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Chapter 1 Introduction

— The output of the digitally-controlled oscillator (DCO) in the frequency-locked loop
sub-module

— Control bits inside the ICG determine which source is connected.

FFE is a control signal generated inside the ICG. If the frequency of ICGOUT > 4 X the frequency
of ICGERCLLK, this signal is a logic 1 and the fixed-frequency clock will be ICGERCLK/2.
Otherwise the fixed-frequency clock will be BUSCLK.

ICGLCLK — Development tools can select this internal self-clocked source (~ 8 MHz) to speed
up BDC communications in systems where the bus clock is slow.

ICGERCLK — External reference clock can be selected as the real-time interrupt clock source.
Can also be used as the ALTCLK input to the ADC module.
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Chapter 2 Pins and Connections

2.2

Device Pin Assighnment
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Figure 2-1. MC9S08AWG60 Series in 64-Pin QFP/LQFP Package
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Chapter 3 Modes of Operation

After entering active background mode, the CPU is held in a suspended state waiting for serial background
commands rather than executing instructions from the user’s application program.

Background commands are of two types:

* Non-intrusive commands, defined as commands that can be issued while the user program is
running. Non-intrusive commands can be issued through the BKGD pin while the MCU is in run
mode; non-intrusive commands can also be executed when the MCU is in the active background
mode. Non-intrusive commands include:

— Memory access commands

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

— The BACKGROUND command

* Active background commands, which can only be executed while the MCU is in active background
mode. Active background commands include commands to:

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

The active background mode is used to program a bootloader or user application program into the FLASH
program memory before the MCU is operated in run mode for the first time. When the MC9S08 AW 60
Series is shipped from the Freescale Semiconductor factory, the FLASH program memory is erased by
default unless specifically noted so there is no program that could be executed in run mode until the
FLASH memory is initially programmed. The active background mode can also be used to erase and
reprogram the FLASH memory after it has been previously programmed.

For additional information about the active background mode, refer to Chapter 15, “Development
Support.”

3.5 Wait Mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT instruction, the CPU
enters a low-power state in which it is not clocked. The I bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

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

3.6 Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when the STOPE bit in the system
option register is set. In both stop modes, all internal clocks are halted. If the STOPE bit is not set when
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Chapter 7 Central Processor Unit (S08CPUV2)

7.4.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEI, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGND opcode. When the program reaches this breakpoint address, the CPU is forced to active background
mode rather than continuing the user program.
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Chapter 7 Central Processor Unit (S0O8CPUV2)

IX 16-bit indexed no offset
IX+ 16-bit indexed no offset, post increment (CBEQ and MOV only)
X1 16-bit indexed with 8-bit offset from H:X
X1+ 16-bit indexed with 8-bit offset, post increment
(CBEQ only)
IX2 16-bit indexed with 16-bit offset from H:X
REL 8-bit relative offset
SP1 Stack pointer with 8-bit offset
SP2 Stack pointer with 16-bit offset
Table 7-2. HCSO08 Instruction Set Summary (Sheet 1 of 7)
Effect "o
[7)] T (]
Source on CCR 23 3 g | ¢S
Operation Description =8 2 = >
Form 3= 8 g | ©
VIH|I|N|Z|Cc| & o |& | @
m
ADC #opr8i IMM A9|ii 2
ADC opr8a DIR B9 |dd 3
ADC opri6a EXT C9|hh 1 4
AD 16,X : PN IX2 D ff 4
A< gg;;af’;’( Add with Carry A< (A)+ (M) +(C) o O B I S e ool5e i
ADC X IX F9 3
ADC oprx16,SP SP2 9ED9 |ee ff 5
ADC oprx8,SP SP1 9EEQ|ff 4
ADD #opr8i IMM AB i 2
ADD opr8a DIR BB |dd 3
ADD opri6a EXT CB|hh I 4
ADD oprx16,X : N N IX2 DB|ee ff 4
ADD opr8X Add without Carry A« (A) + (M) O (ORISR IOl X1 EB|f 3
ADD X IX FB 3
ADD oprx16,SP SP2 9EDB |ee ff 5
ADD oprx8,SP SP1 9EEB |ff 4
; Add Immediate Value SP « (SP) + (M) N - .
AIS #opr8i (Signed) to Stack Pointer | M is sign extended to a 16-bit value IMM A7lii 2
Add Immediate Value
: p H:X « (H:X) + (M) o2 -
AIX #opr6i %Ség?;gz Eﬁ_l)rg;jex M is sign extended to a 16-bit value IMM AF i 2
AND #opr8i IMM Adlii 2
AND opr8a DIR B4|dd 3
AND opri6a EXT C4(hh I 4
AND oprx16,X ; IX2 D4|ee ff 4
AND Opr8,X Loglcal AND A« (A) & (M) of(-|- i i ~1IX1 E4|ff 3
AND X IX F4 3
AND oprx16,SP SP2 9EDA4 [ee ff 5
AND oprx8,SP SP1 9EE4 (ff 4
ASL opr8a DIR 38|dd 5
ASLA INH 48 1
ASLX Arithmetic Shift Left o P S IS INH 58 1
ASL oprx8,X (Same as LSL) Cle{ I TTTTTT}le0 v X1 68 ff 5
ASL X b7 b0 IX 78 4
ASL oprx8,SP SP1 9E68 | ff 6
ASR opr8a DIR 37|dd 5
ASRA EE— INH 47 1
ASRX i otio Shift B lr-m |y INH 57 1
ASR oprx8,X Arithmetic Shift Right - " Tl=1-1213]¢ X1 67| 5
ASR X IX 77 4
ASR oprx8,SP SP1 9E67 |ff 6
BCC rel Branch if Carry Bit Clear Branch if (C) =0 —-|--|-|-|-[REL 24(rr 3
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Chapter 8 Internal Clock Generator (S08ICGV4)

8.4.11 Fixed Frequency Clock

The ICG provides a fixed frequency clock output, XCLK, for use by on-chip peripherals. This output is
equal to the internal bus clock, BUSCLK, in all modes except FEE. In FEE mode, XCLK is equal to
ICGERCLK =+ 2 when the following conditions are met:

e (PXN)+R >4 where P is determined by RANGE (see Table 8-11), N and R are determined by
MFD and RFD respectively (see Table 8-12).

« LOCK-=1.
If the above conditions are not true, then XCLK is equal to BUSCLK.

When the ICG is in either FEI or SCM mode, XCLK is turned off. Any peripherals which can use XCLK
as a clock source must not do so when the ICG is in FEI or SCM mode.

8.4.12 High Gain Oscillator

The oscillator has the option of running in a high gain oscillator (HGO) mode, which improves the
oscillator's resistance to EMC noise when running in FBE or FEE modes. This option is selected by writing
a 1 to the HGO bit in the ICGC1 register. HGO is used with both the high and low range oscillators but is
only valid when REFS = 1 in the ICGCI1 register. When HGO = 0, the standard low-power oscillator is
selected. This bit is writable only once after any reset.

8.5 Initialization/Application Information

8.5.1 Introduction

The section is intended to give some basic direction on which configuration a user would want to select
when initializing the ICG. For some applications, the serial communication link may dictate the accuracy
of the clock reference. For other applications, lowest power consumption may be the chief clock
consideration. Still others may have lowest cost as the primary goal. The ICG allows great flexibility in
choosing which is best for any application.
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Chapter 8 Internal Clock Generator (S08ICGV4)

Table 8-10. ICG Configuration Consideration

Clock Reference Source = Internal

Clock Reference Source = External

FEI
4 MHz < fg g < 20 MHz.

Medium power (will be less than FEE if oscillator

FEE
4 MHz < fg,g < 20 MHz

Medium power (will be less than FEI if oscillator

Medium power
Poor accuracy.

FLL range = high) range = low)
Engaged Good clock accuracy (After IRG is trimmed) High clock accuracy
Lowest system cost (no external components Medium/High system cost (crystal, resonator or
required) external clock source required)
IRG is on. DCO is on. IRG is off. DCO is on.
SCM FBE
This mode is mainly provided for quick and reliable | fg  range <8 MHz when crystal or resonator is
system startup. used.
FLL 3 MHz < fBUS <5 MHz (default) Lowest power
Bypassed 3 MHz < fg ;g < 20 MHz (via filter bits). Highest clock accuracy

IRG is off. DCO is on and open loop.

Medium/High system cost (Crystal, resonator or
external clock source required)
IRG is off. DCO is off.

' The IRG typically consumes 100 pA. The FLL and DCO typically consumes 0.5 to 2.5 mA, depending upon output frequency.
For minimum power consumption and minimum jitter, choose N and R to be as small as possible.

The following sections contain initialization examples for various configurations.

NOTE

Hexadecimal values designated by a preceding $, binary values designated
by a preceding %, and decimal values have no preceding character.

Important configuration information is repeated here for reference.

Table 8-11. ICGOUT Frequency Calculation Options

Clock Scheme ficaout’ P Note
SCM — self-clocked mode (FLL bypassed ficapcLk / R NA Typical ficgout = 8 MHz
internal) immediately after reset
FBE — FLL bypassed external foxt /R NA
FEI — FLL engaged internal (flrg/7)*64*N/R 64 Typical figg = 243 kHz
FEE — FLL engaged external faxt “P*N/R Range =0; P =64

Range =1;P =1

! Ensure that ficgpcLk, Which is equal to ficgouT * R, does not exceed ficgpoLkmax:

Table 8-12. MFD and RFD Decode Table

MFD Value Multiplication Factor (N)
000 4
001 6
010 8
011 10
100 12

RFD Division Factor (R)
000 +1

001 +2

010 +4

011 =8

100 +16
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A
Chapter 8 Internal Clock Generator (S08ICGV4)
Bits 11:0 FLT No need for user initialization
ICGTRM = $xx

Bits 7:0 TRIM Only need to write when trimming internal oscillator; not used when external
crystal is clock source

Figure 8-14 shows flow charts for three conditions requiring ICG initialization.
( RESET ) QUICK RECOVERY FROM STOP MINIMUM CURRENT DRAW IN STOP
RECOVERY FROM STOP
OSCSTEN =0

RECOVERY FROM STOP
 / OSCSTEN =1

INITIALIZE ICG
ICGC1 = $38
ICGC2 = $00 CHECK CHECK
< FLL LOCK STATUS. FLL LOCK STATUS.
v LOCK = 12 LOCK = 12
CHECK ‘o
FLL LOCK STATUS. S>3l
Lock =17 CONTINUE CONTINUE
YES

Y

( CONTINUE
NOTE: THIS WILL REQUIRE THE OSCILLATOR TO START AND

STABILIZE. ACTUAL TIME IS DEPENDENT ON CRYSTAL /RESONATOR
AND EXTERNAL CIRCUITRY.

Figure 8-14. ICG Initialization for FEE in Example #1
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Chapter 8 Internal Clock Generator (S08ICGV4)

( RESET )

\

INITIALIZE ICG
ICGC1 = §7A
ICGC2 = $30

CHECK
FLL LOCK STATUS
LOCK =17

CONTINUE

RECOVERY
FROM STOP

Y

SERVICE INTERRUPT
SOURCE (fgys = 4 MHz)

CHECK
FLL LOCK STATUS
LOCK=1?

CONTINUE

Figure 8-15. ICG Initialization and Stop Recovery for Example #2
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Chapter 8 Internal Clock Generator (S08ICGV4)

ICGTRM = $xx

Bit 7.0 TRIM Only need to write when trimming internal oscillator; done in separate
operation (see example #4)

RECOVERY
RESET FROM STOP

Y 3

INITIALIZE ICG
ICGC1 = $28 CHECK NO
ICGC2 = $31 FLL LOCK STATUS.

LOCK =1?

YES
A

( CONTINUE

LOCK =17
NOTE: THIS WILL REQUIRE THE INTERAL REFERENCE CLOCK TO START AND

CONTINUE
STABILIZE.

Figure 8-16. ICG Initialization and Stop Recovery for Example #3

CHECK
FLL LOCK STATUS.
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)

10.5.3 Center-Aligned PWM Mode

This type of PWM output uses the up-/down-counting mode of the timer counter (CPWMS = 1). The
output compare value in TPMxCnVH:TPMxCnVL determines the pulse width (duty cycle) of the PWM
signal and the period is determined by the value in TPMxMODH:TPMxMODL.

TPMxMODH: TPMxMODL should be kept in the range of 0x0001 to Ox7FFF because values outside this
range can produce ambiguous results. ELSnA will determine the polarity of the CPWM output.

pulse width = 2 x (TPMxCnVH:TPMxCnVL) Eqn. 10-1

period = 2 x (TPMxMODH:TPMxMODL);
for TPMxMODH:TPMxMODL = 0x0001-0x7FFF Eqn. 10-2

If the channel value register TPMxCnVH:TPMxCnVL is zero or negative (bit 15 set), the duty cycle will
be 0%. If TPMxCnVH:TPMxCnVL is a positive value (bit 15 clear) and is greater than the (nonzero)
modulus setting, the duty cycle will be 100% because the duty cycle compare will never occur. This
implies the usable range of periods set by the modulus register is 0x0001 through Ox7FFE (0x7FFF if
generation of 100% duty cycle is not necessary). This is not a significant limitation because the resulting
period is much longer than required for normal applications.

TPMxMODH: TPMxMODL = 0x0000 is a special case that should not be used with center-aligned PWM
mode. When CPWMS = 0, this case corresponds to the counter running free from 0x0000 through
O0xFFFF, but when CPWMS = 1 the counter needs a valid match to the modulus register somewhere other
than at 0x0000 in order to change directions from up-counting to down-counting.

Figure 10-12 shows the output compare value in the TPM channel registers (multiplied by 2), which
determines the pulse width (duty cycle) of the CPWM signal. If ELSnA = 0, the compare match while
counting up forces the CPWM output signal low and a compare match while counting down forces the
output high. The counter counts up until it reaches the modulo setting in TPMxMODH:TPMxMODL, then
counts down until it reaches zero. This sets the period equal to two times TPMxMODH: TPMxMODL.

COUNT=0
OUTPUT OUTPUT
COUNT = MPARE COUNT =
TPMXMODH:TPMx  ((SOMPARE CoUNTUR)  TPMXMODH-TPMx

Y Y l

TPM1C | |

< PULSE WIDTH >
2 X
< PERIOD >
2 X

Figure 10-12. CPWM Period and Pulse Width (ELSnA = 0)

Center-aligned PWM outputs typically produce less noise than edge-aligned PWMs because fewer I/O pin
transitions are lined up at the same system clock edge. This type of PWM is also required for some types
of motor drives.

Because the HCSOS is a family of 8-bit MCUs, the settings in 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, TPMxCnVH, and TPMxCnVL, actually write to buffer registers. Values are

MC9S08AWG60 Data Sheet, Rev 2
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Chapter 11 Serial Communications Interface (S08SCIV2)

HCS08 CORE DEBUG =8
o
BrEDIS BDC cPU —
m
IF | 85 PTB7/ADIP7-
s PTBO/AD1P0
fEsET HCS08 SYSTEM CONTROL
> _
RESETS AND INTERRUPTS RxD2 l«—> PTC6
IRQ —» POWERMANAGENENT INTERFACE MODULE (SCI2) el
< 1XD2 »-| I [« PTC3/TXD2
& l«—> PTC2/MCLK
SDA1
RTI COP - .
| | | ICMODULE (IC1) | "scLg >| [ PTC1/SDA1
| RQ | | VD | < »| |<—> PTC0/SCL1
~_ AD1P7-AD1P0 8
oo . 10-BIT _8, ADIP15-AD1P8
V\/S:::L ™| ANALOG-TO-DIGITAL -
VRgrH ,| CONVERTER(ADCY) —— »| |« PTD7/ADIP15/KBI1P7
<—> PTD6/AD1P14/TPM1CLK
»| |<«—» PTD5/ADIP13
USER FLASH © | «—» PTD4/AD1P12/TPM2CLK
(AW60 = 63,280 BYTES) »! 55 |<«—> PTD3/AD1P11/KBI1P6
EﬁWﬁS =708 EQE?% > T |«—> PTD2/AD1P10/KBI1P5
(AW16 = 16,384 BYTES) »| |[<—> PTD1/AD1P9
»| |<«—» PTDO/AD1P8
< ;ZSS?:“ > J«—> PTE7/SPSCK1
USER RAM SERIALPERIPHERAL 1< »| |<«—> PTEEMOSIH
ANG0/48/32 = 2048 BYTES INTERFACE MODULE (SPI1) ¢ = > [« prESmisor
AW16 = 1024 BYTES < »| |«—> PTE4/5ST
TPM1CLK —>| w |«—> PTE3TPMICHT
B-CHANNEL TIMERPWH  [<_ "~ = STESTELCHO
INTERNAL CLOCK » MODULE (TPM1) _TPMICHO 6 4
GENERATOR (ICG) - “ RaD1 O TERYOT
| | X
————————— SERIAL COMMUNICATIONS 4x01 > | PTEOTIDI
LOW-POWER OSCILLATOR INTERFACE MODULE (SCI1)
— < PTF7
~«—> PTF6
Vop — TPM2CLK , | <> PTF5/TPM2CH!
VOLTAGE 2-CHANNEL TIMER/PWM o |[<—> PTF4/TPM2CHO
Vss —] REGULATOR MODULE (TPM2) ~TPM2CH1-TPM2CHO %:
o 2 ot
3 — | |<«—> PTF3TPM1CH5
S KBI1P7-KBI{P5 3 , EEQEEM 1 gn "
- — —> 1 1CH3
INTERRUPT MODULE (KBH) | kg11P4—KBI1P0 5 | PTROTPMICH?
%IﬁL <> PTGE/EXTAL
> >
NOTES: - 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) | > [ > PIG2KBIP2
3. IRQ does not have a clamp diode to Vpp. IRQ should not be driven above Vpp. > gg;ﬁﬁgngé
4. Pin contains integrated pullup device. L
5

. Pins PTD7, PTDS, PTD2, and PTG4 contain both pullup and pulldown devices.
Pulldown enabled when KBI is enabled (KBIPEn = 1) and rising edge is selected
(KBEDGn = 1).

Figure 11-1. Block Diagram Highlighting the SCI Modules

MC9S08AW60 Data Sheet, Rev 2

182 Freescale Semiconductor



Chapter 13 Inter-Integrated Circuit (S08IICV1)

Table 13-2. IIC1A Register Field Descriptions

Field Description
7:6 IIC Multiplier Factor — The MULT bits define the multiplier factor mul. This factor is used along with the SCL
MULT divider to generate the IIC baud rate. The multiplier factor mul as defined by the MULT bits is provided below.
00 mul =01
01 mul =02
10 mul = 04
11 Reserved
5:0 lIC Clock Rate — The ICR bits are used to prescale the bus clock for bit rate selection. These bits are used to
ICR define the SCL divider and the SDA hold value. The SCL divider multiplied by the value provided by the MULT

register (multiplier factor mul) is used to generate IIC baud rate.

IIC baud rate = bus speed (Hz)/(mul * SCL divider)
SDA hold time is the delay from the falling edge of the SCL (lIC clock) to the changing of SDA (lIC data). The
ICR is used to determine the SDA hold value.

SDA hold time = bus period (s) * SDA hold value
Table 13-3 provides the SCL divider and SDA hold values for corresponding values of the ICR. These values can
be used to set IIC baud rate and SDA hold time. For example:

Bus speed = 8 MHz

MULT is set to 01 (mul = 2)

Desired IIC baud rate = 100 kbps

IIC baud rate = bus speed (Hz)/(mul * SCL divider)

100000 = 8000000/(2*SCL divider)

SCL divider = 40
Table 13-3 shows that ICR must be set to 0B to provide an SCL divider of 40 and that this will result in an SDA
hold value of 9.

SDA hold time = bus period (s) * SDA hold value

SDA hold time = 1/8000000 * 9 = 1.125 us

If the generated SDA hold value is not acceptable, the MULT bits can be used to change the ICR. This will result
in a different SDA hold value.
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Chapter 13 Inter-Integrated Circuit (S08IICV1)

13.4.1.1 START Signal

When the bus is free; i.e., no master device is engaging the bus (both SCL and SDA lines are at logical
high), a master may initiate communication by sending a START signal. As shown in Figure 13-8, a
START signal is defined as a high-to-low transition of SDA while SCL is high. This signal denotes the
beginning of a new data transfer (each data transfer may contain several bytes of data) and brings all slaves
out of their idle states.

13.4.1.2 Slave Address Transmission

The first byte of data transferred immediately after the START signal is the slave address transmitted by
the master. This is a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the slave.

Only the slave with a calling address that matches the one transmitted by the master will respond by
sending back an acknowledge bit. This is done by pulling the SDA low at the 9th clock (see Figure 13-8).

No two slaves in the system may have the same address. If the IIC module is the master, it must not transmit
an address that is equal to its own slave address. The IIC cannot be master and slave at the same time.
However, if arbitration is lost during an address cycle, the IIC will revert to slave mode and operate
correctly even if it is being addressed by another master.

13.4.1.3 Data Transfer

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

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

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown in Figure 13-8. There is one clock pulse on SCL for each data bit, the MSB being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledge is signalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the 9th bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

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

In either case, the data transfer is aborted and the master does one of two things:
» Relinquishes the bus by generating a STOP signal.
* Commences a new calling by generating a repeated START signal.
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Chapter 14 Analog-to-Digital Converter (SO8ADC10V1)

14.3.1 Analog Power (Vppap)

The ADC analog portion uses Vppap as its power connection. In some packages, Vppap 1S connected
internally to Vpp. If externally available, connect the Vppap pin to the same voltage potential as Vpp.
External filtering may be necessary to ensure clean Vppap for good results.

14.3.2 Analog Ground (Vggap)

The ADC analog portion uses Vggap as its ground connection. In some packages, Vggap 1s connected
internally to Vgg. If externally available, connect the Vggap pin to the same voltage potential as Vgg.

14.3.3 Voltage Reference High (VRgrn)

VREegn 1s the high reference voltage for the converter. In some packages, Vgrgpy 18 connected internally to
Vppap- If externally available, Vpgry 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)-

14.3.4 Voltage Reference Low (VRgrL)

VREgL 18 the low reference voltage for the converter. In some packages, Vyggr 1s connected internally to
Vgsap- If externally available, connect the Vggpy, pin to the same voltage potential as Vggap.

14.3.5 Analog Channel Inputs (ADx)

The ADC module supports up to 28 separate analog inputs. An input is selected for conversion through the
ADCH channel select bits.

14.4 Register Definition
These memory mapped registers control and monitor operation of the ADC:

* Status and control register, ADC1SC1

e Status and control register, ADC1SC2

* Data result registers, ADCIRH and ADC1RL

* Compare value registers, ADCICVH and ADC1CVL
* Configuration register, ADC1CFG

* Pin enable registers, APCTL1, APCTL2, APCTL3

14.4.1 Status and Control Register 1 (ADC1SC1)

This section describes the function of the ADC status and control register (ADC1SC1). Writing ADC1SCl1
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to a value other
than all 1s).
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Chapter 14 Analog-to-Digital Converter (S0O8ADC10V1)

Table 14-9. APCTL1 Register Field Descriptions (continued)

Field Description

1 ADC Pin Control 1 — ADPC1 is used to control the pin associated with channel AD1.
ADPC1 0 AD1 pin I/O control enabled
1 AD1 pin I/O control disabled

0 ADC Pin Control 0 — ADPCO is used to control the pin associated with channel ADO.
ADPCO [0 ADO pin I/O control enabled
1 ADO pin I/O control disabled

14.4.9 Pin Control 2 Register (APCTL2)

APCTL2 is used to control channels 8-15 of the ADC module.

R
ADPC15 | ADPC14 | ADPC13 | ADPC12 ADPC11 ADPC10 ADPC9 ADPC8
w
Reset: 0 0 0 0 0 0 0 0

Figure 14-12. Pin Control 2 Register (APCTL2)

Table 14-10. APCTL2 Register Field Descriptions

Field Description

7 ADC Pin Control 15 — ADPC15 is used to control the pin associated with channel AD15.
ADPC15 |0 AD15 pin I/O control enabled
1 AD15 pin I/O control disabled

6 ADC Pin Control 14 — ADPC14 is used to control the pin associated with channel AD14.
ADPC14 [0 AD14 pin I/O control enabled
1 AD14 pin I/O control disabled

5 ADC Pin Control 13 — ADPC13 is used to control the pin associated with channel AD13.
ADPC13 |0 AD13 pin I/O control enabled
1 AD13 pin I/O control disabled

4 ADC Pin Control 12 — ADPC12 is used to control the pin associated with channel AD12.
ADPC12 |0 AD12 pin I/O control enabled
1 AD12 pin I/O control disabled

3 ADC Pin Control 11 — ADPC11 is used to control the pin associated with channel AD11.
ADPC11 [0 AD11 pin I/O control enabled
1 AD11 pin I/O control disabled

2 ADC Pin Control 10 — ADPC10 is used to control the pin associated with channel AD10.
ADPC10 |0 AD10 pin I/O control enabled
1 AD10 pin I/O control disabled

MC9S08AWG60 Data Sheet, Rev 2
246 Freescale Semiconductor




Chapter 15 Development Support

15.4.3.5 Debug FIFO High Register (DBGFH)

This register provides read-only access to the high-order eight bits of the FIFO. Writes to this register have
no meaning or effect. In the event-only trigger modes, the FIFO only stores data into the low-order byte of
each FIFO word, so this register is not used and will read 0x00.

Reading DBGFH does not cause the FIFO to shift to the next word. When reading 16-bit words out of the
FIFO, read DBGFH before reading DBGFL because reading DBGFL causes the FIFO to advance to the
next word of information.

15.4.3.6 Debug FIFO Low Register (DBGFL)

This register provides read-only access to the low-order eight bits of the FIFO. Writes to this register have
no meaning or effect.

Reading DBGFL causes the FIFO to shift to the next available word of information. When the debug
module is operating in event-only modes, only 8-bit data is stored into the FIFO (high-order half of each
FIFO word is unused). When reading 8-bit words out of the FIFO, simply read DBGFL repeatedly to get
successive bytes of data from the FIFO. It isn’t necessary to read DBGFH in this case.

Do not attempt to read data from the FIFO while it is still armed (after arming but before the FIFO is filled
or ARMF is cleared) because the FIFO is prevented from advancing during reads of DBGFL. This can
interfere with normal sequencing of reads from the FIFO.

Reading DBGFL while the debugger is not armed causes the address of the most-recently fetched opcode
to be stored to the last location in the FIFO. By reading DBGFH then DBGFL periodically, external host
software can develop a profile of program execution. After eight reads from the FIFO, the ninth read will
return the information that was stored as a result of the first read. To use the profiling feature, read the FIFO
eight times without using the data to prime the sequence and then begin using the data to get a delayed
picture of what addresses were being executed. The information stored into the FIFO on reads of DBGFL
(while the FIFO is not armed) is the address of the most-recently fetched opcode.
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Appendix A Electrical Characteristics and Timing Specifications
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Appendix A Electrical Characteristics and Timing Specifications
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