSMP |sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when
continuous conversions are enabled if high conversion rates are not required.
0 Short sample time
1 Long sample time
3:2 Conversion Mode Selection — MODE bits select between 10- or 8-bit operation. See Table 9-8.
MODE
1:0 Input Clock Select — ADICLK bits select the input clock source to generate the internal clock ADCK. See
ADICLK | Table 9-9.

Table 9-7. Clock Divide Select

ADIV Divide Ratio Clock Rate
00 1 Input clock
01 2 Input clock + 2
10 4 Input clock + 4
11 8 Input clock + 8

Table 9-8. Conversion Modes

MODE Mode Description
00 8-bit conversion (N=8)

01 Reserved
10 10-bit conversion (N=10)
11 Reserved
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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 14 Serial Communications Interface (S08SCIV4)

Table 14-4. SCIC2 Field Descriptions (continued)

Field Description
3 Transmitter Enable
TE 0 Transmitter off.

1 Transmitter on.

TE must be 1 in order to use the SCI transmitter. When TE = 1, the SCI forces the TxD pin to act as an output
for the SCI system.

When the SCl is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the direction of
traffic on the single SCI communication line (TxD pin).

TE also can be used to queue an idle character by writing TE = 0 then TE = 1 while a transmission is in progress.
Refer to Section 14.3.2.1, “Send Break and Queued Idle” for more details.

When TE is written to 0, the transmitter keeps control of the port TxD pin until any data, queued idle, or queued
break character finishes transmitting before allowing the pin to revert to a general-purpose 1/O pin.

2 Receiver Enable — When the SCI receiver is off, the RxD pin reverts to being a general-purpose port I/O pin.
RE If LOOPS = 1 the RxD pin reverts to being a general-purpose I/O pin even if RE = 1.

0 Receiver off.

1 Receiver on.

1 Receiver Wakeup Control — This bit can be written to 1 to place the SCI receiver in a standby state where it
RWU waits for automatic hardware detection of a selected wakeup condition. The wakeup condition is either an idle
line between messages (WAKE = 0, idle-line wakeup), or a logic 1 in the most significant data bit in a character
(WAKE = 1, address-mark wakeup). Application software sets RWU and (normally) a selected hardware
condition automatically clears RWU. Refer to Section 14.3.3.2, “Receiver Wakeup Operation” for more details.
0 Normal SCI receiver operation.

1 SCl receiver in standby waiting for wakeup condition.

0 Send Break — Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional
SBK break characters of 10 or 11 (13 or 14 if BRK13 = 1) bit times of logic 0 are queued as long as SBK = 1.
Depending on the timing of the set and clear of SBK relative to the information currently being transmitted, a
second break character may be queued before software clears SBK. Refer to Section 14.3.2.1, “Send Break and
Queued Idle” for more details.

0 Normal transmitter operation.
1 Queue break character(s) to be sent.

14.2.4 SCI Status Register 1 (SCIS1)

Thisregister has eight read-only status flags. Writes have no effect. Special software sequences (which do
not involve writing to this register) are used to clear these status flags.

7 6 5 4 3 2 1 0
R TDRE TC RDRF IDLE OR NF FE PF
W
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 14-8. SCI Status Register 1 (SCIS1)
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

Table 15-5. SPI Baud Rate Prescaler Divisor

SPPR2:SPPR1:SPPRO Prescaler Divisor
0:0:0 1
0:0:1
0:1:.0
0:1:1
1:.0:.0
1:0:1
1:1.0
1:1:1

(N[O B[N

Table 15-6. SPI Baud Rate Divisor

SPR2:SPR1:SPRO Rate Divisor
0:0:0 2
0:0:1 4
0:1:0 8
0:1:1 16
1:0:0 32
1.0:1 64
1:1:0 128
1:1:1 256

15.4.4 SPI Status Register (SPIS)

This register has three read-only status bits. Bits 6, 3, 2, 1, and 0 are not implemented and always read 0.
Writes have no meaning or effect.

7 6 5 4 3 2 1
R SPRF 0 SPTEF MODF 0 0 0 0
W
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 15-8. SPI Status Register (SPIS)
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Chapter 16 Timer/PWM Module (SO8TPMV3)

16.1.3 Features

The TPM includes these distinctive features:

* Oneto eight channels:
— Each channel may be input capture, output compare, or edge-aligned PWM
— Rising-Edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
— Selectable polarity on PWM outputs

* Module may be configured for buffered, center-aligned pul se-width-modulation (CPWM) on all
channels

» Timer clock source selectable as prescaled bus clock, fixed system clock, or an external clock pin
— Prescaletapsfor divide-by 1, 2, 4, 8, 16, 32, 64, or 128
— Fixed system clock source are synchronized to the bus clock by an on-chip synchronization

circuit

— External clock pin may be shared with any timer channel pin or a separated input pin

e 16-bit free-running or modulo up/down count operation

» Timer system enable

* Oneinterrupt per channel plusterminal count interrupt

16.1.4 Modes of Operation

In general, TPM channels may be independently configured to operate in input capture, output compare,
or edge-aligned PWM modes. A control bit allows the whole TPM (all channels) to switch to
center-aligned PWM mode. When center-aligned PWM mode is selected, input capture, output compare,
and edge-aligned PWM functions are not available on any channels of this TPM module.

When the microcontroller isin active BDM background or BDM foreground mode, the TPM temporarily
suspends all counting until the microcontroller returnsto normal user operating mode. During stop mode,
all system clocks, including the main oscillator, are stopped; therefore, the TPM is effectively disabled
until clocks resume. During wait mode, the TPM continues to operate normally. Provided the TPM does
not need to produce areal time reference or provide the interrupt source(s) needed to wake the MCU from
wait mode, the user can save power by disabling TPM functions before entering wait mode.

* Input capture mode

When a sel ected edge event occurs on the associated M CU pin, the current value of the 16-bit timer
counter is captured into the channel value register and an interrupt flag bit is set. Rising edges,
falling edges, any edge, or no edge (disable channel) may be selected as the active edge which
triggers the input capture.

»  Output compare mode

When the value in the timer counter register matches the channel value register, an interrupt flag
bit is set, and a selected output action is forced on the associated MCU pin. The output compare
action may be selected to force the pin to zero, force the pin to one, toggle the pin, or ignore the
pin (used for software timing functions).
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Chapter 16 Timer/PWM Module (SO8TPMV3)

The TPM channels are programmable independently as input capture, output compare, or edge-aligned
PWM channels. Alternately, the TPM can be configured to produce CPWM outputson all channels. When
the TPM is configured for CPWMSs, the counter operates as an up/down counter; input capture, output
compare, and EPWM functions are not practical.

If achannel is configured asinput capture, an internal pullup device may be enabled for that channel. The
details of how amodule interacts with pin controls depends upon the chip implementation because the I/0O
pins and associated general purpose I/O controls are not part of the module. Refer to the discussion of the
I/O port logic in afull-chip specification.

Because center-aligned PWMs are usually used to drive 3-phase AC-induction motors and brushless DC
motors, they are typically used in sets of three or six channels.

16.2 Signal Description

Table 16-2 shows the user-accessible signals for the TPM. The number of channels may be varied from
one to eight. When an external clock isincluded, it can be shared with the same pin as any TPM channel;
however, it could be connected to a separate input pin. Refer to the 1/0 pin descriptions in full-chip
specification for the specific chip implementation.

Table 16-2. Signal Properties

Name Function

EXTCLK! External clock source which may be selected to drive the TPM counter.

TPMxCHnN? 1/0O pin associated with TPM channel n

1 When preset, this signal can share any channel pin; however depending upon full-chip
implementation, this signal could be connected to a separate external pin.

2 np=channel number (1 to 8)

Refer to documentation for the full-chip for details about reset states, port connections, and whether there
isany pullup device on these pins.

TPM channel pins can be associated with general purpose /0 pins and have passive pullup deviceswhich
can be enabled with a control bit when the TPM or general purpose I/O controls have configured the
associated pin as an input. When no TPM function is enabled to use a corresponding pin, the pin reverts
to being controlled by general purpose 1/0 controls, including the port-data and data-direction registers.
Immediately after reset, no TPM functions are enabled, so all associated pinsrevert to general purpose 1/0
control.

16.2.1 Detailed Signal Descriptions

This section describes each user-accessible pin signal in detail. Although Table 16-2 grouped all channel
pins together, any TPM pin can be shared with the external clock source signal. Since 1/0O pinlogic is not
part of the TPM, refer to full-chip documentation for a specific derivative for more details about the
interaction of TPM pin functions and general purpose 1/0O controlsincluding port data, datadirection, and
pullup controls.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

TPM counter changes from (TPMXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
afree-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to $0000.

— Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)

In thismode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMXCnVH:L
registerswith the value of their write buffer after that the both bytes were written and when the
TPM counter changes from (TPMxXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
afree-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to (TPMXMODH:L - 1).

5. Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)
— TPMxCnVH:L = TPMXMODH:L [SE110-TPM case 1]
In this case, the TPM v3 produces 100% duty cycle. Instead, the TPM v2 produces 0% duty
cycle.
— TPMxCnVH:L = (TPMXMODH:L - 1) [SE110-TPM case 2]

In this case, the TPM v3 produces ailmost 100% duty cycle. Instead, the TPM v2 produces 0%
duty cycle.

— TPMxCnVH:L is changed from 0x0000 to a non-zero value [SE110-TPM case 3 and 5]
In this case, the TPM v3 waits for the start of anew PWM period to begin using the new duty
cycle setting. Instead, the TPM v2 changes the channel output at the middle of the current
PWM period (when the count reaches 0x0000).

— TPMXCnVH:L is changed from a non-zero value to 0x0000 [ SE110-TPM case 4]
In this case, the TPM v3 finishes the current PWM period using the old duty cycle setting.
Instead, the TPM v2 finishes the current PWM period using the new duty cycle setting.

6. Writeto TPMXMODH:L registersin BDM mode (Section 16.3.3, “TPM Counter Modulo
Registers (TPMXMODH: TPMxMODL))

In the TPM v3 awrite to TPMxSC register in BDM mode clears the write coherency mechanism
of TPMXxMODH:L registers. Instead, inthe TPM v2 this coherency mechanismisnot cleared when
thereisawrite to TPMxSC register.

7. Update of EPWM signal when CLKSB:CLKSA =00
Inthe TPM v3if CLKSB:CLKSA = 00, then the EPWM signal in the channel output is not update

(it isfrozen while CLKSB:CLKSA = 00). Instead, in the TPM v2 the EPWM signal is updated at
the next rising edge of bus clock after awrite to TPMXxCnSC register.

TheFigure 16-17 and Figure 16-18 show when the EPWM signals generated by TPM v2 and TPM
v3 after the reset (CLKSB:CLKSA = 00) and if thereisawriteto TPMxCnSC register.
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Table A-6. DC Characteristics (continued)

Appendix A Electrical Characteristics

Temp
Rated
o
#|C Characteristic Symbol Condition Min Typ1 Max Unit| o | &
© ©
NG
S 1o
2 w
<
Vin=Vpp Or Vss — — 1 HA | & | —
9 | P |Input leakage current (per pin) |I|n| temperature > 125
_ — 2 A | — | &
Cc
Hi-Z (off-state) leakage current (per
pin)
input/output port pins Vin = Vpp Or Vgs; . . o
P |IOZ| temperature 1 wA-| ¢
10 RESET Vln = VDD or VSS — —_— 2 HA ’ -
Input/Output Port pins Vih = Vpp or Vss;
temperatLCJ:re >125 . 0.2 2 VA | — | o
Pullup or Pulldown? resistors; ol e
when enabled
11 p /O pins | Ry, Rpp — 17 37 52 kQ | & | &
c RESET®| R, — 17 37 52 | kQ| ¢ | ¢
DC injection current % > &7 o | o
Single pin limit Vin> Voo 0 — 2 mA| ¢ | &
Total MCU limit,
includes Vin> Voo 0 o 2 mA | & | ¢
sum of all stressed pins Vin < Vss, 0 — -5 mA | ¢ | &
13| D [Input Capacitance, all pins Cin _ _ — 8 pF | & | @
14| p |RAM retention voltage VRAM — — 0.6 1.0 \VJ ¢ | @
15| p [POR re-arm voltage® Vpor _ 0.9 1.4 2.0 v iele
16| p |POR re-arm time® tror _ 10 _ _ us | & | @
Low-voltage detection threshold
. o - 3.9 4.0 4.1 v ¢ |-
igh range
P Veer fallin Vivp1 4.0 4.1 4.2
pp 1afling 3.88 40 | 412
Voo rising - 3.98 a1 | a2 | V|| ¢
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Appendix B Ordering Information and Mechanical Drawings

The following pages are mechanical specifications for MC9S08SG32 Series package options. See
Table B-2 for the document number for each package type.

Table B-2. Package Information

Pin Count Type Designator Document No.
28 TSSOP TL 98ARS23923W
20 TSSOP TJ 98ASH70169A
16 TSSOP TG 98ASH70247A
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