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Chapter 5 Resets, Interrupts, and System Configuration
5.7.6 System Device Identification Register (SDIDH, SDIDL)

This read-only register is included, so host development systems can identify the HCS08 derivative and 
revision number. This allows the development software to recognize where specific memory blocks, 
registers, and control bits are located in a target MCU.

1
SPI2FE

SPI2 Ports Input Filter Enable
0 Disable input filter on SPI2 port pins to allow for higher maximum SPI baud rate.
1 Enable input filter on SPI2 port pins to eliminate noise and restrict maximum SPI baud rate 

0
ACIC

Analog Comparator to Input Capture Enable— This bit connects the output of ACMP to TPM input channel 0. 
0 ACMP output not connected to TPM input channel 0.
1 ACMP output connected to TPM input channel 0.

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 5-8. SDIDH Register Field Descriptions

Field Description

7:4
Reserved

Bits 7:4 are reserved. Reading these bits will result in an indeterminate value; writes have no effect.

3:0
ID[11:8]

Part Identification Number — Each derivative in the HCS08 family has a unique identification number. The 
MC9S08JM16 series is hard coded to the value 0x01E. See also ID bits in Table 5-9.

7 6 5 4 3 2 1 0

R ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0

W

Reset 0 0 0 1 1 1 1 0

= Unimplemented or Reserved

Figure 5-8. System Device Identification Register — Low (SDIDL)

Table 5-9. SDIDL Register Field Descriptions

Field Description

7:0
ID[7:0]

Part Identification Number — Each derivative in the HCS08 Family has a unique identification number. The 
MC9S08JM16 series is hard coded to the value 0x01E. See also ID bits in Table 5-8.

Table 5-7. SOPT2 Register Field Descriptions (continued)

Field Description
MC9S08JM16 Series Data Sheet, Rev. 2
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Chapter 6 Parallel Input/Output
7 6 5 4 3 2 1 0

R
PTEDD7 PTEDD6 PTEDD5 PTEDD4 PTEDD3 PTEDD2 PTEDD1 PTEDD0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-23. Data Direction for Port E (PTEDD)

Table 6-22. PTEDD Register Field Descriptions

Field Description

7:0
PTEDD[7:0]

Data Direction for Port E Bits — These read/write bits control the direction of port E pins and what is read for 
PTED reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port E bit n and PTED reads return the contents of PTEDn.
MC9S08JM16 Series Data Sheet, Rev. 2
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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, TRACE1, 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. 
MC9S08JM16 Series Data Sheet, Rev. 2
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Analog-to-Digital Converter (S08ADC12V1)
10.3.6 Compare Value Low Register (ADCCVL)

This register holds the lower 8 bits of the 12-bit or 10-bit compare value or all 8 bits of the 8-bit compare 
value. When the compare function is enabled, bits ADCV[7:0] are compared to the lower 8 bits of the 
result following a conversion in 12-bit, 10-bit or 8-bit mode.

10.3.7 Configuration Register (ADCCFG)

ADCCFG selects the mode of operation, clock source, clock divide, and configures for low power and long 
sample time.

 

7 6 5 4 3 2 1 0

R
ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCV0

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-8.  Compare Value Low Register (ADCCVL)

7 6 5 4 3 2 1 0

R
ADLPC ADIV ADLSMP MODE ADICLK

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-9. Configuration Register (ADCCFG)

Table 10-6. ADCCFG Register Field Descriptions

Field Description

7
ADLPC

Low-Power Configuration. ADLPC controls the speed and power configuration of the successive approximation 
converter. This optimizes power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration:The power is reduced at the expense of maximum clock speed.

6:5
ADIV

Clock Divide Select. ADIV selects the divide ratio used by the ADC to generate the internal clock ADCK. 
Table 10-7 shows the available clock configurations.

4
ADLSMP

Long Sample Time Configuration. ADLSMP selects between long and short sample time. This adjusts the 
sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for 
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when 
continuous conversions are enabled if high conversion rates are not required.
0 Short sample time
1 Long sample time

3:2
MODE

Conversion Mode Selection. MODE bits are used to select between 12-, 10-, or 8-bit operation. See Table 10-8.

1:0
ADICLK

Input Clock Select. ADICLK bits select the input clock source to generate the internal clock ADCK. See 
Table 10-9.
MC9S08JM16 Series Data Sheet, Rev. 2
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Analog-to-Digital Converter (S08ADC12V1)
10.3.9 Pin Control 2 Register (APCTL2)

APCTL2 controls channels 8–15 of the ADC module.

 

5
ADPC5

ADC Pin Control 5. ADPC5 controls the pin associated with channel AD5.
0 AD5 pin I/O control enabled
1 AD5 pin I/O control disabled

4
ADPC4

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

3
ADPC3

ADC Pin Control 3. ADPC3 controls the pin associated with channel AD3.
0 AD3 pin I/O control enabled
1 AD3 pin I/O control disabled

2
ADPC2

ADC Pin Control 2. ADPC2 controls the pin associated with channel AD2.
0 AD2 pin I/O control enabled
1 AD2 pin I/O control disabled

1
ADPC1

ADC Pin Control 1. ADPC1 controls the pin associated with channel AD1.
0 AD1 pin I/O control enabled
1 AD1 pin I/O control disabled

0
ADPC0

ADC Pin Control 0. ADPC0 controls the pin associated with channel AD0.
0 AD0 pin I/O control enabled
1 AD0 pin I/O control disabled

7 6 5 4 3 2 1 0

R
ADPC15 ADPC14 ADPC13 ADPC12 ADPC11 ADPC10 ADPC9 ADPC8

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-11.  Pin Control 2 Register (APCTL2)

Table 10-11. APCTL2 Register Field Descriptions

Field Description

7
ADPC15

ADC Pin Control 15. ADPC15 controls the pin associated with channel AD15.
0 AD15 pin I/O control enabled
1 AD15 pin I/O control disabled

6
ADPC14

ADC Pin Control 14. ADPC14 controls the pin associated with channel AD14.
0 AD14 pin I/O control enabled
1 AD14 pin I/O control disabled

5
ADPC13

ADC Pin Control 13. ADPC13 controls the pin associated with channel AD13.
0 AD13 pin I/O control enabled
1 AD13 pin I/O control disabled

Table 10-10. APCTL1 Register Field Descriptions (continued)

Field Description
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Inter-Integrated Circuit (S08IICV2)
11.4.1.5 Repeated Start Signal

As shown in Figure 11-9, a repeated start signal is a start signal generated without first generating a stop 
signal to terminate the communication. This is used by the master to communicate with another slave or 
with the same slave in different mode (transmit/receive mode) without releasing the bus.

11.4.1.6 Arbitration Procedure

The IIC bus is a true multi-master bus that allows more than one master to be connected on it. If two or 
more masters try to control the bus at the same time, a clock synchronization procedure determines the bus 
clock, for which the low period is equal to the longest clock low period and the high is equal to the shortest 
one among the masters. The relative priority of the contending masters is determined by a data arbitration 
procedure, a bus master loses arbitration if it transmits logic 1 while another master transmits logic 0. The 
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case, 
the transition from master to slave mode does not generate a stop condition. Meanwhile, a status bit is set 
by hardware to indicate loss of arbitration.

11.4.1.7 Clock Synchronization

Because wire-AND logic is performed on the SCL line, a high-to-low transition on the SCL line affects all 
the devices connected on the bus. The devices start counting their low period and after a device’s clock has 
gone low, it holds the SCL line low until the clock high state is reached. However, the change of low to 
high in this device clock may not change the state of the SCL line if another device clock is still within its 
low period. Therefore, synchronized clock SCL is held low by the device with the longest low period. 
Devices with shorter low periods enter a high wait state during this time (see Figure 11-10). When all 
devices concerned have counted off their low period, the synchronized clock SCL line is released and 
pulled high. There is then no difference between the device clocks and the state of the SCL line and all the 
devices start counting their high periods. The first device to complete its high period pulls the SCL line 
low again.

Figure 11-10. IIC Clock Synchronization

SCL1

SCL2

SCL

Internal Counter Reset

Delay Start Counting High Period
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Multi-Purpose Clock Generator (S08MCGV1) 
12.3 Register Definition

12.3.1 MCG Control Register 1 (MCGC1)

 7 6 5 4 3 2 1 0

R
CLKS RDIV IREFS IRCLKEN IREFSTEN

W

Reset: 0 0 0 0 0 1 0 0

Figure 12-3. MCG Control Register 1 (MCGC1)

Table 12-1. MCG Control Register 1 Field Descriptions

Field Description

7:6
CLKS

Clock Source Select — Selects the system clock source.
00 Encoding 0 — Output of FLL or PLL is selected.
01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Reserved, defaults to 00.

5:3
RDIV

Reference Divider — Selects the amount to divide down the reference clock selected by the IREFS bit. If the 
FLL is selected, the resulting frequency must be in the range 31.25 kHz to 39.0625 kHz. If the PLL is selected, 
the resulting frequency must be in the range 1 MHz to 2 MHz.
000 Encoding 0 — Divides reference clock by 1 (reset default)
001 Encoding 1 — Divides reference clock by 2
010 Encoding 2 — Divides reference clock by 4
011 Encoding 3 — Divides reference clock by 8
100 Encoding 4 — Divides reference clock by 16
101 Encoding 5 — Divides reference clock by 32
110 Encoding 6 — Divides reference clock by 64
111 Encoding 7 — Divides reference clock by 128

2
IREFS

Internal Reference Select — Selects the reference clock source. 
1 Internal reference clock selected
0 External reference clock selected

1
IRCLKEN

Internal Reference Clock Enable — Enables the internal reference clock for use as MCGIRCLK.
1 MCGIRCLK active
0 MCGIRCLK inactive

0
IREFSTEN

Internal Reference Stop Enable — Controls whether or not the internal reference clock remains enabled when 
the MCG enters stop mode.
1 Internal reference clock stays enabled in stop if IRCLKEN is set or if MCG is in FEI, FBI, or BLPI mode before 

entering stop
0 Internal reference clock is disabled in stop
MC9S08JM16 Series Data Sheet, Rev. 2
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Multi-Purpose Clock Generator (S08MCGV1) 
In bypassed low power external mode, the MCGOUT clock is derived from the external reference clock. 
The external reference clock which is enabled can be an external crystal/resonator or it can be another 
external clock source.

The PLL and the FLL are disabled at all times in BLPE mode and the MCGLCLK will not be available 
for BDC communications. If the BDM becomes active the mode will switch to one of the bypassed 
external modes as determined by the state of the PLLS bit.

12.4.1.9 Stop

Stop mode is entered whenever the MCU enters a STOP state. In this mode, the FLL and PLL are disabled 
and all MCG clock signals are static except in the following cases:

MCGIRCLK will be active in stop mode when all the following conditions occur:
• IRCLKEN = 1
• IREFSTEN = 1

MCGERCLK will be active in stop mode when all the following conditions occur:
• ERCLKEN = 1
• EREFSTEN = 1

12.4.2 Mode Switching

When switching between engaged internal and engaged external modes the IREFS bit can be changed at 
anytime, but the RDIV bits must be changed simultaneously so that the reference frequency stays in the 
range required by the state of the PLLS bit (31.25 kHz to 39.0625 kHz if the FLL is selected, or 1 MHz to 
2 MHz if the PLL is selected). After a change in the IREFS value the FLL or PLL will begin locking again 
after the switch is completed. The completion of the switch is shown by the IREFST bit.

For the special case of entering stop mode immediately after switching to FBE mode, if the external clock 
and the internal clock are disabled in stop mode, (EREFSTEN = 0 and IREFSTEN = 0), it is necessary to 
allow 100us after the IREFST bit is cleared to allow the internal reference to shutdown. For most cases the 
delay due to instruction execution times will be sufficient.

The CLKS bits can also be changed at anytime, but in order for the MCGLCLK to be configured correctly 
the RDIV bits must be changed simultaneously so that the reference frequency stays in the range required 
by the state of the PLLS bit (31.25 kHz to 39.0625 kHz if the FLL is selected, or 1 MHz to 2MHz if the 
PLL is selected). The actual switch to the newly selected clock will be shown by the CLKST bits. If the 
newly selected clock is not available, the previous clock will remain selected.

For details see Figure 12-8.

12.4.3 Bus Frequency Divider

The BDIV bits can be changed at anytime and the actual switch to the new frequency will occur 
immediately.
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Multi-Purpose Clock Generator (S08MCGV1)
12.5.2.3 Example #3: Moving from BLPI to FEE Mode: External Crystal = 4 MHz, 
Bus Frequency = 16 MHz

In this example, the MCG will move through the proper operational modes from BLPI mode at a 16 kHz 
bus frequency running off of the internal reference clock (see previous example) to FEE mode using a 4 
MHz crystal configured for a 16 MHz bus frequency. First, the code sequence will be described. Then a 
flowchart will be included which illustrates the sequence.

1. First, BLPI must transition to FBI mode.
a) MCGC2 = 0x00 (%00000000)

– LP (bit 3) in MCGSC is 0
b) Optionally, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has acquired 

lock. Although the FLL is bypassed in FBI mode, it is still enabled and running.
2. Next, FBI will transition to FEE mode.

a) MCGC2 = 0x36 (%00110110)
– RANGE (bit 5) set to 1 because the frequency of 4 MHz is within the high frequency range
– HGO (bit 4) set to 1 to configure external oscillator for high gain operation
– EREFS (bit 2) set to 1, because a crystal is being used 
– ERCLKEN (bit 1) set to 1 to ensure the external reference clock is active

b) Loop until OSCINIT (bit 1) in MCGSC is 1, indicating the crystal selected by the EREFS bit 
has been initialized.

c) MCGC1 = 0x38 (%00111000)
– CLKS (bits 7 and 6) set to %00 in order to select the output of the FLL as system clock 

source
– RDIV (bits 5-3) set to %111, or divide-by-128 because 4 MHz / 128 = 31.25 kHz which is 

in the 31.25 kHz to 39.0625 kHz range required by the FLL
– IREFS (bit 1) cleared to 0, selecting the external reference clock

d) Loop until IREFST (bit 4) in MCGSC is 0, indicating the external reference clock is the current 
source for the reference clock

e) Optionally, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has 
reacquired lock.

f) Loop until CLKST (bits 3 and 2) in MCGSC are %00, indicating that the output of the FLL is 
selected to feed MCGOUT
MC9S08JM16 Series Data Sheet, Rev. 2
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Serial Communications Interface (S08SCIV4)
Writing 0 to TE does not immediately release the pin to be a general-purpose I/O pin. Any transmit activity 
that is in progress must first be completed. This includes data characters in progress, queued idle 
characters, and queued break characters.

14.3.2.1 Send Break and Queued Idle

The SBK control bit in SCIxC2 is used to send break characters which were originally used to gain the 
attention of old teletype receivers. Break characters are a full character time of logic 0 (10 bit times 
including the start and stop bits). A longer break of 13 bit times can be enabled by setting BRK13 = 1. 
Normally, a program would wait for TDRE to become set to indicate the last character of a message has 
moved to the transmit shifter, then write 1 and then write 0 to the SBK bit. This action queues a break 
character to be sent as soon as the shifter is available. If SBK is still 1 when the queued break moves into 
the shifter (synchronized to the baud rate clock), an additional break character is queued. If the receiving 
device is another Freescale Semiconductor SCI, the break characters will be received as 0s in all eight data 
bits and a framing error (FE = 1) occurs.

When idle-line wakeup is used, a full character time of idle (logic 1) is needed between messages to wake 
up any sleeping receivers. Normally, a program would wait for TDRE to become set to indicate the last 
character of a message has moved to the transmit shifter, then write 0 and then write 1 to the TE bit. This 
action queues an idle character to be sent as soon as the shifter is available. As long as the character in the 
shifter does not finish while TE = 0, the SCI transmitter never actually releases control of the TxD pin. If 
there is a possibility of the shifter finishing while TE = 0, set the general-purpose I/O controls so the pin 
that is shared with TxD is an output driving a logic 1. This ensures that the TxD line will look like a normal 
idle line even if the SCI loses control of the port pin between writing 0 and then 1 to TE.

The length of the break character is affected by the BRK13 and M bits as shown below.

14.3.3 Receiver Functional Description

In this section, the receiver block diagram (Figure 14-3) is used as a guide for the overall receiver 
functional description. Next, the data sampling technique used to reconstruct receiver data is described in 
more detail. Finally, two variations of the receiver wakeup function are explained.

The receiver input is inverted by setting RXINV = 1. The receiver is enabled by setting the RE bit in 
SCIxC2. Character frames consist of a start bit of logic 0, eight (or nine) data bits (LSB first), and a stop 
bit of logic 1. For information about 9-bit data mode, refer to Section 14.3.5.1, “8- and 9-Bit Data Modes.” 
For the remainder of this discussion, we assume the SCI is configured for normal 8-bit data mode.

After receiving the stop bit into the receive shifter, and provided the receive data register is not already 
full, the data character is transferred to the receive data register and the receive data register full (RDRF) 

Table 14-8. Break Character Length

BRK13 M Break Character Length

0 0 10 bit times

0 1 11 bit times

1 0 13 bit times

1 1 14 bit times
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Serial Peripheral Interface (S08SPI16V1)
Figure 15-2. SPI Module Quick Start

MSTR CPOL CPHA SSOE LSBFE

MODFEN BIDIROESPIMODE SPISWAI SPC0SPMIE

Additional configuration options.

SPPR0 SPR2 SPR1 SPR0SPPR2 SPPR1

Baud rate = (BUSCLK/SPPR[2:0])/SPR2[2:0]

Bit 15

Bit 7

Module Initialization (Slave):
Write: SPIxC1 to configure interrupts, set primary SPI options, slave mode select, and 

system enable.

Write: SPIxC2 to configure optional SPI features, hardware match interrupt enable, 
and 8- or 16-bit data transmission length

Write: SPIxMH:SPIxML to set hardware compare value that triggers SPMF (optional) 
when value in receive data buffer equals this value.

Module Initialization (Master):

Write: SPIxC1 to configure interrupts, set primary SPI options, master mode select, 
and system enable.

Write: SPIxC2 to configure optional SPI features, hardware match interrupt enable, 
and 8- or 16-bit data transmission length 

Write: SPIxBR to set baud rate

Write: SPIxMH:SPIxML to set hardware compare value that triggers SPMF (optional) 
when value in receive data buffer equals this value.

Module Use:

After SPI master initiates transfer by checking that SPTEF = 1 and then writing data to SPIDH/L:

Wait for SPRF, then read from SPIDH/L
Wait for SPTEF, then write to SPIDH/L

Data transmissions can be 8- or 16-bits long, and mode fault detection can be enabled for master mode in cases where 
more than one SPI device might become a master at the same time. Also, some applications may utilize the receive data 
buffer hardware match feature to trigger specific actions, such as when command data can be sent through the SPI or to 
indicate the end of an SPI transmission.

SPIxC1

SPIxC2

SPIxBR

SPIxDH

SPIxDL

SPIE SPE SPTIE

Module/interrupt enables and configuration

Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SPIxMH

Hardware Match Value

Bit 15

Bit 7

Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

MODFSPTEFSPIxS SPRF SPMF

SPIxML
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Figure 16-2. TPM Block Diagram

PRESCALE AND SELECT
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LOGIC

INTER-
RUPT
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COUNTER RESET
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BUS CLOCK

FIXED SYSTEM CLOCK

EXTERNAL CLOCK
SYNC

16-BIT COMPARATOR
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CHANNEL 1 ELS1B ELS1A

CH1IE

CH1F

IN
T

E
R

N
A

L 
B

U
S PORT

LOGIC

INTER-
RUPT
LOGIC

MS1B MS1A

16-BIT COMPARATOR

16-BIT LATCH

CHANNEL 7 ELS7B ELS7A

CH7IE

CH7F

PORT
LOGIC

INTER-
RUPT
LOGIC

MS7B MS7A

Up to 8 channels

CLOCK SOURCE
SELECT

OFF, BUS, FIXED
SYSTEM CLOCK, EXT

or ³128 

TPMxMODH:TPMxMODL

TPMxC0VH:TPMxC0VL

TPMxC1VH:TPMxC1VL

TPMxCH0

TPMxCH1

TPMxC7VH:TPMxC7VL

TPMxCH7
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Universal Serial Bus Device Controller (S08USBV1) 
17.2 External Signal Description
The USB module requires both data and power pins. Table 17-3 describes each of the USB external pin 

17.2.1 USBDP 

USBDP is the positive USB differential signal. In a USB peripheral application, connect an external 
33 Ω ±1% resistor in series with this signal in order to meet the USB Specification Rev. 2.0 impedance 
requirement. 

17.2.2 USBDN

USBDN is the negative USB differential signal. In a USB peripheral application, connect an external 
33 Ω ±1% resistor in series with this signal in order to meet the USB Specification, Rev. 2.0 impedance 
requirement. 

17.2.3 VUSB33 

VUSB33 is connected to the on-chip 3.3 V voltage regulator (VREG). VUSB33 maintains an output voltage 
of 3.3 V and can only source enough current for USB internal transceiver (XCVR) and USB pullup 
resistor. If the VREG is disabled by software, the application must input an external 3.3 V power supply 
to the USB module via VUSB33.

17.3 Register Definition
This section describes the memory map and control/status registers for the USB module. 

Table 17-3. USB External Pins

Name Port Direction Function Reset State

Positive USB differential signal USBDP I/O Differential USB signaling.
High

impedance

Negative USB differential signal USBDN I/O Differential USB signaling.
High

impedance

USB voltage regulator power pin VUSB33 Power
3.3 V USB voltage regulator output 
or 3.3 V USB transceiver/resistor 
supply input.

—
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Universal Serial Bus Device Controller (S08USBV1) 
17.3.8 Error Interrupt Enable Register (ERRENB) 

3
DFN8F

Data Field Error Flag — The data field received was not an interval of 8 bits. The USB Specification specifies 
that the data field must be an integer number of bytes. If the data field was not an integer number of bytes, this 
bit will be set. 
0 The data field was an integer number of bytes
1 The data field was not an integer number of bytes 

2
CRC16F

CRC16 Error Flag — The CRC16 failed. If set, the data packet was rejected due to a CRC16 error.
0 No CRC16 error detected
1 CRC16 error detected

1
CRC5F

 CRC5 Error Flag —  This bit will detect a CRC5 error in the token packets generated by the host. If set, the 
token packet was rejected due to a CRC5 error. 
0 No CRC5 error detected
1 CRC5 error detected, and the token packet was rejected.

0
PIDERRF

PID Error Flag — The PID check failed.
0 No PID check error detected
1 PID check error detected

 7 6 5 4 3 2 1 0

R
BTSERR

0
BUFERR BTOERR DFN8 CRC16 CRC5 PIDERR 

W

Reset 0 0 0 0 0 0 0 0

Figure 17-11. Error Interrupt Enable Register (ERRENB)

Table 17-12. ERRSTAT Field Descriptions

Field Description

7
BTSERR

BTSERR Interrupt Enable — Setting this bit will enable BTSERR interrupts. 
0 Interrupt disabled
1 Interrupt enabled

5
BUFERR

BUFERR Interrupt Enable — Setting this bit will enable BUFERR interrupts. 
0 Interrupt disabled
1 Interrupt enabled

4
BTOERR

BTOERR Interrupt Enable — Setting this bit will enable BTOERR interrupts. 
0 Interrupt disabled
1 Interrupt enabled

3
DFN8

DFN8 Interrupt Enable — Setting this bit will enable DFN8 interrupts. 
0 Interrupt disabled
1 Interrupt enabled

2
CRC16

CRC16 Interrupt Enable — Setting this bit will enable CRC16 interrupts. 
0 Interrupt disabled
1 Interrupt enabled

Table 17-11. ERRSTAT Field Descriptions (continued)

Field Description
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Development Support 
When no debugger pod is connected to the 6-pin BDM interface connector, the internal pullup on BKGD 
chooses normal operating mode. When a debug pod is connected to BKGD it is possible to force the MCU 
into active background mode after reset. The specific conditions for forcing active background depend 
upon the HCS08 derivative (refer to the introduction to this Development Support section). It is not 
necessary to reset the target MCU to communicate with it through the background debug interface.

18.2.2 Communication Details

The BDC serial interface requires the external controller to generate a falling edge on the BKGD pin to 
indicate the start of each bit time. The external controller provides this falling edge whether data is 
transmitted or received.

BKGD is a pseudo-open-drain pin that can be driven either by an external controller or by the MCU. Data 
is transferred MSB first at 16 BDC clock cycles per bit (nominal speed). The interface times out if 
512 BDC clock cycles occur between falling edges from the host. Any BDC command that was in progress 
when this timeout occurs is aborted without affecting the memory or operating mode of the target MCU 
system.

The custom serial protocol requires the debug pod to know the target BDC communication clock speed. 

The clock switch (CLKSW) control bit in the BDC status and control register allows the user to select the 
BDC clock source. The BDC clock source can either be the bus or the alternate BDC clock source. 

The BKGD pin can receive a high or low level or transmit a high or low level. The following diagrams 
show timing for each of these cases. Interface timing is synchronous to clocks in the target BDC, but 
asynchronous to the external host. The internal BDC clock signal is shown for reference in counting 
cycles.
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Appendix A Electrical Characteristics
Figure A-5. ADC Input Impedance Equivalency Diagram

ADC 
Conversion 
Clock Freq.

High Speed (ADLPC=0)
fADCK

0.4 — 8.0
MHz

Low Power (ADLPC=1) 0.4 — 4.0

1 Typical values assume VDDAD = 5.0 V, Temp = 25 °C, fADCK= 1.0 MHz unless otherwise stated. Typical values are for reference 
only and are not tested in production.

2 DC potential difference.

Table A-8. 5 Volt 12-bit ADC Operating Conditions (continued)

Characteristic Conditions Symbol Min. Typical1 Max. Unit Comment

+
–

+

–
VAS

RAS

CAS

VADIN

ZAS
Pad 
leakage
due to
input 
protection

ZADIN

SIMPLIFIED 
INPUT PIN EQUIVALENT

CIRCUIT

RADIN

ADC SAR
ENGINE

SIMPLIFIED 
CHANNEL SELECT

CIRCUIT

INPUT PIN

RADIN

CADIN

INPUT PIN

RADIN

INPUT PIN

RADIN
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Appendix A Electrical Characteristics
A.10 External Oscillator (XOSC) Characteristics
 

Table A-10. Oscillator Electrical Specifications (Temperature Range = –40 to 85°C Ambient)

Num C Rating Symbol Min Typ1

1 Typical data was characterized at 3.0 V, 25°C or is recommended value.

Max Unit

1 C

Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1)
Low range (RANGE = 0)
High range (RANGE = 1) FEE or FBE mode 2

High range (RANGE = 1) PEE or PBE mode 3

High range (RANGE = 1, HGO = 1) BLPE mode
High range (RANGE = 1, HGO = 0) BLPE mode

2 When MCG is configured for FEE or FBE mode, input clock source must be divided using RDIV to within the range of 31.25 kHz 
to 39.0625 kHz.

3 When MCG is configured for PEE or PBE mode, input clock source must be divided using RDIV to within the range of 1 MHz to 
2 MHz.

flo
fhi-fll
fhi-pll
fhi-hgo
fhi-lp

32
1
1
1
1

—
—
—
—
—

38.4
5

16
16
8

kHz
MHz
MHz
MHz
MHz

2 — Load capacitors C1, C2
See crystal or resonator 

manufacturer’s recommendation.

3 —
Feedback resistor

Low range (32 kHz to 38.4 kHz)
High range (1 MHz to 16 MHz)

RF 10
1

MΩ

4 —

Series resistor
Low range, low gain (RANGE = 0, HGO = 0)
Low range, high gain (RANGE = 0, HGO = 1)
High range, low gain (RANGE = 1, HGO = 0)
High range, high gain (RANGE = 1, HGO = 1)

≥ 8 MHz
4 MHz
1 MHz

RS

—
—
—

—
—
—

0
100
0

0
0
0

—
—
—

0
10
20

kΩ

5 T

Crystal start-up time 4

Low range, low gain (RANGE = 0, HGO = 0)
Low range, high gain (RANGE = 0, HGO = 1)
High range, low gain (RANGE = 1, HGO = 0)5

High range, high gain (RANGE = 1, HGO = 1)5

4 This parameter is characterized and not tested on each device. Proper PC board layout procedures must be followed to achieve 
specifications.

5 4 MHz crystal.

t
CSTL-LP

t
CSTL-HGO
t
CSTH-LP

t
CSTH-HGO

 —
 —
 —
 —

200
400
5

15

—
—
—
—

ms

6 T

Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)
FEE or FBE mode 2

PEE or PBE mode 3

BLPE mode

fextal
0.03125

1
0

—
—
—

5
16
40

MHz

MCU

EXTAL XTAL

Crystal or Resonator

RS

C2

RF

C1
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Appendix A Electrical Characteristics
Figure A-9. Timer Input Capture Pulse

A.12.3 SPI Characteristics

Table A-14 and Figure A-10 through Figure A-13 describe the timing requirements for the SPI system.
Table A-14. SPI Electrical Characteristic

Num1 C Characteristic2 Symbol Min Max Unit

1 D
Operating frequency

Master
Slave

fop
fop

fBus/2048
DC

fBus/2
fBus/4

Hz

2 D
Cycle time

Master
Slave

tSCK
tSCK

2
4

2048
—

tcyc
tcyc

3 D
Enable lead time

Master
Slave

tLead
tLead

—
1/2

1/2
—

tSCK
tSCK

4 D
Enable lag time

Master
Slave

tLag
tLag

—
1/2

1/2
—

tSCK
tSCK

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

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

7 D
Data setup time (inputs)

Master
Slave

tSI(M)
tSI(S)

30
30

—
—

ns
ns

8 D
Data hold time (inputs)

Master
Slave

tHI(M)
tHI(S)

30
30

—
—

ns
ns

9 D Access time, slave3 tA 0 40 ns

10 D Disable time, slave4 tdis — 40 ns

11 D
Data setup time (outputs)

Master
Slave

tSO
tSO

25
25

—
—

ns
ns

12 D
Data hold time (outputs)

Master
Slave

tHO
tHO

–10
–10

—
—

ns
ns

tICPW

TPMxCHn

tICPW

TPMxCHn
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