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Chapter 4 Memory

451 Features

Features of the FLASH memory include:
* FLASHSsize
— MC9S08SG32: 32,768 bytes (64 pages of 512 bytes each)
— MC9S08SG16: 16,384 bytes (32 pages of 512 bytes each)
» Single power supply program and erase
» Command interface for fast program and erase operation
» Upto 100,000 program/erase cycles at typical voltage and temperature
» Flexible block protection and vector redirection
»  Security feature for FLASH and RAM
» Auto power-down for low-frequency read accesses

45.2 Program and Erase Times

Before any program or erase command can be accepted, the FLASH clock divider register (FCDIV) must
be written to set the internal clock for the FLASH module to a frequency (fec ) between 150 kHz and
200 kHz (see Section 4.7.1, “FLASH Clock Divider Register (FCDIV)"). Thisregister can bewritten only
once, so normally thiswriteisdone during reset initialization. FCDIV cannot be written if the access error
flag, FACCERR in FSTAT, is set. The user must ensure that FACCERR is not set before writing to the
FCDIV register. One period of the resulting clock (1/fgcy k) IS used by the command processor to time
program and erase pulses. An integer number of these timing pulses are used by the command processor
to complete a program or erase command.

Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fpcLk)- Thetimefor one cycle of FCLK iSteq) k = Ufec k. Thetimes are shown as a number
of cycles of FCLK and as an absolute time for the case where tg = 5 ps. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-5. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 us
Byte program (burst) 4 20 pst
Page erase 4000 20 ms
Mass erase 20,000 100 ms

1 Excluding start/end overhead
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Chapter 4 Memory

WRITE TO FCDIV (Note 1) Note 1: Required only once after reset.

FLASH PROGRAM AND
ERASE FLOW ( START )

CLEAR ERROR

A

WRITE TO FLASH
TO BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD

Y

WRITE 1 TO FCBEF Note 2: Wait at least four bus cycles
TO LAUNCH COMMAND before checking FCBEF or FCCF.

AND CLEAR FCBEF (Note 2)
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< Eigg&{%& —>(  ERROREXIT

> |NO

Y
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Figure 4-2. FLASH Program and Erase Flowchart

45.4  Burst Program Execution

The burst program command is used to program sequential bytes of data in less time than would be
required using the standard program command. This is possible because the high voltage to the FLASH
array does not need to be disabled between program operations. Ordinarily, when a program or erase
command isissued, an internal charge pump associated with the FLASH memory must be enabled to
supply high voltage to the array. Upon completion of the command, the charge pump is turned off. When
aburst program command isissued, the charge pump is enabled and then remains enabled after compl etion
of the burst program operation if these two conditions are met:

* Thenext burst program command has been queued before the current program operation has
completed.

* Thenext sequential address selects a byte on the same physical row as the current byte being
programmed. A row of FLASH memory consists of 64 bytes. A byte within arow is selected by
addresses A5 through AO. A new row begins when addresses A5 through AO are all zero.
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Chapter 6 Parallel Input/Output Control

6.3 Ganged Output

The MC9S08SG32 Series devices contain afeature that allows for up to eight port pinsto be tied together
externally to allow higher output current drive. The ganged output drive control register (GNGC) isa
write-once register that is used to enabled the ganged output feature and sel ect which port pinswill be used
as ganged outputs. The GNGEN bit in GNGC enables ganged output. The GNGPS[7:1] bits are used to
select which pin will be part of the ganged outpui.

When GNGEN is set, any pin that is enabled as a ganged output will be automatically configured as an
output and follow the data, drive strength and slew rate control of PTCO. The ganged output drive pin
mapping is shown in Table 6-1.

NOTE
See the DC characteristics in the electrical section for maximum Port |/O
currents allowed for this MCU.

When apin is enabled as ganged output, this feature will have priority over
any digital module. An enabled analog function will have priority over the
ganged output pin. See Table 2-1 for information on pin priority.

Table 6-1. Ganged Output Pin Enable

GNGC Register Bits

GNGPS7 | GNGPS6 | GNGPS5 | GNGPS4 | GNGPS3 | GNGPS2 | GNGPS1 | GNGEN!

Port Pin 2 PTB5 PTB4 PTB3 PTB2 PTC3 PTC2 PTC1 PTCO
Data Direction
Control Pin is automatically configured as output when pin is enabled as ganged output.
Data
Control PTCDO in PTCD controls data value of output
Drive Strength
Control PTCDSO0 in PTCDS controls drive strength of output
Slew Rate
Control PTCSEO in PTCSE controls slew rate of output

1 Ganged output on PTC3-PTCO not available on 16-pin packages, however PTCO control registers are still used to control
ganged output.

2 When GNGEN = 1, PTCO is forced to an output, regardless of the value in PTCDDO in PTCDD.
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Chapter 7
Central Processor Unit (S08CPUV3)

7.1 Introduction

This section provides summary information about the registers, addressing modes, and instruction set of
the CPU of the HCS08 Family. For a more detailed discussion, refer to the HCS08 Family Reference
Manual, volume 1, Freescale Semiconductor document order number HCSO8BRMV 1/D.

The HCS08 CPU is fully source- and object-code-compatible with the M68HC08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
anew background debug system which replaces the monitor mode of earlier M68HCO8 microcontrollers
(MCU).

7.1.1 Features

Features of the HCS08 CPU include:
*  Object code fully upward-compatible with M68HCO05 and M68HCO08 Families
» All registers and memory are mapped to a single 64-Kbyte address space
» 16-hit stack pointer (any size stack anywhere in 64-K byte address space)
* 16-bit index register (H:X) with powerful indexed addressing modes
* 8-bit accumulator (A)
* Many instructionstreat X as a second general-purpose 8-bit register
*  Seven addressing modes:
— Inherent — Operandsin internal registers
— Relative — 8-hit signed offset to branch destination
— Immediate — Operand in next object code byte(s)
— Direct — Operand in memory at 0x0000-0x00FF
— Extended — Operand anywhere in 64-K byte address space
— Indexed relative to H: X — Five submodes including auto increment
— Indexed relative to SP — Improves C efficiency dramatically
* Memory-to-memory data move instructions with four address mode combinations

» Overflow, half-carry, negative, zero, and carry condition codes support conditional branching on
the results of signed, unsigned, and binary-coded decimal (BCD) operations

» Efficient bit manipulation instructions
» Fast 8-hit by 8-bit multiply and 16-bit by 8-bit divide instructions
e STOP and WAIT instructions to invoke low-power operating modes
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Chapter 8 Analog Comparator 5-V (SOBACMPV3)

8.7  Functional Description

The analog comparator can be used to compare two analog input voltages applied to ACM P+ and ACMP-;
or it can be used to compare an anal og input voltage applied to ACMP- with an internal bandgap reference
voltage. ACBGS is used to select between the bandgap reference voltage or the ACMP+ pin as the input
to the non-inverting input of the analog comparator. The comparator output is high when the non-inverting
input is greater than the inverting input, and islow when the non-inverting input is less than the inverting
input. ACMOD is used to select the condition which will cause ACF to be set. ACF can be set on arising
edge of the comparator output, afalling edge of the comparator output, or either arising or afalling edge
(toggle). The comparator output can be read directly through ACO. The comparator output can be driven
onto the ACMPO pin using ACOPE.
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Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

9.3.1

This section describes the function of the ADC status and control register (ADCSCL1). Writing ADCSC1
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to avalue other

Status and Control Register 1 (ADCSC1)

than al 1s).
7 6 5 4 3 2 1 0
R| COCO
AIEN ADCO ADCH
w
Reset: 0 0 0 1 1 1 1 1
= Unimplemented or Reserved
Figure 9-3. Status and Control Register (ADCSC1)
Table 9-3. ADCSC1 Register Field Descriptions
Field Description
7 Conversion Complete Flag — The COCO flag is a read-only bit set each time a conversion is completed when
COCO the compare function is disabled (ACFE = 0). When the compare function is enabled (ACFE = 1), the COCO flag
is set upon completion of a conversion only if the compare result is true. This bit is cleared when ADCSCL1 is
written or whenever ADCRL is read.
0 Conversion not completed
1 Conversion completed
6 Interrupt Enable — AIEN enables conversion complete interrupts. When COCO becomes set while AIEN is
AIEN high, an interrupt is asserted.
0 Conversion complete interrupt disabled
1 Conversion complete interrupt enabled
5 Continuous Conversion Enable — ADCO enables continuous conversions.
ADCO 0 One conversion following a write to the ADCSC1 when software triggered operation is selected, or one
conversion following assertion of ADHWT when hardware triggered operation is selected.
1 Continuous conversions initiated following a write to ADCSC1 when software triggered operation is selected.
Continuous conversions are initiated by an ADHWT event when hardware triggered operation is selected.
4.0 Input Channel Select — The ADCH bits form a 5-bit field which that selects one of the input channels. The input
ADCH channels are detailed in Table 9-4.
The successive approximation converter subsystem is turned off when the channel select bits are all set. This
feature allows for explicit disabling of the ADC and isolation of the input channel from all sources. Terminating
continuous conversions this way prevents an additional, single conversion from being performed. It is not
necessary to set the channel select bits to all ones to place the ADC in a low-power state when continuous
conversions are not enabled because the module automatically enters a low-power state when a conversion
completes.
Table 9-4. Input Channel Select
ADCH Input Select ADCH Input Select
00000 ADO 10000 AD16
00001 AD1 10001 AD17
00010 AD2 10010 AD18
00011 AD3 10011 AD19
MC9S08SG32 Data Sheet, Rev. 8
130 Freescale Semiconductor



Chapter 9 Analog-to-Digital Converter (SOBADC10V1)

The subtraction result isan 11-bit signed value. Thelower 10 bits (0x280) are stored in ADCRH:ADCRL.
Thesignbitisknownto be 1 (negative) becausethe ACFGT=0, the COCO bit was set, and conversion data
was updated in ADCRH:ADCRL.

A simpler way to use the data stored in ADCRH:ADCRL isto apply thefollowing rules. When comparing
for upper limit (ACFGT=1), the value in ADCRH:ADCRL is apositive value and does not need to be
manipulated. This value is the difference between the conversion result and the compare value. When
comparing for lower limit (ACFGT=0), ADCRH:ADCRL is a negative value without the sign bit. If the
value from these registers is complemented and then avalue of 1 is added, then the calculated value isthe
unsigned (i.e., absolute) difference between the conversion result and the compare value. In the previous
example, 0x280 is stored in ADCRH:ADCRL. The following example shows how the absolute val ue of
the difference is calculated.

%1 0111 1111 <= Complement of 10-bit value stored in ADCRH:ADCRL
+ %

%91 1000 0000<=Unsigned value 0x180 isthe absolute value of (Result - Compare Value)

9.4.6 MCU Wait Mode Operation

Wait mode is alower power-consumption standby mode from which recovery is fast because the clock
sources remain active. If aconversion isin progress when the MCU enters wait mode, it continues until
completion. Conversions can beinitiated whilethe MCU isin wait mode by means of the hardware trigger
or if continuous conversions are enabled.

The bus clock, bus clock divided by two, and ADACK are available as conversion clock sources whilein
wait mode. The use of ALTCLK asthe conversion clock source in wait is dependent on the definition of
ALTCLK for this MCU. Consult the module introduction for information on ALTCLK specific to this
MCU.

A conversion complete event sets the COCO and generates an ADC interrupt to wake the MCU from wait
mode if the ADC interrupt is enabled (AIEN = 1).

9.4.7 MCU Stop3 Mode Operation

Stop modeisalow power-consumption standby mode during which most or all clock sources onthe MCU
are disabled.

9.4.7.1 Stop3 Mode With ADACK Disabled

If the asynchronous clock, ADACK, is not selected as the conversion clock, executing a stop instruction

aborts the current conversion and placesthe ADC initsidle state. The contents of ADCRH and ADCRL
are unaffected by stop3 mode.After exiting from stop3 mode, a software or hardware trigger isrequired to
resume conversions.
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Figure 11-2. Internal Clock Source (ICS) Block Diagram

11.1.4 Modes of Operation
There are seven modes of operation for the ICS: FEI, FEE, FBI, FBILP, FBE, FBELP, and stop.

11.1.4.1 FLL Engaged Internal (FEI)

In FLL engaged internal mode, which is the default mode, the ICS supplies aclock derived from the FLL
which is controlled by the internal reference clock. The BDC clock is supplied from the FLL.

11.1.4.2 FLL Engaged External (FEE)

In FLL engaged external mode, the I CS supplies a clock derived from the FLL which is controlled by an
external reference clock. The BDC clock is supplied from the FLL.

11.1.4.3 FLL Bypassed Internal (FBI)

In FLL bypassed internal mode, the FLL is enabled and controlled by the internal reference clock, but is
bypassed. The ICS supplies aclock derived from the internal reference clock. The BDC clock is supplied
fromthe FLL.
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Chapter 12 Modulo Timer (SO8MTIMV1)

8-BITMODULOTIMER | ¢ TCLK
MODULE (MTIM)

~«—» PTAO/PIAO/TPM1CHO/TCLK/ADPO/ACMP+

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

> > > >

> > B> >

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 12-1. MC9S08SG32 Series Block Diagram Highlighting MTIM Block and Pins
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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 15 Serial Peripheral Interface (S08SPIV3)

15.5.2 SPI Interrupts

There are three flag bits, two interrupt mask bits, and one interrupt vector associated with the SPI system.
The SPI interrupt enable mask (SPIE) enables interrupts from the SPI receiver full flag (SPRF) and mode
fault flag (MODF). The SPI transmit interrupt enable mask (SPTIE) enables interrupts from the SPI
transmit buffer empty flag (SPTEF). When one of the flag bitsis set, and the associated interrupt mask bit
is set, a hardware interrupt request is sent to the CPU. If the interrupt mask bits are cleared, software can
poll the associated flag bits instead of using interrupts. The SPI interrupt service routine (ISR) should
check the flag bits to determine what event caused the interrupt. The service routine should also clear the
flag bit(s) before returning from the ISR (usually near the beginning of the ISR).

15.5.3 Mode Fault Detection

A mode fault occurs and the mode fault flag (MODF) becomes set when a master SPI device detects an
error on the SS pin (provided the SS pin is configured as the mode fault input signal). The SSpinis
configured to be the mode fault input signal when MSTR = 1, mode fault enable is set (MODFEN = 1),
and slave select output enableis clear (SSOE = 0).

The mode fault detection feature can be used in a system where more than one SPI device might become
amaster at the same time. The error is detected when a master's SS pin is low, indicating that some other
SPI deviceistrying to addressthis master asif it were aslave. This could indicate a harmful output driver
conflict, so the mode fault logic is designed to disable all SPI output drivers when such an error is detected.

When amode fault is detected, MODF is set and MSTR is cleared to change the SPI configuration back
to slave mode. The output drivers on the SPSCK, MOSI, and MISO (if not bidirectional mode) are
disabled.

MODF iscleared by reading it whileit is set, then writing to the SPI control register 1 (SPIC1). User
software should verify the error condition has been corrected before changing the SPI back to master
mode.
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Chapter 16 Timer/PWM Module (SO8TPMV3)

7 6 5 4 3 2 0
R
Bit 15 14 13 12 11 10 Bit 8
W
Reset 0 0 0 0 0 0 0
Figure 16-13. TPM Channel Value Register High (TPMxCnVH)
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 16-14. TPM Channel Value Register Low (TPMxCnVL)

Ininput capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latchesthe contents of both bytes
into a buffer where they remain latched until the other half is read. This latching mechanism also resets
(becomes unlatched) when the TPMXxCnSC register is written (whether BDM mode is active or not). Any
write to the channel registers will be ignored during the input capture mode.

When BDM is active, the coherency mechanism isfrozen (unless reset by writing to TPMxCnSC register)
such that the buffer latches remain in the state they were in when the BDM became active, even if one or
both halves of the channel register are read while BDM is active. This assures that if the user wasin the
middle of reading a 16-bit register when BDM became active, it will read the appropriate value from the
other half of the 16-bit value after returning to normal execution. The value read from the TPMxCnVH
and TPMxCnVL registersin BDM mode is the value of these registers and not the value of their read
buffer.

In output compare or PWM modes, writing to either byte (TPMxCnVH or TPMxCnVL) latches the value
into a buffer. After both bytes are written, they are transferred as a coherent 16-bit value into the
timer-channel registers according to the value of CLKSB:CLKSA bits and the selected mode, so:

e |If (CLKSB:CLKSA = 0:0), then the registers are updated when the second byte is written.

e If (CLKSB:CLKSA not = 0:0 and in output compare mode) then the registers are updated after the
second byte is written and on the next change of the TPM counter (end of the prescaler counting).

o |f(CLKSB:CLKSA not =0:0andin EPWM or CPWM modes), then theregisters are updated after
the both bytes were written, and the TPM counter changes from (TPMxMODH:TPMxMODL - 1)
to (TPMXMODH:TPMxMODL). If the TPM counter is a free-running counter then the updateis
made when the TPM counter changes from OxFFFE to OxFFFF.

The latching mechanism may be manually reset by writing to the TPMxCnSC register (whether BDM
mode is active or not). Thislatching mechanism allows coherent 16-bit writesin either big-endian or
little-endian order which isfriendly to various compiler implementations.

When BDM is active, the coherency mechanism is frozen such that the buffer latches remain in the state
they were in when the BDM became active even if one or both halves of the channel register are written
while BDM is active. Any write to the channel registers bypasses the buffer latches and directly write to
the channel register while BDM is active. The values written to the channel register while BDM is active
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Chapter 16 Timer/PWM Module (SO8TPMV3)

Input capture, output compare, and edge-aligned PWM functions do not make sense when the counter is
operating in up/down counting mode so thisimpliesthat all active channelswithinaTPM must be used in
CPWM mode when CPWM S=1.

The TPM may be used in an 8-bit MCU. The settingsin the timer channel registers are buffered to ensure
coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to any of the registers
TPMXMODH, TPMxMODL, TPMXxCnVH, and TPMXCnVL, actually write to buffer registers.

In center-aligned PWM mode, the TPMXCnV H:L registers are updated with the value of their write buffer
according to the value of CLKSB:CLKSA bits, so:

o |If (CLKSB:CLKSA = 0:0), theregisters are updated when the second byte is written

o |If (CLKSB:CLKSA not = 0:0), the registers are updated after the both bytes were written, and the
TPM counter changes from (TPMxXMODH: TPMxMODL - 1) to (TPMXMODH:TPMxMODL). If
the TPM counter isafree-running counter, the update is made when the TPM counter changesfrom
OxFFFE to OxFFFF.

When TPMXCNTH: TPMXCNTL=TPMxMODH: TPMxMODL, the TPM can optionally generate a TOF
interrupt (at the end of this count).

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanism for the modulo registers. Writing to TPMxCnSC cancels any values written to the
channel value registers and resets the coherency mechanism for TPMxCnVH: TPMxCnVL.

16.5 Reset Overview

16.5.1 General
The TPM is reset whenever any MCU reset occurs.

16.5.2 Description of Reset Operation

Reset clearsthe TPMxSC register which disables clocksto the TPM and disablestimer overflow interrupts
(TOIE=0). CPWMS, MSnB, MSnA, ELSnB, and ELSnA are all cleared which configures all TPM
channelsfor input-capture operation with the associated pins disconnected from |/O pin logic (so all MCU
pinsrelated to the TPM revert to general purpose I/O pins).

16.6 Interrupts

16.6.1 General

The TPM generates an optional interrupt for the main counter overflow and an interrupt for each channel.
The meaning of channel interrupts depends on each channel’s mode of operation. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edgeis
recognized. If the channel is configured for output compare or PWM modes, the interrupt flag is set each
time the main timer counter matches the value in the 16-bit channel value register.
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Chapter 17 Development Support

Figure 17-4 shows the host receiving alogic 0 from the target HCS08 M CU. Because the host is
asynchronous to the target MCU, there is a 0-to-1 cycle delay from the host-generated falling edge on
BKGD to the start of the bit time as perceived by the target MCU. The host initiates the bit time but the
target HCSO08 finishes it. Because the target wants the host to receive alogic 0, it drivesthe BKGD pin low
for 13 BDC clock cycles, then briefly drivesit high to speed up the rising edge. The host samples the bit
level about 10 cycles after starting the bit time.

BDC CLOCK
(TARGET MCU)

HOST DRIVE

TOBKGDPN =771 "7\ R ARRREREREEEEE HIGH-IMPEDANGE = = = = = = = = = = = = - LR

L

SPEEDUP

TARGET MCU

DRIVE AND
SPEED-UP PULSE

PULSE /_\ ____________

PERCEIVED START
OF BIT TIME

BKGDPIN  *  \

| | | | I | | | | | | | | 1 |
|= 10 CYCLES > EARLIEST START
B {0 GYOLES o OF NEXT BIT
i j_T
HOST SAMPLES BKGD PIN

Figure 17-4. BDM Target-to-Host Serial Bit Timing (Logic 0)
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Chapter 17 Development Support

The SYNC command is unlike other BDC commands because the host does not necessarily know the
correct communications speed to use for BDC communications until after it has analyzed the response to
the SYNC command.

To issue a SYNC command, the host:

* Drivesthe BKGD pinlow for at least 128 cycles of the slowest possible BDC clock (The slowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)

* DrivesBKGD highfor abrief speedup pulseto get afast rise time (This speedup pulseistypically
one cycle of the fastest clock in the system.)

* Removesall driveto the BKGD pin so it reverts to high impedance
* Monitorsthe BKGD pin for the sync response pulse

The target, upon detecting the SY NC request from the host (which isamuch longer low time than would
ever occur during normal BDC communications):

» Waitsfor BKGD to return to alogic high

» Delays 16 cyclesto allow the host to stop driving the high speedup pulse
* DrivesBKGD low for 128 BDC clock cycles

» Drivesal-cycle high speedup pulse to force afast rise time on BKGD

* Removesall driveto the BKGD pin so it reverts to high impedance

The host measures the low time of this 128-cycle sync response pul se and determines the correct speed for
subsequent BDC communications. Typically, the host can determine the correct communication speed
within afew percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

17.2.4 BDC Hardware Breakpoint

The BDC includes one relatively simple hardware breakpoint that compares the CPU address busto a
16-bit match valueinthe BDCBKPT register. This breakpoint can generate aforced breakpoint or atagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. Thisimplies that
tagged breakpoints can only be placed at the address of an instruction opcode whileforced breakpoints can
be set at any address.

The breakpoint enable (BKPTEN) control bit in the BDC status and control register (BDCSCR) is used to
enable the breakpoint logic (BKPTEN = 1). When BKPTEN = 0, its default value after reset, the
breakpoint logic is disabled and no BDC breakpoints are requested regardless of the valuesin other BDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS=1) or tagged (FTS = 0) type breakpoints.

The on-chip debug module (DBG) includes circuitry for two additional hardware breakpointsthat are more
flexible than the ssmple breakpoint in the BDC module.
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Chapter 17 Development Support

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

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

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

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

attempting other BDC commands.

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

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

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

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

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

17.4.1.2 BDC Breakpoint Match Register (BDCBKPT)

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

17.4.2 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background mode command such as
WRITE_BY TE must be used to write to SBDFR. Attemptsto write this register from a user program are
ignored. Reads aways return 0x00.
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A.4 Thermal Characteristics

This section provides information about operating temperature range, power dissipation, and package
thermal resistance. Power dissipation on 1/0O pinsis usually small compared to the power dissipation in
on-chip logic and voltage regulator circuits, and it is user-determined rather than being controlled by the
MCU design. To take P, into account in power cal culations, determine the difference between actual pin
voltageand V g5 or V pp and multiply by the pin current for each 1/0 pin. Except in cases of unusually high
pin current (heavy loads), the difference between pin voltage and V gg or Vpp will be very small.

Table A-3. Thermal Characteristics

Appendix A Electrical Characteristics

Temp
Rated
o
# | C Symbol Value Unit o 2
© ©
NG
S | o
2 L
<
__ | Operating temperature range
(packaged)
Temperature Code W —40 to 150 —
Temperature Code J —40 to 140 —
1
Temperature Code M Ta —40to 125 °C ¢ | —
Temperature Code V —40 to 105 ¢ | —
Temperature Code C —40to 85 ¢ | —
Thermal resistance, Single-layer board
Airflow @200 Natural
ft/min Convection
D 28-pin TSSOP 03 71 91 °C/W ¢ ¢
2
20-pin TSSOP 94 114 _
16-pin TSSOP 108 133 ¢
Thermal resistance, Four-layer board
Airflow @200 Natural
ft/min Convection
D 28-pin TSSOP 03 51 58 °C/IW ¢ ¢
3
20-pin TSSOP 68 75 ¢ | —
16-pin TSSOP 78 92 ¢ ¢
135 ¢ | —
4 | D | Maximum junction temperature T, °C
155 — ¢
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Appendix A Electrical Characteristics
3 Time to data active from high-impedance state.

4 Hold time to high-impedance state.
5 Maximum baud rate must be limited to 5 MHz due to input filter characteristics.
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(INPUT) ——{( MSB IN —< BIT6... 1 LSB IN
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MSB OUT? BIT6...1 LSB OUT
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NOTES:
1. SS output mode (MODFEN = 1, SSOE = 1).
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure A-14. SPI Master Timing (CPHA =0)
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Appendix B

Ordering Information and Mechanical Drawings

B.1  Ordering Information

This section contains ordering information for MC9S08SG32 and M C9S08SG16 devices.

Table B-1. Device Numbering System

Part Number?

Memory Temp Rated Available Packages?
o
ho] ()
P K _ _ .
Flash RAM ° 15 28-Pin 20-Pin 16-Pin
@
» 9
<
MC9S08SG32 32K ¢ ¢
1K 28 TSSOP 20 TSSOP3 16 TSSOP
MC9S08SG16 16K ¢ ¢

1 See Table 1-1 for a complete description of modules included on each device.
2 See Table B-2 for package information.

3 20-pin TSSOP package is not available on the AEC Grade 0 high-temperature rated devices.
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