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Chapter 2  
Pins and Connections

2.1 Introduction
This chapter describes signals that connect to package pins. It includes a pinout diagram, a table of signal 
properties, and detailed discussion of signals. 

2.2 Device Pin Assignment
Figure 2-1 shows the 48-pin QFN pin assignments for the MC9S08AC16 Series device.

Figure 2-1. MC9S08AC16 Series in 48-Pin QFN Package
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Chapter 2 Pins and Connections
external reset circuitry unnecessary. This pin is normally connected to the standard 6-pin background 
debug connector so a development system can directly reset the MCU system. If desired, a manual external 
reset can be added by supplying a simple switch to ground (pull reset pin low to force a reset).

Whenever any reset is initiated (whether from an external signal or from an internal system), the reset pin 
is driven low for approximately 34 bus cycles. The reset circuitry decodes the cause of reset and records 
it by setting a corresponding bit in the system control reset status register (SRS).

In EMC-sensitive applications, an external RC filter is recommended on the reset pin. See Figure 2-5 for 
an example.

2.3.4 Background/Mode Select (BKGD/MS)

While in reset, the BKGD/MS pin functions as a mode select pin. Immediately after reset rises the pin 
functions as the background pin and can be used for background debug communication. While functioning 
as a background/mode select pin, the pin includes an internal pullup device, input hysteresis, a standard 
output driver, and no output slew rate control. 

If nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of reset. 
If a debug system is connected to the 6-pin standard background debug header, it can hold BKGD/MS low 
during the rising edge of reset which forces the MCU to active background mode.

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

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

2.3.5 ADC Reference Pins (VREFH, VREFL)

The VREFH and VREFL pins are the voltage reference high and voltage reference low inputs respectively 
for the ADC module.

2.3.6 External Interrupt Pin (IRQ)

The IRQ pin is the input source for the IRQ interrupt and is also the input for the BIH and BIL instructions. 
If the IRQ function is not enabled, this pin does not perform any function.

In EMC-sensitive applications, an external RC filter is recommended on the IRQ pin. See Figure 2-5 for 
an example.
MC9S08AC16 Series Data Sheet, Rev. 9
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Chapter 5 Resets, Interrupts, and System Configuration
Either RTI clock source can be used when the MCU is in run, wait or stop3 mode. When using the external 
oscillator in stop3, it must be enabled in stop (OSCSTEN = 1) and configured for low bandwidth operation 
(RANGE = 0). Only the internal 1-kHz clock source can be selected to wake the MCU from stop2 mode.

The SRTISC register includes a read-only status flag, a write-only acknowledge bit, and a 3-bit control 
value (RTIS2:RTIS1:RTIS0) used to disable the clock source to the real-time interrupt or select one of 
seven wakeup periods. The RTI has a local interrupt enable, RTIE, to allow masking of the real-time 
interrupt. The RTI can be disabled by writing each bit of RTIS to zeroes, and no interrupts will be 
generated. See Section 5.9.7, “System Real-Time Interrupt Status and Control Register (SRTISC),” for 
detailed information about this register.

5.8 MCLK Output
The PTC2 pin is shared with the MCLK clock output. Setting the pin enable bit, MPE, causes the PTC2 
pin to output a divided version of the internal MCU bus clock. The divide ratio is determined by the 
MCSEL bits. When MPE is set, the PTC2 pin is forced to operate as an output pin regardless of the state 
of the port data direction control bit for the pin. If the MCSEL bits are all 0s, the pin is driven low. The 
slew rate and drive strength for the pin are controlled by PTCSE2 and PTCDS2, respectively. The 
maximum clock output frequency is limited if slew rate control is enabled, see the electrical chapter for 
pin rise and fall times with slew rate enabled.

5.9 Reset, Interrupt, and System Control Registers and Control Bits
One 8-bit register in the direct page register space and eight 8-bit registers in the high-page register space 
are related to reset and interrupt systems. 

Refer to the direct-page register summary in Chapter 4, “Memory,” of this data sheet for the absolute 
address assignments for all 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.

Some control bits in the SOPT and SPMSC2 registers are related to modes of operation. Although brief 
descriptions of these bits are provided here, the related functions are discussed in greater detail in 
Chapter 3, “Modes of Operation.”
MC9S08AC16 Series Data Sheet, Rev. 9
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Chapter 5 Resets, Interrupts, and System Configuration
5.9.10 System Options Register 2 (SOPT2) 

This high page register contains bits to configure MCU specific features on the MC9S08AC16 Series 
devices.

 7 6 5 4 3 2 1 0

R
COPCLKS1

0 0 0 0 0 0 0

W

Reset: 1 0 0 0 0 0 0 0

= Unimplemented or Reserved

1 This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-12.  System Options Register 2 (SOPT2)

Table 5-14. SOPT2 Register Field Descriptions

Field Description

7
COPCLKS

COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog.
0 Internal 1-kHz clock is source to COP.
1 Bus clock is source to COP.
MC9S08AC16 Series Data Sheet, Rev. 9
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Chapter 6 Parallel Input/Output
6.3.2 Port B

Figure 6-3. Port B Pin Names

Port B pins are general-purpose I/O pins. Parallel I/O function is controlled by the port B data (PTBD) and 
data direction (PTBDD) registers which are located in page zero register space. The pin control registers, 
pullup enable (PTBPE), slew rate control (PTBSE), and drive strength select (PTBDS) are located in the 
high page registers. Refer to Section 6.4, “Parallel I/O Control” for more information about 
general-purpose I/O control and Section 6.5, “Pin Control” for more information about pin control.

Port B general-purpose I/O are shared with the ADC and TPM3 timer channels. Any pin enabled as an 
ADC input will have the general-purpose I/O function disabled. When any TPM3 function is enabled, the 
direction (input or output) is controlled by the TPM3 and not by the data direction register of the parallel 
I/O port. Refer to Chapter 10, “Timer/PWM (S08TPMV3),” for more information about using port B pins 
as TPM channels. Refer to Chapter 14, “Analog-to-Digital Converter (S08ADC10V1)” for more 
information about using port B as analog inputs.

6.3.3 Port C

Figure 6-4. Port C Pin Names

Port C pins are general-purpose I/O pins. Parallel I/O function is controlled by the port C data (PTCD) and 
data direction (PTCDD) registers which are located in page zero register space. The pin control registers, 
pullup enable (PTCPE), slew rate control (PTCSE), and drive strength select (PTCDS) are located in the 
high page registers. Refer to Section 6.4, “Parallel I/O Control” for more information about 
general-purpose I/O control and Section 6.5, “Pin Control” for more information about pin control.

Port C general-purpose I/O is shared with SCI2, IIC, and MCLK. When any shared function is enabled, 
the direction, input or output, is controlled by the shared function and not by the data direction register of 
the parallel I/O port. Also, for pins which are configured as outputs by the shared function, the output data 
is controlled by the shared function and not by the port data register.

Refer to Chapter 11, “Serial Communications Interface (S08SCIV4)” for more information about using 
port C pins as SCI pins.

Refer to Chapter 13, “Inter-Integrated Circuit (S08IICV2)” for more information about using port C pins 
as IIC pins.

Refer to Chapter 5, “Resets, Interrupts, and System Configuration” for more information about using 
PTC2 as the MCLK pin.
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Chapter 6 Parallel Input/Output
7 6 5 4 3 2 1 0

R
PTASE7 R R R R PTASE2 PTASE1 PTASE0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-13. Output Slew Rate Control Enable for Port A (PTASE)1
1 Bits 6 through 3 are reserved bits that must always be written to 0.

Table 6-4. PTASE Register Field Descriptions

Field Description

7, 2:0
PTASEn

Output Slew Rate Control Enable for Port A Bits — Each of these control bits determine whether output slew 
rate control is enabled for the associated PTA pin. For port A pins that are configured as inputs, these bits have 
no effect.
0 Output slew rate control disabled for port A bit n.
1 Output slew rate control enabled for port A bit n.

7 6 5 4 3 2 1 0

R
PTADS7 R R R R PTADS2 PTADS1 PTADS0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-14.  Output Drive Strength Selection for Port A (PTADS)1
1 Bits 6 through 3 are reserved bits that must always be written to 0.

Table 6-5. PTADS Register Field Descriptions

Field Description

7, 2:0
PTADSn

Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high 
output drive for the associated PTA pin.
0 Low output drive enabled for port A bit n.
1 High output drive enabled for port A bit n.
MC9S08AC16 Series Data Sheet, Rev. 9
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Internal Clock Generator (S08ICGV4) 
8.3.2 ICG Control Register 2 (ICGC2)

7 6 5 4 3 2 1 0

R
LOLRE MFD LOCRE RFD

W

Reset 0 0 0 0 0 0 0 0

Figure 8-7. ICG Control Register 2 (ICGC2)

Table 8-2. ICGC2 Register Field Descriptions

Field Description

7
LOLRE

Loss of Lock Reset Enable — The LOLRE bit determines what type of request is made by the ICG following a 
loss of lock indication. The LOLRE bit only has an effect when LOLS is set.
0 Generate an interrupt request on loss of lock.
1 Generate a reset request on loss of lock. 

6:4
MFD

Multiplication Factor — The MFD bits control the programmable multiplication factor in the FLL loop. The value 
specified by the MFD bits establishes the multiplication factor (N) applied to the reference frequency. Writes to 
the MFD bits will not take effect if a previous write is not complete. Select a low enough value for N such that 
fICGDCLK does not exceed its maximum specified value.
000 Multiplication factor = 4
001 Multiplication factor = 6
010 Multiplication factor = 8
011 Multiplication factor = 10
100 Multiplication factor = 12
101 Multiplication factor = 14
110 Multiplication factor = 16
111 Multiplication factor = 18

3
LOCRE

Loss of Clock Reset Enable — The LOCRE bit determines how the system manages a loss of clock condition.
0 Generate an interrupt request on loss of clock.
1 Generate a reset request on loss of clock.

2:0
RFD

Reduced Frequency Divider — The RFD bits control the value of the divider following the clock select circuitry. 
The value specified by the RFD bits establishes the division factor (R) applied to the selected output clock source. 
Writes to the RFD bits will not take effect if a previous write is not complete.
000 Division factor = 1
001 Division factor = 2
010 Division factor = 4
011 Division factor = 8
100 Division factor = 16
101 Division factor = 32
110 Division factor = 64
111 Division factor = 128
MC9S08AC16 Series Data Sheet, Rev. 9
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Chapter 9  
Keyboard Interrupt (S08KBIV1)

9.1 Introduction
The MC9S08AC16 Series has one KBI module with seven keyboard interrupt inputs that are shared with 
port D and port G pins. See Chapter 2, “Pins and Connections,” for more information about the logic and 
hardware aspects of these pins.

NOTE
Bit 7 of KBISC and KBIPE is reserved and reads 0. Neglect the correlative 
information in Section 9.4.1, “KBI Status and Control Register (KBISC),” 
and Section 9.4.2, “KBI Pin Enable Register (KBIPE).”

9.2 Keyboard Pin Sharing
The KBI input KBIP6 shares a common pin with PTD3 and AD11, and KBI input KBIP5 shares a common 
pin with PTD2 and AD10.

The KBI inputs KBIP4–KBIP0 are shared on common pins with PTG4–PTG0.

KBIP3–KBIP0 are always falling-edge/low-level sensitive. KBIP6–KBIP4 can be configured for 
rising-edge/high-level or for falling-edge/low-level sensitivity. When any of the inputs KBIP6–KBIP0 are 
enabled and configured to detect rising edges/high levels, and the pin pullup is enabled through the 
corresponding port pullup enable bit for that pin, a pulldown resistor rather than a pullup resistor is enabled 
on the pin.

9.3 Features
The keyboard interrupt (KBI) module features include:

• Four falling edge/low level sensitive

• Three falling edge/low level or rising edge/high level sensitive

• Choice of edge-only or edge-and-level sensitivity

• Common interrupt flag and interrupt enable control

• Capable of waking up the MCU from stop3, stop2, or wait mode
MC9S08AC16 Series Data Sheet, Rev. 9
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Timer/PWM Module (S08TPMV3)
The TPM channels are programmable independently as input capture, output compare, or edge-aligned 
PWM channels. Alternately, the TPM can be configured to produce CPWM outputs on all channels. When 
the TPM is configured for CPWMs, the counter operates as an up/down counter; input capture, output 
compare, and EPWM functions are not practical.

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

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

10.4 Signal Description
Table 10-3 shows the user-accessible signals for the TPM. The number of channels may be varied from 
one to eight. When an external clock is included, it can be shared with the same pin as any TPM channel; 
however, it could be connected to a separate input pin. Refer to the I/O pin descriptions in full-chip 
specification for the specific chip implementation.

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

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

10.4.1 Detailed Signal Descriptions

This section describes each user-accessible pin signal in detail. Although Table 10-3 grouped all channel 
pins together, any TPM pin can be shared with the external clock source signal. Since I/O pin logic is not 
part of the TPM, refer to full-chip documentation for a specific derivative for more details about the 
interaction of TPM pin functions and general purpose I/O controls including port data, data direction, and 
pullup controls.

Table 10-3. Signal Properties

Name Function

EXTCLK1

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

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

TPMxCHn2

2 n=channel number (1 to 8)

I/O pin associated with TPM channel n
MC9S08AC16 Series Data Sheet, Rev. 9
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Timer/PWM Module (S08TPMV3)
10.5 Register Definition
This section consists of register descriptions in address order. A typical MCU system may contain multiple 
TPMs, and each TPM may have one to eight channels, so register names include placeholder characters to 
identify which TPM and which channel is being referenced. For example, TPMxCnSC refers to timer 
(TPM) x, channel n. TPM1C2SC would be the status and control register for channel 2 of timer 1.

10.5.1 TPM Status and Control Register (TPMxSC)

TPMxSC contains the overflow status flag and control bits used to configure the interrupt enable, TPM 
configuration, clock source, and prescale factor. These controls relate to all channels within this timer 
module.

7 6 5 4 3 2 1 0

R TOF
TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

W 0

Reset 0 0 0 0 0 0 0 0

Figure 10-7. TPM Status and Control Register (TPMxSC)

Table 10-4. TPMxSC Field Descriptions

Field Description

7
TOF

Timer overflow flag. This read/write flag is set when the TPM counter resets to 0x0000 after reaching the modulo 
value programmed in the TPM counter modulo registers. Clear TOF by reading the TPM status and control 
register when TOF is set and then writing a logic 0 to TOF. If another TPM overflow occurs before the clearing 
sequence is complete, the sequence is reset so TOF would remain set after the clear sequence was completed 
for the earlier TOF. This is done so a TOF interrupt request cannot be lost during the clearing sequence for a 
previous TOF. Reset clears TOF. Writing a logic 1 to TOF has no effect.
0 TPM counter has not reached modulo value or overflow
1 TPM counter has overflowed

6
TOIE

Timer overflow interrupt enable. This read/write bit enables TPM overflow interrupts. If TOIE is set, an interrupt is 
generated when TOF equals one. Reset clears TOIE.
0 TOF interrupts inhibited (use for software polling)
1 TOF interrupts enabled

5
CPWMS

Center-aligned PWM select. When present, this read/write bit selects CPWM operating mode. By default, the TPM 
operates in up-counting mode for input capture, output compare, and edge-aligned PWM functions. Setting 
CPWMS reconfigures the TPM to operate in up/down counting mode for CPWM functions. Reset clears CPWMS.
0 All channels operate as input capture, output compare, or edge-aligned PWM mode as selected by the 

MSnB:MSnA control bits in each channel’s status and control register.
1 All channels operate in center-aligned PWM mode.
MC9S08AC16 Series Data Sheet, Rev. 9
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Timer/PWM Module (S08TPMV3) 
prescaler counting) after the second byte is written. Instead, the TPM v2 always updates these 
registers when their second byte is written.

The following procedure can be used in the TPM v3 to verify if the TPMxCnVH:L registers 
were updated with the new value that was written to these registers (value in their write buffer).

...

write the new value to TPMxCnVH:L;

read TPMxCnVH and TPMxCnVL registers;

while (the read value of TPMxCnVH:L is different from the new value written to 
TPMxCnVH:L)

begin

  read again TPMxCnVH and TPMxCnVL;

end

...

In this point, the TPMxCnVH:L registers were updated, so the program can continue and, for 
example, write to TPMxC0SC without cancelling the previous write to TPMxCnVH:L 
registers.

— Edge-Aligned PWM (Section 10.6.2.3, “Edge-Aligned PWM Mode)

In this mode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L 
registers with the value of their write buffer after that the both bytes were written and when the 
TPM counter changes from (TPMxMODH:L - 1) to (TPMxMODH:L). If the TPM counter is 
a free-running counter, then this update is made when the TPM counter changes from $FFFE 
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and 
when the TPM counter changes from TPMxMODH:L to $0000.

— Center-Aligned PWM (Section 10.6.2.4, “Center-Aligned PWM Mode)

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

5. Center-Aligned PWM (Section 10.6.2.4, “Center-Aligned PWM Mode)

— TPMxCnVH:L = TPMxMODH:L [SE110-TPM case 1]

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

— TPMxCnVH:L = (TPMxMODH:L - 1) [SE110-TPM case 2]

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

— TPMxCnVH:L is changed from 0x0000 to a non-zero value [SE110-TPM case 3 and 5]

In this case, the TPM v3 waits for the start of a new PWM period to begin using the new duty 
cycle setting. Instead, the TPM v2 changes the channel output at the middle of the current 
PWM period (when the count reaches 0x0000).
MC9S08AC16 Series Data Sheet, Rev. 9
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Serial Communications Interface (S08SCIV4)
Figure 11-3 shows the receiver portion of the SCI.

Figure 11-3. SCI Receiver Block Diagram
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Serial Communications Interface (S08SCIV4)
11.2.5 SCI Status Register 2 (SCIxS2)

This register has one read-only status flag.

1
FE

Framing Error Flag — FE is set at the same time as RDRF when the receiver detects a logic 0 where the stop 
bit was expected. This suggests the receiver was not properly aligned to a character frame. To clear FE, read 
SCIxS1 with FE = 1 and then read the SCI data register (SCIxD).
0 No framing error detected. This does not guarantee the framing is correct.
1 Framing error.

0
PF

Parity Error Flag — PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in 
the received character does not agree with the expected parity value. To clear PF, read SCIxS1 and then read 
the SCI data register (SCIxD).
0 No parity error. 
1 Parity error.

 7 6 5 4 3 2 1 0

R
LBKDIF RXEDGIF

0
RXINV RWUID BRK13 LBKDE

RAF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-9. SCI Status Register 2 (SCIxS2)

Table 11-6. SCIxS2 Field Descriptions

Field Description

7
LBKDIF

LIN Break Detect Interrupt Flag — LBKDIF is set when the LIN break detect circuitry is enabled and a LIN break 
character is detected. LBKDIF is cleared by writing a “1” to it.
0 No LIN break character has been detected.
1 LIN break character has been detected.

6
RXEDGIF

RxD Pin Active Edge Interrupt Flag — RXEDGIF is set when an active edge (falling if RXINV = 0, rising if 
RXINV=1) on the RxD pin occurs. RXEDGIF is cleared by writing a “1” to it.
0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.

4
RXINV1

Receive Data Inversion — Setting this bit reverses the polarity of the received data input.
0 Receive data not inverted
1 Receive data inverted

3
RWUID

Receive Wake Up Idle Detect— RWUID controls whether the idle character that wakes up the receiver sets the 
IDLE bit.
0 During receive standby state (RWU = 1), the IDLE bit does not get set upon detection of an idle character.
1 During receive standby state (RWU = 1), the IDLE bit gets set upon detection of an idle character.

2
BRK13

Break Character Generation Length — BRK13 is used to select a longer transmitted break character length. 
Detection of a framing error is not affected by the state of this bit.
0 Break character is transmitted with length of 10 bit times (11 if M = 1)
1 Break character is transmitted with length of 13 bit times (14 if M = 1)

Table 11-5. SCIxS1 Field Descriptions (continued)

Field Description
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Inter-Integrated Circuit (S08IICV2)
Table 13-4. IIC Divider and Hold Values

ICR
(hex)

SCL 
Divider

SDA Hold
Value

SCL Hold
(Start) 
Value

SDA Hold
(Stop) 
Value

ICR
(hex)

SCL 
Divider

SDA Hold
Value

SCL Hold
(Start) 
Value

SCL Hold
(Stop) 
Value

00 20 7 6 11 20 160 17 78 81

01 22 7 7 12 21 192 17 94 97

02 24 8 8 13 22 224 33 110 113

03 26 8 9 14 23 256 33 126 129

04 28 9 10 15 24 288 49 142 145

05 30 9 11 16 25 320 49 158 161

06 34 10 13 18 26 384 65 190 193

07 40 10 16 21 27 480 65 238 241

08 28 7 10 15 28 320 33 158 161

09 32 7 12 17 29 384 33 190 193

0A 36 9 14 19 2A 448 65 222 225

0B 40 9 16 21 2B 512 65 254 257

0C 44 11 18 23 2C 576 97 286 289

0D 48 11 20 25 2D 640 97 318 321

0E 56 13 24 29 2E 768 129 382 385

0F 68 13 30 35 2F 960 129 478 481

10 48 9 18 25 30 640 65 318 321

11 56 9 22 29 31 768 65 382 385

12 64 13 26 33 32 896 129 446 449

13 72 13 30 37 33 1024 129 510 513

14 80 17 34 41 34 1152 193 574 577

15 88 17 38 45 35 1280 193 638 641

16 104 21 46 53 36 1536 257 766 769

17 128 21 58 65 37 1920 257 958 961

18 80 9 38 41 38 1280 129 638 641

19 96 9 46 49 39 1536 129 766 769

1A 112 17 54 57 3A 1792 257 894 897

1B 128 17 62 65 3B 2048 257 1022 1025

1C 144 25 70 73 3C 2304 385 1150 1153

1D 160 25 78 81 3D 2560 385 1278 1281

1E 192 33 94 97 3E 3072 513 1534 1537

1F 240 33 118 121 3F 3840 513 1918 1921
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Analog-to-Digital Converter (S08ADC10V1) 
Figure 14-2. ADC Block Diagram

14.3 External Signal Description
The ADC module supports up to 28 separate analog inputs. It also requires four supply/reference/ground 
connections.

Table 14-2. Signal Properties

Name Function

AD27–AD0 Analog Channel inputs

VREFH High reference voltage

VREFL Low reference voltage

VDDAD Analog power supply

VSSAD Analog ground

AD0

• •
 •

AD27

VREFH

VREFL

ADVIN

A
D

C
H

Control Sequencer

in
iti

al
iz

e

sa
m

pl
e

co
nv

er
t

tr
an

sf
er

ab
or

t

Clock
Divide

ADCK



Async
Clock Gen

Bus Clock

ALTCLK

A
D

IC
LK

A
D

IV

ADACK

A
D

C
O

A
D

LS
M

P

A
D

LP
C

M
O

D
E

co
m

pl
et

e

Data Registers

SAR Converter

Compare Value Registers

Compare

V
al

ue

S
um

AI
EN

C
O

C
O

InterruptAIEN

COCO
A

D
T

R
G

1

2

1 2

MCU STOP

ADHWT

Logic

AC
FG

T

3
Compare true

3
Compare true ADC1CFGADC1SC1

ADC1SC2
MC9S08AC16 Series Data Sheet, Rev. 9

248 Freescale Semiconductor
  



MC9S08AC16 Series Data Sheet, Rev. 9

Freescale Semiconductor  271
 

Chapter 15  
Development Support

15.1 Introduction
Development support systems in the HCS08 include the background debug controller (BDC) and the 
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that 
provides a convenient interface for programming the on-chip FLASH and other nonvolatile memories. The 
BDC is also the primary debug interface for development and allows non-intrusive access to memory data 
and traditional debug features such as CPU register modify, breakpoints, and single instruction trace 
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test 
modes). Debug is done through commands fed into the target MCU via the single-wire background debug 
interface. The debug module provides a means to selectively trigger and capture bus information so an 
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis 
without having external access to the address and data signals.

The alternate BDC clock source for MC9S08AC16 Series is the ICGLCLK. See Chapter 8, “Internal 
Clock Generator (S08ICGV4)” for more information about ICGCLK and how to select clock sources.



Development Support 
the host must perform ((8 – CNT) – 1) dummy reads of the FIFO to advance it to the first significant entry 
in the FIFO.

In most trigger modes, the information stored in the FIFO consists of 16-bit change-of-flow addresses. In 
these cases, read DBGFH then DBGFL to get one coherent word of information out of the FIFO. Reading 
DBGFL (the low-order byte of the FIFO data port) causes the FIFO to shift so the next word of information 
is available at the FIFO data port. In the event-only trigger modes (see Section 15.3.5, “Trigger Modes”), 
8-bit data information is stored into the FIFO. In these cases, the high-order half of the FIFO (DBGFH) is 
not used and data is read out of the FIFO by simply reading DBGFL. Each time DBGFL is read, the FIFO 
is shifted so the next data value is available through the FIFO data port at DBGFL.

In trigger modes where the FIFO is storing change-of-flow addresses, there is a delay between CPU 
addresses and the input side of the FIFO. Because of this delay, if the trigger event itself is a 
change-of-flow address or a change-of-flow address appears during the next two bus cycles after a trigger 
event starts the FIFO, it will not be saved into the FIFO. In the case of an end-trace, if the trigger event is 
a change-of-flow, it will be saved as the last change-of-flow entry for that debug run.

The FIFO can also be used to generate a profile of executed instruction addresses when the debugger is 
not armed. When ARM = 0, reading DBGFL causes the address of the most-recently fetched opcode to be 
saved in the FIFO. To use the profiling feature, a host debugger would read addresses out of the FIFO by 
reading DBGFH then DBGFL at regular periodic intervals. The first eight values would be discarded 
because they correspond to the eight DBGFL reads needed to initially fill the FIFO. Additional periodic 
reads of DBGFH and DBGFL return delayed information about executed instructions so the host debugger 
can develop a profile of executed instruction addresses.

15.3.3 Change-of-Flow Information

To minimize the amount of information stored in the FIFO, only information related to instructions that 
cause a change to the normal sequential execution of instructions is stored. With knowledge of the source 
and object code program stored in the target system, an external debugger system can reconstruct the path 
of execution through many instructions from the change-of-flow information stored in the FIFO.

For conditional branch instructions where the branch is taken (branch condition was true), the source 
address is stored (the address of the conditional branch opcode). Because BRA and BRN instructions are 
not conditional, these events do not cause change-of-flow information to be stored in the FIFO.

Indirect JMP and JSR instructions use the current contents of the H:X index register pair to determine the 
destination address, so the debug system stores the run-time destination address for any indirect JMP or 
JSR. For interrupts, RTI, or RTS, the destination address is stored in the FIFO as change-of-flow 
information.

15.3.4 Tag vs. Force Breakpoints and Triggers

Tagging is a term that refers to identifying an instruction opcode as it is fetched into the instruction queue, 
but not taking any other action until and unless that instruction is actually executed by the CPU. This 
distinction is important because any change-of-flow from a jump, branch, subroutine call, or interrupt 
causes some instructions that have been fetched into the instruction queue to be thrown away without being 
executed.
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Development Support
15.4.1.2 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 15.2.4, “BDC Hardware Breakpoint.”

15.4.2 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.

2
WS

Wait or Stop Status — When the target CPU is in wait or stop mode, most BDC commands cannot function. 
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
WSF

Wait or Stop Failure Status — This status bit is set if a memory access command failed due to the target CPU 
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
DVF

Data Valid Failure Status — This status bit is not used in the MC9S08AC16 Series because it does not have 
any slow access memory.
0 Memory access did not conflict with a slow memory access
1 Memory access command failed because CPU was not finished with a slow memory access

Table 15-2. BDCSCR Register Field Descriptions (continued)

Field Description
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Appendix A Electrical Characteristics and Timing Specifications
18

MC9S08ACxx: Internal oscillator deviation from 
trimmed frequency9

VDD = 2.7 – 5.5 V, (constant temperature)
VDD = 5.0 V 10%, –40 C to 125C

ACCint
—
—

0.5
0.5

2
2

%

C

S9S08AWxxA: Internal oscillator deviation from 
trimmed frequency10

VDD = 2.7 – 5.5 V, (constant temperature)
ACCint

— 0.5 1.5
%

P VDD = 5.0 V 10%, –40 C to 85C — 0.5 1.5

P VDD = 5.0 V 10%, –40 C to 125C — 0.5 2.0
1 Typical values are based on characterization data at VDD = 5.0V, 25C unless otherwise stated.
2 Self-clocked mode frequency is the frequency that the DCO generates when the FLL is open-loop.
3 Loss of reference frequency is the reference frequency detected internally, which transitions the ICG into self-clocked mode if 

it is not in the desired range.
4 Loss of DCO frequency is the DCO frequency detected internally, which transitions the ICG into FLL bypassed external mode 

(if an external reference exists) if it is not in the desired range.
5 This parameter is characterized before qualification rather than 100% tested.
6 Proper PC board layout procedures must be followed to achieve specifications.
7 This specification applies to the period of time required for the FLL to lock after entering FLL engaged internal or external 

modes. If a crystal/resonator is being used as the reference, this specification assumes it is already running.
8 Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fICGOUT. 

Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal. Noise 
injected into the FLL circuitry via VDDA and VSSA and variation in crystal oscillator frequency increase the CJitter percentage for 
a given interval.

9 See Figure A-9.
10 See Figure A-9.

Table A-11. ICG Frequency Specifications (continued)

(VDDA = VDDA (min) to VDDA (max), Temperature Range = –40 to 125C Ambient)

Num C Characteristic Symbol Min Typ1 Max Unit
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Appendix A Electrical Characteristics and Timing Specifications
A.11 SPI Characteristics
Table A-14 and Figure A-15 through Figure A-18 describe the timing requirements for the SPI system.

Table A-14. SPI Electrical Characteristic

Num C Characteristic1

1 All timing is shown with respect to 20% VDD and 70% VDD, unless noted; 100 pF load on all SPI 
pins. All timing assumes slew rate control disabled and high drive strength enabled for SPI output 
pins.

Symbol Min Max Unit

Operating frequency
Master

Slave
fop
fop

fBus/2048
dc

fBus/2
fBus/4

Hz

1 Cycle time
Master

Slave
tSCK
tSCK

2
4

2048
—

tcyc
tcyc

2 Enable lead time
Master

Slave
tLead
tLead

—
1/2

1/2
—

tSCK
tSCK

3 Enable lag time
Master

Slave
tLag
tLag

—
1/2

1/2
—

tSCK
tSCK

4 Clock (SPSCK) high time 
Master and Slave tSCKH 1/2 tSCK – 25 — ns

5 Clock (SPSCK) low time Master 
and Slave tSCKL 1/2 tSCK – 25 — ns

6 Data setup time (inputs)
Master

Slave
tSI(M)
tSI(S)

30
30

—
—

ns
ns

7 Data hold time (inputs)
Master

Slave
tHI(M)
tHI(S)

30
30

—
—

ns
ns

8 Access time, slave2

2 Time to data active from high-impedance state.

tA 0 40 ns

9 Disable time, slave3

3 Hold time to high-impedance state.

tdis — 40 ns

10 Data setup time (outputs)
Master

Slave
tSO
tSO

25
25

—
—

ns
ns

11 Data hold time (outputs)
Master

Slave
tHO
tHO

–10
–10

—
—

ns
ns
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