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Chapter 2 Pins and Connections

2.3.1 Power (Vpp, 2 x Vgs, Vppaps Vssab)

Vpp and Vgg are the primary power supply pins for the MCU. This voltage source supplies power to all
I/0O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides regulated
lower-voltage source to the CPU and other internal circuitry of the MCU.

Typically, application systems have two separate capacitors across the power pins. In this case, there
should be a bulk electrolytic capacitor, such as a 10-UF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1-uF ceramic bypass capacitor located as near to the paired Vpp and Vgg
power pins as practical to suppress high-frequency noise. The MC9SO08AW60 has a second Vg pin. This
pin should be connected to the system ground plane or to the primary Vg pin through a low-impedance
connection.

Vppap and Vggap are the analog power supply pins for the MCU. This voltage source supplies power to
the ADC module. A 0.1-uF ceramic bypass capacitor should be located as near to the analog power pins
as practical to suppress high-frequency noise.

2.3.2 Oscillator (XTAL, EXTAL)

Out of reset, the MCU uses an internally generated clock (self-clocked mode — fggjf reset) €quivalent to
about 8-MHz crystal rate. This frequency source is used during reset startup and can be enabled as the
clock source for stop recovery to avoid the need for a long crystal startup delay. This MCU also contains
a trimmable internal clock generator (ICG) module that can be used to run the MCU. For more information
on the ICG, see the Chapter 8, “Internal Clock Generator (SO8ICGV4).”

The oscillator amplitude on XTAL and EXTAL is gain limited for low-power oscillation. Typically, these
pins have a 1-V peak-to-peak signal. For noisy environments, the high gain output (HGO) bit can be set to
enable rail-to-rail oscillation.

The oscillator in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic resonator in
either of two frequency ranges selected by the RANGE bit in the ICGCI register. Rather than a crystal or
ceramic resonator, an external oscillator can be connected to the EXTAL input pin.

Refer to Figure 2-4 for the following discussion. Rg (when used) and Ry should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors, and some metal film resistors, have
too much inductance. C1 and C2 normally should be high-quality ceramic capacitors that are specifically
designed for high-frequency applications.

Rp is used to provide a bias path to keep the EXTAL input in its linear range during crystal startup and its
value is not generally critical. Typical systems use 1 MQ to 10 M. Higher values are sensitive to humidity
and lower values reduce gain and (in extreme cases) could prevent startup.

C1 and C2 are typically in the 5-pF to 25-pF range and are chosen to match the requirements of a specific
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin
capacitance when sizing C1 and C2. The crystal manufacturer typically specifies a load capacitance which
is the series combination of C1 and C2 which are usually the same size. As a first-order approximation,
use 10 pF as an estimate of combined pin and PCB capacitance for each oscillator pin (EXTAL and
XTAL).
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Chapter 3 Modes of Operation

Table 3-4. Stop Mode Behavior (continued)

Mode
Peripheral
Stop2 Stop3

KBI Off Optionally On®
RTI Optionally On* Optionally On*
SCl Off Standby
SPI Off Standby
TPM Off Standby
Voltage Regulator Standby Standby
I/O Pins States Held States Held

Requires the asynchronous ADC clock and LVD to be enabled, else in

standby.

2 OSCSTEN set in ICSC1, else in standby. For high frequency range (RANGE
in ICSC2 set) requires the LVD to also be enabled in stop3.

8 During stop3, KBI pins that are enabled continue to function as interrupt

sources that are capable of waking the MCU from stop3.

This RTI can be enabled to run in stop2 or stop3 with the internal RTI clock

source (RTICLKS = 0, in SRTISC). The RTI also can be enabled to run in

stop3 with the external clock source (RTICLKS = 1 and OSCSTEN = 1).
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Chapter 4 Memory

4.4.3 Program and Erase Command Execution

The steps for executing any of the commands are listed below. The FCDIV register must be initialized and
any error flags cleared before beginning command execution. The command execution steps are:

1. Write a data value to an address in the FLASH array. The address and data information from this
write is latched into the FLASH interface. This write is a required first step in any command
sequence. For erase and blank check commands, the value of the data is not important. For page
erase commands, the address may be any address in the 512-byte page of FLASH to be erased. For
mass erase and blank check commands, the address can be any address in the FLASH memory.
Whole pages of 512 bytes are the smallest block of FLASH that may be erased. In the 60K version,
there are two instances where the size of a block that is accessible to the user is less than 512 bytes:
the first page following RAM, and the first page following the high page registers. These pages are
overlapped by the RAM and high page registers respectively.

NOTE

Do not program any byte in the FLASH more than once after a successful
erase operation. Reprogramming bits to a byte which is already
programmed is not allowed without first erasing the page in which the byte
resides or mass erasing the entire FLASH memory. Programming without
first erasing may disturb data stored in the FLASH.

2. Write the command code for the desired command to FCMD. The five valid commands are blank
check ($05), byte program ($20), burst program ($25), page erase ($40), and mass erase ($41).
The command code is latched into the command buffer.

3. Write a 1 to the FCBEF bit in FSTAT to clear FCBEF and launch the command (including its
address and data information).

A partial command sequence can be aborted manually by writing a O to FCBEF any time after the write to
the memory array and before writing the 1 that clears FCBEF and launches the complete command.
Aborting a command in this way sets the FACCERR access error flag which must be cleared before
starting a new command.

A strictly monitored procedure must be obeyed or the command will not be accepted. This minimizes the
possibility of any unintended changes to the FLASH memory contents. The command complete flag
(FCCF) indicates when a command is complete. The command sequence must be completed by clearing
FCBEF to launch the command. Figure 4-3 is a flowchart for executing all of the commands except for
burst programming. The FCDIV register must be initialized before using any FLASH commands. This
only must be done once following a reset.
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Chapter 4 Memory

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 ECDIv (Note 1) Note 1: Required only once after reset.

FLASH BURST
PROGRAM FLOW START

Y
< FACCERR ?

+1

CLEAR ERROR

\
< FCBEF ?
I

WRITE TO FLASH
TO BUFFER ADDRESS AND DATA

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| ¥ |
| WRITE COMMAND ($25) TO FCMD |
| v !
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

A A

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

AND CLEAR FCBEF (Note 2)
YES
< 5@’(':%?;? 2 »( ERROREXIT
*NO

NEW BURST COMMAND ? >
NO

YES

-
Ll

A
FCCF ?

+1

Figure 4-4. FLASH Burst Program Flowchart
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Chapter 4 Memory

4.6.6 FLASH Command Register (FCMD)

Only five command codes are recognized in normal user modes as shown in Table 4-14. Refer to
Section 4.4.3, “Program and Erase Command Execution” for a detailed discussion of FLASH

programming and erase operations.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W| FCMD7 FCMD6 FCMD5 FCMD4 FCMD3 FCMD2 FCMD1 FCMDO
Reset 0 0 0 0 0 0 0 0

Figure 4-11. FLASH Command Register (FCMD)

Table 4-13. FCMD Register Field Descriptions

Field Description

FCMD[7:0] | FLASH Command Bits — See Table 4-14

Table 4-14. FLASH Commands

Command FCMD Equate File Label
Blank check $05 mBlank
Byte program $20 mByteProg
Byte program — burst mode $25 mBurstProg
Page erase (512 bytes/page) $40 mPageErase
Mass erase (all FLASH) $41 mMassErase

All other command codes are illegal and generate an access error.

It is not necessary to perform a blank check command after a mass erase operation. Only blank check is
required as part of the security unlocking mechanism.
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Chapter 5 Resets, Interrupts, and System Configuration

5.9.6 System Device ldentification Register (SDIDH, SDIDL)

This read-only register is included so host development systems can identify the HCSOS8 derivative. This
allows the development software to recognize where specific memory blocks, registers, and control bits
are located in a target MCU.

7 6 5 4 3 2 1 0
R ID11 ID10 ID9 ID8
w
Reset — — — — 0 0 0 0
= Unimplemented or Reserved
Figure 5-7. System Device Identification Register — High (SDIDH)
Table 5-7. SDIDH Register Field Descriptions
Field Description
7:4 Bits 7:4 are reserved. Reading these bits will result in an indeterminate value; writes have no effect.
Reserved
3.0 Part Identification Number — Each derivative in the HCS08 family has a unique identification number. The
ID[11:8] MC9S08AWG60 Series is hard coded to the value $008. See also ID bits in Table 5-8.

7 6 5 4 3 2 1 0
R ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
w
Reset 0 0 0 0 1 0 0 0
= Unimplemented or Reserved
Figure 5-8. System Device Identification Register — Low (SDIDL)
Table 5-8. SDIDL Register Field Descriptions
Field Description
7.0 Part Identification Number — Each derivative in the HCS08 family has a unique identification number. The
ID[7:0] MC9S08AWG60 Series is hard coded to the value $008. See also ID bits in Table 5-7.
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6.7.3

Chapter 6 Parallel Input/Output

Port B I/O Registers (PTBD and PTBDD)

Port B parallel I/O function is controlled by the registers listed below.

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 6-14. Port B Data Register (PTBD)
Table 6-7. 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 0s, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups disabled.
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 6-15. Data Direction for Port B (PTBDD)
Table 6-8. 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 6 Parallel Input/Output

PTDDS7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDS1 PTDDSO

w
Reset 0 0 0 0 0 0 0 0
Figure 6-28. Output Drive Strength Selection for Port D (PTDDS)
Table 6-21. PTDDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port D Bits — Each of these control bits selects between low and high

PTDDSJ[7:0] | output drive for the associated PTD pin.

0 Low output drive enabled for port D bit n.
1 High output drive enabled for port D bit n.
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Chapter 7 Central Processor Unit (S08CPUV2)

7.3 Addressing Modes

Addressing modes define the way the CPU accesses operands and data. In the HCSO08, all memory, status
and control registers, and input/output (I/O) ports share a single 64-Kbyte linear address space so a 16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructions that access variables in RAM can also be used to access I/0 and control registers or nonvolatile
program space.

Some instructions use more than one addressing mode. For instance, move instructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such as BRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify the location
of an operand for a test and then use relative addressing mode to specify the branch destination address
when the tested condition is true. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode is implied for the branch destination.

7.3.1 Inherent Addressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU
registers so the CPU does not need to access memory to get any operands.

7.3.2 Relative Addressing Mode (REL)

Relative addressing mode is used to specify the destination location for branch instructions. A signed 8-bit
offset value is located in the memory location immediately following the opcode. During execution, if the
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction is included in the object
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand,
the high-order byte is located in the next memory location after the opcode, and the low-order byte is
located in the next memory location after that.

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an address in the direct page
(0x0000-0x00FF). During execution a 16-bit address is formed by concatenating an implied 0x00 for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where
the desired operand is located. This is faster and more memory efficient than specifying a complete 16-bit
address for the operand.
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Chapter 9 Keyboard Interrupt (S08KBIV1)

9.4.1 KBI Status and Control Register (KBI1SC)
7 6 5 4 3 2 1 0
KBF 0
KBEDG7 KBEDG6 KBEDGS5 KBEDG4 KBIE KBIMOD
w KBACK
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-3. KBI Status and Control Register (KBI1SC)
Table 9-2. KBI1SC Register Field Descriptions
Field Description
7:4 Keyboard Edge Select for KBI Port Bits — Each of these read/write bits selects the polarity of the edges and/or
KBEDG([7:4] | levels that are recognized as trigger events on the corresponding KBI port pin when it is configured as a keyboard
interrupt input (KBIPEn = 1). Also see the KBIMOD control bit, which determines whether the pin is sensitive to
edges-only or edges and levels.
0 Falling edges/low levels
1 Rising edges/high levels
3 Keyboard Interrupt Flag — This read-only status flag is set whenever the selected edge event has been
KBF detected on any of the enabled KBI port pins. This flag is cleared by writing a 1 to the KBACK control bit. The
flag will remain set if KBIMOD = 1 to select edge-and-level operation and any enabled KBI port pin remains at
the asserted level.
KBF can be used as a software pollable flag (KBIE = 0) or it can generate a hardware interrupt request to the
CPU (KBIE = 1).
0 No KBI interrupt pending
1 KBl interrupt pending
2 Keyboard Interrupt Acknowledge — This write-only bit (reads always return 0) is used to clear the KBF status
KBACK flag by writing a 1 to KBACK. When KBIMOD = 1 to select edge-and-level operation and any enabled KBI port
pin remains at the asserted level, KBF is being continuously set so writing 1 to KBACK does not clear the KBF
flag.
1 Keyboard Interrupt Enable — This read/write control bit determines whether hardware interrupts are generated
KBIE when the KBF status flag equals 1. When KBIE = 0, no hardware interrupts are generated, but KBF can still be
used for software polling.
0 KBF does not generate hardware interrupts (use polling)
1 KBI hardware interrupt requested when KBF = 1
KBIMOD | Keyboard Detection Mode — This read/write control bit selects either edge-only detection or edge-and-level
detection. KBI port bits 3 through 0 can detect falling edges-only or falling edges and low levels. KBI port bits 7
through 4 can be configured to detect either:
* Rising edges-only or rising edges and high levels (KBEDGn = 1)
¢ Falling edges-only or falling edges and low levels (KBEDGn = 0)
0 Edge-only detection
1 Edge-and-level detection
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Chapter 10 Timer/PWM (S08TPMV2)

HCS08 CORE DEBUG =18
o
BrEDIS BDC cPU —
m
=
o | 85 PTB7/AD1P7-
s PTBO/AD1P0
FESET HCS08 SYSTEM CONTROL B
RESETS AND INTERRUPTS - [ l«—> PTC6
MODES OF OPERATION < »| |«—» PTC5/RxD2
SERIAL COMMUNICATIONS
RQ —»  OWERMANAGEMENT INTERFACE MODULE (SC2)|  T4pg = it
< > 5> X
o
SDAT «—>» PTC2/MCLK
RTI CcoP - .
| | | ICMODULE (IC1) | "scLg > [ PTCI/SDA1
| RQ | | VD | < »| <—> PTC0/SCL1
~_ AD1P7-AD1PO 8
Jooro . 10BIT _8, ADIP15-AD1P8
V\/S::EL ™| ANALOG-TO-DIGITAL _
VRgrH ,| CONVERTER(ADCY) —»| |« PTD7/ADIPI5KBITPT
, <€—> PTD6/AD1P14/TPM1CLK
»| |<«—> PTD5/ADIP13
USER FLASH / 2 |<«—> PTD4/AD1P12ITPM2CLK
(AWB0 = 63,280 BYTES) »| & |<«—> PTD3/AD1P11/KBI1P6
e - 5 rea BYTES) »| & |«—> PTD2/AD1P10/KBI1PS
(AW16 = 16,384 BYTES) > |<—> PTD1/AD1P9
»| |<«—>» PTD0/AD1P8
SPSCK1 —
< > <«—> PTE7/SPSCK1
~_ MOSHH _
USER RAM SERIALPERIPHERAL (< C = »| |<«—> PTEGMOSIT
ANG0/48/32 2048 BYTES INTERFACE MODULE (SPI1) | - > |<—> prESMISON
AW16 = 1024 BYTES < »| |«—> PTE4/3ST
TPM1CLK —>| W |<—3~ PTE3/TPM1CH1
y B
6-CHANNEL TIMER/PWM = PTE2TPM1CHO
MODULE (TPM1 TPM1CHS- >5[
INTERNAL CLOCK (TPM1) Q
- TPMiCHO 6 | |/
GENERATOR (ICG) <_R D1 \
] < <«—> PTE1/RxD1
————————— SERIAL COMMUNICATIONS | TxD1 . ETEO/TSD1
LOW-POWER OSCILLATOR INTERFACE MODULE (SCI1) —
— <« » PTF7
l«—>» PTF6
Voo —3 TPM2CLK [ PTF5/TPM2CH!
VOLTAGE 2-CHANNEL TIMER/PWM [€———— L | 3 PTF4TPM2CHO
Vss —» REGULATOR MODULE (TPM2) | TPM2CH1-TPM2CHO, z
2 o
KBI1P7-KBI1P5 3 N—> l<€—> PTF3/TPM1CH5
-/ N—3| | PTF2TPM1CH4
8-BIT KEYBOARD N | B;gaﬂ:gmgﬂg
INTERRUPT MODULE (KBI1) QBH P4-KBI1PO 5 —>=<_>
%IﬁL <> PTGE/EXTAL
NOTES: >| o[> PTGS/XTAL
1. Port pins are software configurable with pullup device if input port. N> = [<«—>PTG4/KBI1P4
2. Pin contains software configurable pullup/pulldown device if IRQ is enabled > O [«—>PTG3/KBI1P3
(IRQPE = 1). Pulldown is enabled if rising edge detect is selected IRQEDG =1) | ™ <—>PT825KB'1P2
3. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp. > gG;/ESHEé
4. Pin contains integrated pullup device. L
5

. Pins PTD7, PTDS, PTD2, and PTG4 contain both pullup and pulldown devices.
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(KBEDGn = 1).

Figure 10-1. Block Diagram Highlighting the TPM Module
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)
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Figure 10-2. TPM Block Diagram

The central component of the TPM is the 16-bit counter that can operate as a free-running counter, a
modulo counter, or an up-/down-counter when the TPM is configured for center-aligned PWM. The TPM
counter (when operating in normal up-counting mode) provides the timing reference for the input capture,
output compare, and edge-aligned PWM functions. The timer counter modulo registers,

TPMxMODH: TPMxMODL, control the modulo value of the counter. (The values 0x0000 or OxFFFF
effectively make the counter free running.) Software can read the counter value at any time without
affecting the counting sequence. Any write to either byte of the TPMxCNT counter resets the counter
regardless of the data value written.
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)

10.6.3 Channel Event Interrupt Description

The meaning of channel interrupts depends on the current mode of the channel (input capture, output
compare, edge-aligned PWM, or center-aligned PWM).

When a channel is configured as an input capture channel, the ELSnB:ELSnA control bits select rising
edges, falling edges, any edge, or no edge (off) as the edge that triggers an input capture event. When the
selected edge is detected, the interrupt flag is set. The flag is cleared by the 2-step sequence described in
Section 10.6.1, “Clearing Timer Interrupt Flags.”

When a channel is configured as an output compare channel, the interrupt flag is set each time the main
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the 2-step
sequence described in Section 10.6.1, “Clearing Timer Interrupt Flags.”

10.6.4 PWM End-of-Duty-Cycle Events

For channels that are configured for PWM operation, there are two possibilities:
*  When the channel is configured for edge-aligned PWM, the channel flag is set when the timer
counter matches the channel value register that marks the end of the active duty cycle period.

*  When the channel is configured for center-aligned PWM, the timer count matches the channel
value register twice during each PWM cycle. In this CPWM case, the channel flag is set at the start
and at the end of the active duty cycle, which are the times when the timer counter matches the
channel value register.

The flag is cleared by the 2-step sequence described in Section 10.6.1, “Clearing Timer Interrupt Flags.”
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Chapter 12 Serial Peripheral Interface (S08SPIV3)

Table 12-3. SPI1C2 Register Field Descriptions

Field Description
4 Master Mode-Fault Function Enable — When the SPI is configured for slave mode, this bit has no meaning or
MODFEN | effect. (The SS pin is the slave select input.) In master mode, this bit determines how the SS pin is used (refer
to Table 12-2 for more details). o
0 Mode fault function disabled, master SS pin reverts to general-purpose I/O not controlled by SPI
1 Mode fault function enabled, master SS pin acts as the mode fault input or the slave select output
3 Bidirectional Mode Output Enable — When bidirectional mode is enabled by SPI pin control 0 (SPCO0) =1,
BIDIROE | BIDIROE determines whether the SPI data output driver is enabled to the single bidirectional SPI I/O pin.
Depending on whether the SPI is configured as a master or a slave, it uses either the MOSI (MOMI) or MISO
(SISO) pin, respectively, as the single SPI data I/0 pin. When SPCO = 0, BIDIROE has no meaning or effect.
0 Output driver disabled so SPI data I/O pin acts as an input
1 SPI I/O pin enabled as an output
1 SPI Stop in Wait Mode
SPISWAI [0 SPI clocks continue to operate in wait mode
1 SPI clocks stop when the MCU enters wait mode
0 SPI Pin Control 0 — The SPCO bit chooses single-wire bidirectional mode. If MSTR = 0 (slave mode), the SPI
SPCO uses the MISO (SISO) pin for bidirectional SPI data transfers. If MSTR = 1 (master mode), the SPI uses the

MOSI (MOMI) pin for bidirectional SPI data transfers. When SPCO = 1, BIDIROE is used to enable or disable the
output driver for the single bidirectional SPI I/O pin.

0 SPI uses separate pins for data input and data output

1 SPI configured for single-wire bidirectional operation

12.3.3 SPI Baud Rate Register (SPI1BR)

This register is used to set the prescaler and bit rate divisor for an SPI master. This register may be read or
written at any time.

6 5 4 2 1 0
R 0 0
SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 12-7. SPI Baud Rate Register (SPI1BR)
Table 12-4. SPI1BR Register Field Descriptions
Field Description
6:4 SPI Baud Rate Prescale Divisor — This 3-bit field selects one of eight divisors for the SPI baud rate prescaler
SPPR[2:0] |as shown in Table 12-5. The input to this prescaler is the bus rate clock (BUSCLK). The output of this prescaler
drives the input of the SPI baud rate divider (see Figure 12-4).
2.0 SPI Baud Rate Divisor — This 3-bit field selects one of eight divisors for the SPI baud rate divider as shown in
SPR[2:0] | Table 12-6. The input to this divider comes from the SPI baud rate prescaler (see Figure 12-4). The output of this

divider is the SPI bit rate clock for master mode.
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Chapter 12 Serial Peripheral Interface (S08SPIV3)

pin from a master and the MISO waveform applies to the MISO output from a slave. The SS OUT
waveform applies to the slave select output from a master (provided MODFEN and SSOE = 1). The master
SS output goes to active low one-half SPSCK cycle before the start of the transfer and goes back high at
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
slave.

BIT TIME #
(REFERENCE) !

NN
A

SPSCK [\
(CPOL = 0)

YA S\ S U B
o | A WA WA WA WA W
| |
)

SAMPLE IN
(MISO OR MOSI)

.
"R G G G G G G
(MASTER OUT) ; / /
MSB FIRST BIT7 BIT6 BIT 2 BIT 1 BITO
LSB FIRST BITO BIT 1 BIT5 BIT6 BIT7
- ¢ -
- X X X X XX ‘
(SLAVEOUT) = = — %, ) b -
- - - S) R 4
SSoUT \ /|
(MASTER) \ o 7/
J)
SSIN N /
(SLAVE) l\___\ (¢ }_ -

)
Figure 12-10. SPI Clock Formats (CPHA = 1)

When CPHA = 1, the slave begins to drive its MISO output when SS goes to active low, but the data is not
defined until the first SPSCK edge. The first SPSCK edge shifts the first bit of data from the shifter onto
the MOSI output of the master and the MISO output of the slave. The next SPSCK edge causes both the
master and the slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the
third SPSCK edge, the SPI shifter shifts one bit position which shifts in the bit value that was just sampled,
and shifts the second data bit value out the other end of the shifter to the MOSI and MISO outputs of the
master and slave, respectively. When CHPA = 1, the slave’s SS input is not required to go to its inactive
high level between transfers.

Figure 12-11 shows the clock formats when CPHA = 0. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting as the slave is selected (SS IN goes low), and bit 8 ends at the last
SPSCK edge. The MSB first and LSB first lines show the order of SPI data bits depending on the setting
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Chapter 13 Inter-Integrated Circuit (S08IICV1)

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address
assignments for all IIC registers. This section refers to registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

13.3.1 lIC Address Register (IIC1A)

7 6 5 4 3 2 1 0
R 0
ADDR
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 13-3. lIC Address Register (IIC1A)
Table 13-1. lIC1A Register Field Descriptions
Field Description
71 IIC Address Register — The ADDR contains the specific slave address to be used by the 1IC module. This is
ADDR][7:1] |the address the module will respond to when addressed as a slave.

13.3.2 |lIC Frequency Divider Register (IIC1F)

7 6 5 4 3 2 1 0
R
MULT ICR
W
Reset 0 0 0 0 0 0 0 0

Figure 13-4. lIC Frequency Divider Register (IIC1F)
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Chapter 14 Analog-to-Digital Converter (SO8ADC10V1)

Table 14-8. Input Clock Select

ADICLK Selected Clock Source
00 Bus clock
01 Bus clock divided by 2
10 Alternate clock (ALTCLK)
11 Asynchronous clock (ADACK)

14.4.8 Pin Control 1 Register (APCTL1)

The pin control registers are used to disable the I/O port control of MCU pins used as analog inputs.
APCTLI is used to control the pins associated with channels 0-7 of the ADC module.

7

6

5

4

3

2

1

R
ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
w
Reset: 0 0 0 0 0 0 0

Figure 14-11. Pin Control 1 Register (APCTL1)

Table 14-9. APCTL1 Register Field Descriptions

Field Description

7 ADC Pin Control 7 — ADPC?7 is used to control the pin associated with channel AD7.
ADPC7 0 AD7 pin I/O control enabled
1 AD?7 pin I/O control disabled

6 ADC Pin Control 6 — ADPCS6 is used to control the pin associated with channel AD6.
ADPC6 0 ADS pin I/O control enabled
1 ADSG6 pin I/O control disabled

5 ADC Pin Control 5 — ADPCS5 is used to control the pin associated with channel AD5.
ADPC5 0 ADS5 pin I/O control enabled
1 ADS5 pin I/O control disabled

4 ADC Pin Control 4 — ADPC4 is used to control the pin associated with channel AD4.
ADPC4 0 AD4 pin I/O control enabled
1 AD4 pin I/O control disabled

3 ADC Pin Control 3 — ADPC3 is used to control the pin associated with channel AD3.
ADPC3 0 ADS3 pin I/O control enabled
1 ADS pin I/O control disabled

2 ADC Pin Control 2 — ADPC2 is used to control the pin associated with channel AD2.
ADPC2 0 AD2 pin I/O control enabled
1 AD2 pin I/O control disabled
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Chapter 14 Analog-to-Digital Converter (S0O8ADC10V1)

In cases where separate power supplies are used for analog and digital power, the ground connection
between these supplies must be at the Vggap pin. This should be the only ground connection between these
supplies if possible. The Vggap pin makes a good single point ground location.

14.7.1.2 Analog Reference Pins

In addition to the analog supplies, the ADC module has connections for two reference voltage inputs. The
high reference is Vggpy, which may be shared on the same pin as Vppap on some devices. The low
reference is Vgygpr, which may be shared on the same pin as Vggap on some devices.

When available on a separate pin, Vgxgry may be connected to the same potential as Vppap, or may be
driven by an external source that is between the minimum Vppap spec and the Vppap potential (Vgrgry
must never exceed Vppap). When available on a separate pin, Vgggr, must be connected to the same
voltage potential as Vggap. Both Vygpy and Vigp, must be routed carefully for maximum noise
immunity and bypass capacitors placed as near as possible to the package.

AC current in the form of current spikes required to supply charge to the capacitor array at each successive
approximation step is drawn through the Vgggpy and Vyggr loop. The best external component to meet this
current demand is a 0.1 uF capacitor with good high frequency characteristics. This capacitor is connected
between Vigpy and Vigpr, and must be placed as near as possible to the package pins. Resistance in the
path is not recommended because the current will cause a voltage drop which could result in conversion

errors. Inductance in this path must be minimum (parasitic only).

14.7.1.3 Analog Input Pins

The external analog inputs are typically shared with digital I/O pins on MCU devices. The pin I/O control
is disabled by setting the appropriate control bit in one of the pin control registers. Conversions can be
performed on inputs without the associated pin control register bit set. It is recommended that the pin
control register bit always be set when using a pin as an analog input. This avoids problems with contention
because the output buffer will be in its high impedance state and the pullup is disabled. Also, the input
buffer draws dc current when its input is not at either Vpp or Vgg. Setting the pin control register bits for
all pins used as analog inputs should be done to achieve lowest operating current.

Empirical data shows that capacitors on the analog inputs improve performance in the presence of noise
or when the source impedance is high. Use of 0.01 uF capacitors with good high-frequency characteristics
is sufficient. These capacitors are not necessary in all cases, but when used they must be placed as near as
possible to the package pins and be referenced to Vgga.

For proper conversion, the input voltage must fall between Vgyggy and Vgggp . If the input is equal to or
exceeds VRrgpy, the converter circuit converts the signal to $3FF (full scale 10-bit representation) or $FF
(full scale 8-bit representation). If the input is equal to or less than Vggpy , the converter circuit converts it
to $000. Input voltages between Vrgpy and Vggpy are straight-line linear conversions. There will be a
brief current associated with Vgggrr when the sampling capacitor is charging. The input is sampled for
3.5 cycles of the ADCK source when ADLSMP is low, or 23.5 cycles when ADLSMP is high.

For minimal loss of accuracy due to current injection, pins adjacent to the analog input pins should not be
transitioning during conversions.
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Appendix A Electrical Characteristics and Timing Specifications

The conducted susceptibility is determined by injecting the transient susceptibility signal on each pin of
the microcontroller. The transient waveform and injection methodology is based on IEC 61000-4-4
(EFT/B). The transient voltage required to cause performance degradation on any pin in the tested
configuration is greater than or equal to the reported levels unless otherwise indicated by footnotes below

the table.

Table A-18. Conducted Susceptibility

5 1
Parameter Symbol Conditions fosc/fBus Result Am([l)vlllit:)de Unit
T0
A +2.0°
Vpp = 5.5V
Conducted susceptibility, electrical Vv T o 32768 Hz B +2.5 KV
fast transient/burst (EFT/B) CS_EFT a=+25°C crystal c +3.0
package type 2 MHz Bus e
64 QFP
D >+3.0

T Data based on qualification test results. Not tested in production.
2 The RESET pin is susceptible to the minimum applied transient of 220 V. All other pins have a result of A up to a minimum of

2000V.

The susceptibility performance classification is described in Table A-19.

Table A-19. 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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Appendix B
Ordering Information and Mechanical Drawings

B.1  Ordering Information
This section contains ordering numbers for MCISO8AW60 Series devices. See below for an example of

the device numbering system.

Table B-1. Consumer and Industrial Device Numbering System

Memory Available Packages?
Device Number!
FLASH RAM Type
MC9S08AWG60 63,280 64-pin LQFP
MC9S08AW48 49,152 2048 64-pin QFP
MC9S08AW32 32,768 48-pin QFN
MC9S08AW16 16,384 1024 44-pin LQFP

1 See Table 1-1 for a complete description of modules included on each device.
2 See Table B-3 for package information.

Table B-2. Automotive Device Numbering System

Memory Available Packages?
Device Number'
FLASH RAM Type

S9S08AW60 63,280 64-pin LQFP
S9S08AW48 49,152 2048 48-pin QFN
S9S08AW32 32,768 44-pin LQFP

48-pin QFN
S9S08AW16 16,384 1024 44-pin LQFP

1 See Table 1-1 for a complete description of modules included on each device.
2 See Table B-3 for package information.
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