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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MC9S08QG8/4 are described in this section. Entry into each mode, exit from
each mode, and functionality while in each mode are described.

3.2 Features

» Active background mode for code development
«  Wait mode:
— CPU halts operation to conserve power
— System clocks running
— Full voltage regulation is maintained
» Stop modes: CPU and bus clocks stopped
— Stop1: Full powerdown of internal circuits for maximum power savings
— Stop2: Partial powerdown of internal circuits; RAM contents retained
— Stop3: All internal circuits powered for fast recovery; RAM and register contents are retained

3.3 Run Mode

Run is the normal operating mode for the MC9S08QG8/4. This mode is selected upon the MCU exiting
reset if the BKGD/MS pin is high. In this mode, the CPU executes code from internal memory with
execution beginning at the address fetched from memory at OxFFFE:0xFFFF after reset.

3.4 Active Background Mode

The active background mode functions are managed through the background debug controller (BDC) in
the HCSO08 core. The BDC, together with the on-chip debug module (DBG), provides the means for
analyzing MCU operation during software development.

Active background mode is entered in any of five ways:

*  When the BKGD/MS pin is low during POR or immediately after issuing a background debug
force reset (see 5.8.3, “System Background Debug Force Reset Register (SBDFR)”)

*  When a BACKGROUND command is received through the BKGD pin
*  When a BGND instruction is executed
*  When encountering a BDC breakpoint
*  When encountering a DBG breakpoint
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Chapter 4 Memory Map and Register Definition

Table 4-2. Direct-Page Register Summary (continued)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0014 ADCCVH 0 0 0 0 0 0 ADCV9 ADCV8
0x0015 ADCCVL ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCVA ADCV0
0x0016 ADCCFG ADLPC ADIV ADLSMP MODE ADICLK
0x0017 APCTL1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
0x0018 Reserved 0 0 0 0 0 0 0 0
0x0019 Reserved 0 0 0 0 0 0 0 0
0x001A ACMPSC ACME ACBGS ACF ACIE ACO ACOPE ACMOD
oo Reserved _ | Z | Z | Z | Z | Z]|<Z]|:
0x0020 SCIBDH 0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x0021 SCIBDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x0022 SCIC1 LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0x0023 SCIC2 TIE TCIE RIE ILIE TE RE RWU SBK
0x0024 SCIS1 TDRE TC RDRF IDLE OR NF FE PF
0x0025 SCIS2 0 0 0 0 0 BRK13 0 RAF
0x0026 SCIC3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x0027 SCID Bit7 6 5 4 3 2 1 Bit0
0x0028 SPIC1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0x0029 SPIC2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x002A SPIBR 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
0x002B SPIS SPRF 0 SPTEF MODF 0 0 0 0
0x002C Reserved 0 0 0 0 0 0 0 0
0x002D SPID Bit7 6 5 4 3 2 1 Bit0
0x002E Reserved — — — — — — — —
0x002F Reserved — — — — — — — —
0x0030 lICA ADDR 0
0x0031 IICF MULT ICR
0x0032 licC [ICEN lICIE MST X TXAK RSTA 0 0
0x0033 IICS TCF IAAS BUSY ARBL 0 SRW lICIF RXAK
0x0034 lICD DATA
0x0035 Reserved — — — — — — — —
0x0036 Reserved — — — — — — — —
0x0037 Reserved — — — — — — — —
0x0038 ICSC1 CLKS RDIV IREFS IRCLKEN | IREFSTEN
0x0039 ICSC2 BDIV RANGE HGO LP EREFS | ERCLKEN |EREFSTEN
0x003A ICSTRM TRIM
0x003B ICSSC 0 0 0 0 CLKST OSCINIT FTRIM
0x003C MTIMSC TOF TOIE TRST TSTP 0 0 0 0
0x003D MTIMCLK 0 0 CLKS PS
0x003E MTIMCNT COUNT
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Chapter 4 Memory Map and Register Definition

The first byte of a series of sequential bytes being programmed in burst mode will take the same amount
of time to program as a byte programmed in standard mode. Subsequent bytes will program in the burst
program time provided that the conditions above are met. In the case the next sequential address is the
beginning of a new row, the program time for that byte will be the standard time instead of the burst time.
This is because the high voltage to the array must be disabled and then enabled again. If a new burst
command has not been queued before the current command completes, then the charge pump will be

disabled and high voltage removed from the array.

WRITE TO FCDIV (Note 1)

FLASH BURST
PROGRAM FLOW

Y
< FACCERR ?

+1

CLEAR ERROR

Note 1: Required only once after reset.
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TO BUFFER ADDRESS AND DATA
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WRITE 1 TO FCBEF
TO LAUNCH COMMAND
AND CLEAR FCBEF (Note 2)
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»(  ERROR EXIT

Note 2: Wait at least four bus cycles before
checking FCBEF or FCCF.

Figure 4-3. FLASH Burst Program Flowchart
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Chapter 5 Resets, Interrupts, and General System Control

5.8.4

System Options Register 1 (SOPT1)

This high page register is a write-once register so only the first write after reset is honored. It can be read
at any time. Any subsequent attempt to write to SOPT1 (intentionally or unintentionally) is ignored to
avoid accidental changes to these sensitive settings. SOPT1 must be written during the user reset
initialization program to set the desired controls even if the desired settings are the same as the reset

settings.
]
7 6 5 4 2 1 0
R 0 0
COPE COPT STOPE BKGDPE RSTPE
w
Reset: 1 1 0 1 0 0 1 u®@
POR: 1 1 0 1 0 0 1 0
LVD: 1 1 0 1 0 0 1 0

= Unimplemented or Reserved

Figure 5-5. System Options Register 1 (SOPT1)

1 Bit 4 is reserved: writes will change the value but will have no effect on this MCU.

2

u = unaffected

Table 5-6. SOPT1 Register Field Descriptions

Field Description
7 COP Watchdog Enable — This write-once bit selects whether the COP watchdog is enabled.
COPE 0 COP watchdog timer disabled.
1 COP watchdog timer enabled (force reset on timeout).
6 COP Watchdog Timeout — This write-once bit selects the timeout period of the COP. COPT along with
COPT COPCLKS in SOPT2 defines the COP timeout period.
0 Short timeout period selected.
1 Long timeout period selected.
5 Stop Mode Enable — This write-once bit is used to enable stop mode. If stop mode is disabled and a user
STOPE program attempts to execute a STOP instruction, an illegal opcode reset is forced.
0 Stop mode disabled.
1 Stop mode enabled.
1 Background Debug Mode Pin Enable — This write-once bit when set enables the PTA4/ACMPO/BKGD/MS
BKGDPE | pin to function as BKGD/MS. When clear, the pin functions as one of its output only alternative functions. This
pin defaults to the BKGD/MS function following any MCU reset.
0 PTA4/ACMPO/BKGD/MS pin functions as PTA4 or ACMPO.
1 PTA4/ACMPO/BKGD/MS pin functions as BKGD/MS.
0 RESET Pin Enable — This write-once bit when set enables the PTA5/IRQ/TCLK/RESET pin to function as
RSTPE RESET. When clear, the pin functions as one of its input only alternative functions. This pin defaults to its
input-only port function following an MCU POR. When RSTPE is set, an internal pullup device is enabled on
RESET.
0 PTA5/IRQ/TCLK/RESET pin functions as PTAS5, IRQ, or TCLK.
1 PTAS5/IRQ/TCLK/RESET pin functions as RESET.
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Chapter 5 Resets, Interrupts, and General System Control

5.8.7 System Real-Time Interrupt Status and Control Register (SRTISC)
This high page register contains status and control bits for the RTI.
7 6 5 4 3 2 1 0
R RTIF 0 0
RTICLKS RTIE RTIS
W RTIACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-9. System RTI Status and Control Register (SRTISC)
Table 5-10. SRTISC Register Field Descriptions
Field Description
7 Real-Time Interrupt Flag — This read-only status bit indicates the periodic wakeup timer has timed out.
RTIF 0 Periodic wakeup timer not timed out.
1 Periodic wakeup timer timed out.
6 Real-Time Interrupt Acknowledge — This write-only bit is used to acknowledge real-time interrupt request
RTIACK | (write 1 to clear RTIF). Writing O has no meaning or effect. Reads always return 0.
5 Real-Time Interrupt Clock Select — This read/write bit selects the clock source for the real-time interrupt.
RTICLKS |0 Real-time interrupt request clock source is internal 1-kHz oscillator.
1 Real-time interrupt request clock source is external clock.
4 Real-Time Interrupt Enable — This read-write bit enables real-time interrupts.
RTIE 0 Real-time interrupts disabled.
1 Real-time interrupts enabled.
2:0 Real-Time Interrupt Delay Selects — These read/write bits select the period for the RTI. See Table 5-11.
RTIS

Table 5-11. Real-Time Interrupt Period

RTIS2:RTIS1:RTISO Using Internal 1-kHz Clock Source! 2 Using External Clock Source

Period = tgy;

0:0:0 Disable RTI Disable RTI

0:0:1 8 ms text X 256

0:1:0 32 ms text X 1024

0:1:1 64 ms text X 2048

1:0:0 128 ms text X 4096

1:0:1 256 ms text X 8192

1:1:0 512 ms text X 16384

1:1:1 1.024 s toxt X 32768

! Values are shown in this column based on tgr = 1 ms. See tgy in the appendix Section A.8.1, “Control Timing,” for the
tolerance of this value.
2 The initial RTI timeout period will be up to one 1-kHz clock period less than the time specified.

3 text is the period of the external crystal frequency.
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Chapter 6 Parallel Input/Output Control

6.4.2.3 Port A Drive Strength Select (PTADS)

An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTADS). When high drive is selected, a pin is capable of sourcing and
sinking greater current. Even though every I/O pin can be selected as high drive, the user must ensure that
the total current source and sink limits for the chip are not exceeded. Drive strength selection is intended
to affect the DC behavior of I/O pins. However, the AC behavior is also affected. High drive allows a pin
to drive a greater load with the same switching speed as a low drive enabled pin into a smaller load.
Because of this the EMC emissions may be affected by enabling pins as high drive.

6.4.2.4 Port A Drive Strength Select (PTADS)

7 6 5 4 3 2 1 0
R 0 0
PTADS5' PTADS4 PTADS3 PTADS2 PTADS1 PTADSO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-8. Drive Strength Selection for Port A Register (PTADS)
T PTADSS5 has no effect on the input-only PTA5 pin.

Table 6-5. PTADS Register Field Descriptions

Field Description

5:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADS[5:0] |output drive for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port A bit n.

1 High output drive strength selected for port A bit n.
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Chapter 7 Central Processor Unit (S08CPUV2)

7.2.3 Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(LIFO) stack. The stack may be located anywhere in the 64-Kbyte address space that has RAM and can
be any size up to the amount of available RAM. The stack is used to automatically save the return address
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AIS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. This is most
often used to allocate or deallocate space for local variables on the stack.

SP is forced to 0xOOFF at reset for compatibility with the earlier M68HCO05 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to 0OxO0FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCO05 Family and
is seldom used in new HCSO08 programs because it only affects the low-order half of the stack pointer.

7.2.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next instruction or operand to be
fetched.

During normal program execution, the program counter automatically increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch, interrupt, and return
operations load the program counter with an address other than that of the next sequential location. This
is called a change-of-flow.

During reset, the program counter is loaded with the reset vector that is located at OxFFFE and OxFFFF.
The vector stored there is the address of the first instruction that will be executed after exiting the reset
state.

7.2.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (I) and five flags that indicate the results of
the instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code bits in general terms. For a more detailed explanation of how each
instruction sets the CCR bits, refer to the HCS08 Family Reference Manual, volume 1, Freescale
Semiconductor document order number HCSO8RMv 1.
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Chapter 8 Analog Comparator (S0O8ACMPV2)

B BKGDMS
IRQ
HCS08 CORE
DEBUG MODULE (DBG)
o e TCLK S
8-BTMODULO TIMER [ |«—— PTAS//IRQ/TCLK/RESET
HCS08 SYSTEM CONTROL MODULE (MTIM) —» PTA4/ACMPO/BKGD/MS
SCL
RESETS AND INTERRUPTS < ™| [« PTA3KBIP3/SCL/ADP3
MODES OF OPERATION _ SDA |
POWER MANAGEMENT [ IIC MODULE (IIC) < > % <> PTA2/KBIP2/SDA/ADP2
o
| || oo | 4
8-BIT KEYBOARD
’ IRQ ‘ ‘ LVD ’ INTERRUPT MODULE (KBI) 4
ACMPO _
USER FLASH »| ANALOG COMPARATOR ‘igmg‘ <> PTA1/KBIP1/ADP1/ACMP—
> ACMP +
(MCIS08QG8 = 8192 BYTES) ( ) - <«—» PTAO/KBIPO/TPMCHO/ADPO/ACMP+
(MC9S08QG4 = 4096 BYTES) 4
> 10-BIT L
ANALOG-TO-DIGITAL ]
— > |<«—>» PTB7/SCL/EXTAL
USER RAM |  CONVERTER(ADC) 4 > |<—> PTB6/SDAXTAL
(MC9S08QG8 = 512 BYTES)
B TPMCHO
(MC9S08QG4 = 256 BYTES) 16-BIT TIMER/PWM v
MODULE (TPM) - >
16-MHz INTERNAL CLOCK ~ S -
SOURCE (ICS) <55 | [ PTBS/TPMCH1/SS
————————— SERIAL PERIPHERAL < > (<> PTB4MISO
LOW-POWER OSCILLATOR INTERFACE MODULE (SPI) [< MOSI O > PTB3/KBIP7/MOSI/ADP7
G125 Kz 10 56.4 Kz e SPSCK__ o 1™ |« PTB2/KBIP6/SPSCK/ADPS
1 MHz to 16 MHz
(XOSC) TxD ol |
SERIAL COMMUNICATIONS | Ryp . Eig;ﬁig:ﬁiﬁ;ﬁ%ﬁgﬁ
Vss INTERFACE MODULE (SCl) [ 7
VOLTAGE REGULATOR
Vop| EXTAL
XTAL N
Vooa B
Vssa L
VREFH
VREFL

NOTES:

T Not all pins or pin functions are available on all devices, see Table 1-1 for available functions on each device.
Port pins are software configurable with pullup device if input port.

Port pins are software configurable for output drive strength.

Port pins are software configurable for output slew rate control.

TRQ contains a software configurable (IRQPDD) pullup device if PTA5 enabled as IRQ pin function (IRQPE = 1).
RESET contains integrated pullup device if PTA5 enabled as reset pin function (RSTPE = 1).

PTA4 contains integrated pullup device if BKGD enabled (BKGDPE = 1).

SDA and SCL pin locations can be repositioned under software control (IICPS), defaults on PTA2 and PTAS.
When pin functions as KBI (KBIPEn = 1) and associated pin is configured to enable the pullup device, KBEDGn can be used to reconfigure
the pullup as a pulldown device.

© 00 N o o b~ N

Figure 8-1. MC9S08QG8/4 Block Diagram Highlighting ACMP Block and Pins
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Analog-to-Digital Converter (S0O8ADC10V1)

2. Update status and control register 2 (ADCSC2) to select the conversion trigger (hardware or
software) and compare function options, if enabled.

3. Update status and control register 1 (ADCSC1) to select whether conversions will be continuous
or completed only once, and to enable or disable conversion complete interrupts. The input channel
on which conversions will be performed is also selected here.

9.5.1.2 Pseudo — Code Example

In this example, the ADC module will be set up with interrupts enabled to perform a single 10-bit
conversion at low power with a long sample time on input channel 1, where the internal ADCK clock will
be derived from the bus clock divided by 1.

ADCCFG = 0x98 (%10011000)

Bit7  ADLPC 1 Configures for low power (lowers maximum clock speed)
Bit 6:5 ADIV 00 Sets the ADCK to the input clock + 1
Bit4 ADLSMP 1 Configures for long sample time

Bit3:2 MODE 10 Sets mode at 10-bit conversions
Bit 1:0 ADICLK 00 Selects bus clock as input clock source

ADCSC2 = 0x00 (%00000000)

Bit7 ADACT 0 Flag indicates if a conversion is in progress

Bit6 ADTRG 0 Software trigger selected

Bit5 ACFE 0 Compare function disabled

Bit4  ACFGT 0 Not used in this example

Bit 3:2 00 Unimplemented or reserved, always reads zero

Bit 1:0 00 Reserved for Freescale’s internal use; always write zero
ADCSC1 = 0x41 (%01000001)

Bit7 COCO 0 Read-only flag which is set when a conversion completes

Bit6  AIEN 1 Conversion complete interrupt enabled

Bit5 ADCO 0 One conversion only (continuous conversions disabled)

Bit4:0 ADCH 00001 Input channel 1 selected as ADC input channel

ADCRH/L = 0xxx

Holds results of conversion. Read high byte (ADCRH) before low byte (ADCRL) so that conversion
data cannot be overwritten with data from the next conversion.

ADCCVH/L = 0xxx

Holds compare value when compare function enabled

APCTL1=0x02
ADI1 pin I/O control disabled. All other AD pins remain general purpose I/O pins

APCTL2=0x00
All other AD pins remain general purpose I/O pins
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Analog-to-Digital Converter (S0O8ADC10V1)

9.6.2 Sources of Error

Several sources of error exist for A/D conversions. These are discussed in the following sections.

9.6.2.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given the
maximum input resistance of approximately 7kQ and input capacitance of approximately 5.5 pF, sampling
to within 1/4LSB (at 10-bit resolution) can be achieved within the minimum sample window (3.5 cycles @
8 MHz maximum ADCK frequency) provided the resistance of the external analog source (R, ) is kept

below 5 kQ)

Higher source resistances or higher-accuracy sampling is possible by setting ADLSMP (to increase the
sample window to 23.5 cycles) or decreasing ADCK frequency to increase sample time.

9.6.2.2 Pin Leakage Error

Leakage on the I/O pins can cause conversion error if the external analog source resistance (R o) is high.
If this error cannot be tolerated by the application, keep Rx g lower than Vppap / (2N*ILE Ax) for less than
1/4LsB leakage error (N = 8 in 8-bit mode or 10 in 10-bit mode).

9.6.2.3 Noise-Induced Errors

System noise which occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC accuracy numbers are guaranteed as specified only if the following conditions are
met:

* Thereisa0.1 pF low-ESR capacitor from Vigpy to VREpL-

* Thereis a 0.1 pF low-ESR capacitor from Vppap to Vggap-

» Ifinductive isolation is used from the primary supply, an additional 1 uF capacitor is placed from

VbpaD 0 Vssap-
*  Vggap (and Vgggp, if connected) is connected to Vgg at a quiet point in the ground plane.
* Operate the MCU in wait or stop3 mode before initiating (hardware triggered conversions) or
immediately after initiating (hardware or software triggered conversions) the ADC conversion.
— For software triggered conversions, immediately follow the write to the ADCSC1 with a WAIT
instruction or STOP instruction.
— For stop3 mode operation, select ADACK as the clock source. Operation in stop3 reduces Vpp
noise but increases effective conversion time due to stop recovery.

* There is no I/O switching, input or output, on the MCU during the conversion.

There are some situations where external system activity causes radiated or conducted noise emissions or
excessive Vpp noise is coupled into the ADC. In these situations, or when the MCU cannot be placed in
wait or stop3 or I/O activity cannot be halted, these recommended actions may reduce the effect of noise
on the accuracy:

* Place a 0.01 pF capacitor (Cpg) on the selected input channel to Vggpr, or Vggap (this will
improve noise issues but will affect sample rate based on the external analog source resistance).
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Analog-to-Digital Converter (SO8ADC10V1)
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Modulo Timer (S08MTIMV1)

13.4.1 MTIM Operation Example

This section shows an example of the MTIM operation as the counter reaches a matching value from the
modulo register.

selected
docksource | L LI LTIy

MTIM clock

Ps=wo0010) | L | L L | [

MTIMCNT | $A7 | $A8 | $A9 | $AA | $00 | $01 |

TOF |

MTIMMOD: | SAA |

Figure 13-8. MTIM counter overflow example

In the example of Figure 13-8, the selected clock source could be any of the five possible choices. The
prescaler is set to PS = %0010 or divide-by-4. The modulo value in the MTIMMOD register is set to SAA.
When the counter, MTIMCNT, reaches the modulo value of $AA, the counter overflows to $00 and
continues counting. The timer overflow flag, TOF, sets when the counter value changes from $AA to $00.

An

MTIM overflow interrupt is generated when TOF is set, if TOIE = 1.
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Serial Communications Interface (S08SCIV3)

Table 14-4. SCIC2 Register Field Descriptions (continued)

Field

Description

RE

Receiver Enable — When the SClI receiver is off, the RxD pin reverts to being a general-purpose port I/O pin. 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.

RwU

Receiver Wakeup Control — This bit can be written to 1 to place the SCI receiver in a standby state where it
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.

SBK

Send Break — Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional
break characters of 10 or 11 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)

This register 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 14-9. SCI Status Register 1 (SCIS1)
Table 14-5. SCIS1 Register Field Descriptions
Field Description
7 Transmit Data Register Empty Flag — TDRE is set out of reset and when a transmit data value transfers from
TDRE the transmit data buffer to the transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read
SCIS1 with TDRE = 1 and then write to the SCI data register (SCID).
0 Transmit data register (buffer) full.
1 Transmit data register (buffer) empty.
6 Transmission Complete Flag — TC is set out of reset and when TDRE = 1 and no data, preamble, or break
TC character is being transmitted.

0 Transmitter active (sending data, a preamble, or a break).

1 Transmitter idle (transmission activity complete).

TC is cleared automatically by reading SCIS1 with TC = 1 and then doing one of the following three things:
¢ Write to the SCI data register (SCID) to transmit new data
* Queue a preamble by changing TE from 0 to 1
* Queue a break character by writing 1 to SBK in SCIC2
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

Vss
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IRQ
HCS08 CORE
DEBUG MODULE (DBG)
CPU BDC
P TCLK
8-BITMODULOTIMER [
HCS08 SYSTEM CONTROL MODULE (MTIM)
SCL
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MODES OF OPERATION __SDA _
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8-BIT KEYBOARD
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(MC9S08QG8 = 512 BYTES) - -
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(MC9S08QG4 = 256 BYTES) 16-BIT TIMER/PWM e
MODULE (TPM) - >
16-MHz INTERNAL CLOCK = 55
SOURCE (ICS) < Mso >
————————— SERIAL PERIPHERAL [ vost
LOW-POWER OSCILLATOR INTERFACE MODULE (SPI) [ > —>
31.25 kHz to 38.4 kHz - SPSCK
1 MHz to 16 MHz N -
(XOSC) D .
SERIAL COMMUNICATIONS | RyD .
INTERFACE MODULE (SCl) [~
VOLTAGE REGULATOR
. EXTAL
XTAL
Vooa =
Vssa
VREFH
VREFL
NOTES:
)

PORT A

PORT B

~<«—— PTA5//IRQ/TCLK/RESET

—> PTA4/ACMPO/BKGD/MS

~«—> PTA3/KBIP3/SCL/ADP3
~«—> PTA2/KBIP2/SDA/ADP2

~<«—> PTA1/KBIP1/ADP1/ACMP-
<<—>» PTAO/KBIPO/TPMCHO/ADPO/ACMP+

[~«—> PTB7/SCL/EXTAL
[<&—> PTB6/SDA/XTAL

~&—> PTB5/TPMCH1/SS
~<«—> PTB4/MISO

~«—> PTB3/KBIP7/MOSI/ADP7
~«—>» PTB2/KBIP6/SPSCK/ADP6

~«—>» PTB1/KBIP5/TxD/ADP5
~«—> PTB0/KBIP4/RxD/ADP4

Not all pins or pin functions are available on all devices, see Table 1-1 for available functions on each device.
Port pins are software configurable with pullup device if input port.
Port pins are software configurable for output drive strength.

Port pins are software configurable for output slew rate control.
TRQ contains a software configurable (IRQPDD) pullup device if PTA5 enabled as IRQ pin function (IRQPE = 1).
RESET contains integrated pullup device if PTA5 enabled as reset pin function (RSTPE = 1).
PTA4 contains integrated pullup device if BKGD enabled (BKGDPE = 1).
SDA and SCL pin locations can be repositioned under software control (IICPS), defaults on PTA2 and PTAS.
When pin functions as KBI (KBIPEn = 1) and associated pin is configured to enable the pullup device, KBEDGn can be used to reconfigure

the pullup as a pulldown device.

Figure 15-1. MC9S08QG8/4 Block Diagram Highlighting SPI Block and Pins
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Serial Peripheral Interface (S08SPIV3)

PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY | DIVIDE BY '\SﬂFﬁ\ISTER
1,2,3,4,5,6,7,0r8 2,4,8, 16, 32, 64, 128, or 256 > BIT RATE
A A
| sppResPPRISPPRO | | SPR2:SPR1:SPRO

Figure 15-4. SPI Baud Rate Generation

15.2 External Signal Description

The SPI optionally shares four port pins. The function of these pins depends on the settings of SPI control
bits. When the SP1 is disabled (SPE = 0), these four pins revert to being general-purpose port I/O pins that
are not controlled by the SPI.

15.2.1 SPSCK — SPI Serial Clock

When the SPI is enabled as a slave, this pin is the serial clock input. When the SPI is enabled as a master,
this pin is the serial clock output.

15.2.2 MOSI — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO0) is 0 (not bidirectional mode), this
pin is the serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional data I/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and slave mode is
selected, this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

15.2.3 MISO — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO0) is 0 (not bidirectional mode), this
pin is the serial data input. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is selected, this pin becomes
the bidirectional data I/O pin (SISO) and the bidirectional mode output enable bit determines whether the
pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master mode is selected,
this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

15.2.4 SS — Slave Select

When the SPI is enabled as a slave, this pin is the low-true slave select input. When the SPI is enabled as
a master and mode fault enable is off (MODFEN = 0), this pin is not used by the SPI and reverts to being
a general-purpose port I/O pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determines whether this pin acts as the mode fault input (SSOE = 0) or as the slave select
output (SSOE = 1).
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Timer/Pulse-Width Modulator (S08TPMV2)

16.1.3 Features

The TPM has the following features:

* Each TPM may be configured for buffered, center-aligned pulse-width modulation (CPWM) on all
channels

» Clock sources independently selectable per TPM (multiple TPMs device)

» Selectable clock sources (device dependent): bus clock, fixed system clock, external pin
* Clock prescaler taps for divide by 1, 2, 4, 8, 16, 32, 64, or 128

* 16-bit free-running or up/down (CPWM) count operation

* 16-bit modulus register to control counter range

* Timer system enable

* One interrupt per channel plus a terminal count interrupt for each TPM module (multiple TPMs
device)

* Channel features:
— Each channel may be input capture, output compare, or buffered 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

16.1.4 Block Diagram

Figure 16-2 shows the structure of a TPM. Some MCUs include more than one TPM, with various
numbers of channels.
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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 MC9S08QG8/4 because it does not have any slow
DVF 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 bits in 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 is in 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 BYTE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return 0x00.

MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5

258 Freescale Semiconductor



Development Support

17.4.3.8 Debug Trigger Register (DBGT)
This register can be read any time, but may be written only if ARM = 0, except bits 4 and 5 are hard-wired
to Os.
7 6 5 3 2 1 0
0 0
TRGSEL BEGIN TRG3 TRG2 TRG1 TRGO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 17-8. Debug Trigger Register (DBGT)
Table 17-5. DBGT Register Field Descriptions
Field Description
7 Trigger Type — Controls whether the match outputs from comparators A and B are qualified with the opcode
TRGSEL |tracking logic in the debug module. If TRGSEL is set, a match signal from comparator A or B must propagate
through the opcode tracking logic and a trigger event is only signalled to the FIFO logic if the opcode at the match
address is actually executed.
0 Trigger on access to compare address (force)
1 Trigger if opcode at compare address is executed (tag)
6 Begin/End Trigger Select — Controls whether the FIFO starts filling at a trigger or fills in a circular manner until
BEGIN a trigger ends the capture of information. In event-only trigger modes, this bit is ignored and all debug runs are
assumed to be begin traces.
0 Data stored in FIFO until trigger (end trace)
1 Trigger initiates data storage (begin trace)
3.0 Select Trigger Mode — Selects one of nine triggering modes, as described below.
TRG[3:0] |[0000 A-only
0001 AORB
0010 AThenB
0011 Event-only B (store data)
0100 A then event-only B (store data)
0101 A AND B data (full mode)
0110 A AND NOT B data (full mode)
0111 Inside range: A < address <B
1000 Outside range: address < A or address > B
1001 — 1111 (No trigger)
17.4.3.9 Debug Status Register (DBGS)

This is a read-only status register.
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Figure A-1. Pullup and Pulldown Typical Resistor Values (Vpp = 3.0 V)
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Figure A-2. Typical Low-Side Driver (Sink) Characteristics — Low Drive (PTxDSn = 0)
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Appendix A Electrical Characteristics

Figure A-3. Typical Low-Side Driver (Sink) Characteristics — High Drive (PTxDSnh = 1)
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Table A-17. Conducted Susceptibility, EFT/B

Appendix A Electrical Characteristics

; T
Parameter Symbol Conditions fosc/feus Result Am(pNIIIit:)de Unit
A TBD
Vpp = 3.3V TBD crystal B TBD
Conducted susceptibility, electrical Vv Ta = +25°C TBD bus KV
fast transient/burst (EFT/B) CS_EFT package type
C TBD
TBD
D TBD

' Data based on qualification test results. Not tested in production.

The susceptibility performance classification is described in Table A-18.

Table A-18. Susceptibility Performance Classification

Result Performance Criteria
A No failure The MCU performs as designed during and after exposure.
B Self-recovering | The MCU does not perform as designed during exposure. The MCU returns
failure automatically to normal operation after exposure is removed.

C Soft failure The MCU does not perform as designed during exposure. The MCU does not return to
normal operation until exposure is removed and the RESET pin is asserted.

D Hard failure The MCU does not perform as designed during exposure. The MCU does not return to
normal operation until exposure is removed and the power to the MCU is cycled.

E Damage The MCU does not perform as designed during and after exposure. The MCU cannot
be returned to proper operation due to physical damage or other permanent
performance degradation.
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