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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Chapter 2 Pins and Connections
2.2 Device Pin Assignment

Figure 2-1. MC9S08JM60 in 64-Pin QFP/LQFP Package
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Chapter 4 Memory
0x0054 SPI1DH Bit 15 14 13 12 11 10 9 Bit 8

0x0055 SPI1DL Bit 7 6 5 4 3 2 1 Bit 0

0x0056 SPI1MH Bit 15 14 13 12 11 10 9 Bit 8

0x0057 SPI1ML Bit 7 6 5 4 3 2 1 Bit 0

0x0058 IICA AD7 AD6 AD5 AD4 AD3 AD2 AD1 0

0x0059 IICF MULT ICR

0x005A IICC1 IICEN IICIE MST TX TXAK RSTA 0 0

0x005B IICS TCF IAAS BUSY ARBL 0 SRW IICIF RXAK

0x005C IICD DATA

0x005D IICC2 GCAEN ADEXT 0 0 0 AD10 AD9 AD8

0x005E–
0x005F

Reserved
— — — — — — — —

0x0060 TPM2SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

0x0061 TPM2CNTH Bit 15 14 13 12 11 10 9 Bit 8

0x0062 TPM2CNTL Bit 7 6 5 4 3 2 1 Bit 0

0x0063 TPM2MODH Bit 15 14 13 12 11 10 9 Bit 8

0x0064 TPM2MODL Bit 7 6 5 4 3 2 1 Bit 0

0x0065 TPM2C0SC CH0F CH0IE MS0B MS0A ELS0B ELS0A 0 0

0x0066 TPM2C0VH Bit 15 14 13 12 11 10 9 Bit 8

0x0067 TPM2C0VL Bit 7 6 5 4 3 2 1 Bit 0

0x0068 TPM2C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0

0x0069 TPM2C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x006A TPM2C1VL Bit 7 6 5 4 3 2 1 Bit 0

0x006B Reserved — — — — — — — —

0x006C RTCSC RTIF RTCLKS RTIE RTCPS

0x006D RTCCNT RTCCNT

0x006E RTCMOD RTCMOD

0x006F Reserved — — — — — — — —

0x0070 SPI2C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

0x0071 SPI2C2 SPMIE SPIMODE 0 MODFEN BIDIROE 0 SPISWAI SPC0

0x0072 SPI2BR 0 SPPR2 SPPR1 SPPR0 0 SPR2 SPR1 SPR0

0x0073 SPI2S SPRF SPMF SPTEF MODF 0 0 0 0

0x0074 SPI2DH Bit 15 14 13 12 11 10 9 Bit 8

0x0075 SPI2DL Bit 7 6 5 4 3 2 1 Bit 0

0x0076 SPI2MH Bit 15 14 13 12 11 10 9 Bit 8

0x0077 SPI2ML Bit 7 6 5 4 3 2 1 Bit 0

0x0078– 
0x007F

Reserved
— — — — — — — —

0x0080 USBCTL0 USBRESET USBPU USBRESMEN LPRESF — USBVREN — USBPHYEN

0x0081– 
0x0087

Reserved
— — — — — — — —

0x0088 PERID 0 0 ID5 ID4 ID3 ID2 ID1 ID0 

Table 4-2. Direct-Page Register Summary (Sheet 3 of 4)

Address Register 
Name Bit 7 6 5 4 3 2 1 Bit 0
MC9S08JM60 Series Data Sheet, Rev. 5
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Chapter 6 Parallel Input/Output
6.5.5 Port C I/O Registers (PTCD and PTCDD)
Port C parallel I/O function is controlled by the registers listed below.

6.5.6 Port C Pin Control Registers (PTCPE, PTCSE, PTCDS)
In addition to the I/O control, port C pins are controlled by the registers listed below.

7 6 5 4 3 2 1 0

R
PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCD0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-12. Port C Data Register (PTCD)

Table 6-11.  PTCD Register Field Descriptions

Field Description

6:0
PTCD[6:0]

Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C 
pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is 
driven out the corresponding MCU pin.
Reset forces PTCD to all 0s, but these 0s are not driven out the corresponding pins because reset also configures 
all port pins as high-impedance inputs with pullups disabled.

7 6 5 4 3 2 1 0

R
PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDD0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-13. Data Direction for Port C (PTCDD)

Table 6-12. PTCDD Register Field Descriptions

Field Description

6:0
PTCDD[6:0]

Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for 
PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
MC9S08JM60 Series Data Sheet, Rev. 5
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Chapter 6 Parallel Input/Output
7 6 5 4 3 2 1 0

R
PTEPE7 PTEPE6 PTEPE5 PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPE0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-24. Internal Pullup Enable for Port E (PTEPE)

Table 6-23. PTEPE Register Field Descriptions

Field Description

7:0
PTEPE[7:0]

Internal Pullup Enable for Port E Bits— Each of these control bits determines if the internal pullup device is 
enabled for the associated PTE pin. For port E pins that are configured as outputs, these bits have no effect and 
the internal pullup devices are disabled.
0 Internal pullup device disabled for port E bit n.
1 Internal pullup device enabled for port E bit n.

7 6 5 4 3 2 1 0

R
PTESE7 PTESE6 PTESE5 PTESE4 PTESE3 PTESE2 PTESE1 PTESE0

W

Reset 1 1 1 1 1 1 1 1

Figure 6-25. Output Slew Rate Control Enable for Port E (PTESE)

Table 6-24.  PTESE Register Field Descriptions

Field Description

7:0
PTESE[7:0]

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

7 6 5 4 3 2 1 0

R
PTEDS7 PTEDS6 PTEDS5 PTEDS4 PTEDS3 PTEDS2 PTEDS1 PTEDS0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-26. Output Drive Strength Selection for Port E (PTEDS)

Table 6-25.  PTEDS Register Field Descriptions

Field Description

7:0
PTEDS[7:0]

Output Drive Strength Selection for Port E Bits — Each of these control bits selects between low and high 
output drive for the associated PTE pin.
0 Low output drive enabled for port E bit n.
1 High output drive enabled for port E bit n.
MC9S08JM60 Series Data Sheet, Rev. 5
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Chapter 6 Parallel Input/Output
7 6 5 4 3 2 1 0

R
PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPE0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-34. Internal Pullup Enable for Port G Bits (PTGPE)

Table 6-33. PTGPE Register Field Descriptions

Field Description

5:0
PTGPEn

Internal Pullup Enable for Port G Bits — Each of these control bits determines if the internal pullup device is 
enabled for the associated PTG pin. For port G pins that are configured as outputs, these bits have no effect and 
the internal pullup devices are disabled.
0 Internal pullup device disabled for port G bit n.
1 Internal pullup device enabled for port G bit n.

7 6 5 4 3 2 1 0

R
PTGSE5 PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSE0

W

Reset 0 1 1 1 1 1 1 1

Figure 6-35. Output Slew Rate Control Enable for Port G Bits (PTGSE)

Table 6-34.  PTGSE Register Field Descriptions

Field Description

5:0
PTGSEn

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

7 6 5 4 3 2 1 0

R
PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDS0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-36. Output Drive Strength Selection for Port G (PTGDS)

Table 6-35. PTGDS Register Field Descriptions

Field Description

5:0
PTGDSn

Output Drive Strength Selection for Port G Bits — Each of these control bits selects between low and high 
output drive for the associated PTG pin.
0 Low output drive enabled for port G bit n.
1 High output drive enabled for port G bit n.
MC9S08JM60 Series Data Sheet, Rev. 5
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Chapter 8  
5 V Analog Comparator (S08ACMPV2)

8.1 Introduction
The analog comparator module (ACMP) provides a circuit for comparing two analog input voltages or for 
comparing one analog input voltage to an internal reference voltage. The comparator circuit is designed to 
operate across the full range of the supply voltage (rail to rail operation). 

NOTE
MC9S08JM60 series devices operate at a higher voltage range (2.7 V to 
5.5 V) and do not include stop1 mode. Therefore, please disregard 
references to stop1.

8.1.1 ACMP Configuration Information
When using the bandgap reference voltage for input to ACMP+, the user must enable the bandgap buffer 
by setting BGBE =1 in SPMSC1 see Section 5.7.7, “System Power Management Status and Control 1 
Register (SPMSC1).” For value of bandgap voltage reference see Appendix A.6, “DC Characteristics.”

8.1.2 ACMP/TPM Configuration Information
The ACMP module can be configured to connect the output of the analog comparator to TPM input capture 
channel 0 by setting ACIC in SOPT2. With ACIC set, the TPM1CH0 pin is not available externally 
regardless of the configuration of the TPM module.
MC9S08JM60 Series Data Sheet, Rev. 5
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Analog-to-Digital Converter (S08ADC12V1) 
 

10.3.10 Pin Control 3 Register (APCTL3)
APCTL3 controls channels 16–23 of the ADC module.

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

4
ADPC12

ADC Pin Control 12. ADPC12 controls the pin associated with channel AD12.
0 AD12 pin I/O control enabled
1 AD12 pin I/O control disabled

3
ADPC11

ADC Pin Control 11. ADPC11 controls the pin associated with channel AD11.
0 AD11 pin I/O control enabled
1 AD11 pin I/O control disabled

2
ADPC10

ADC Pin Control 10. ADPC10 controls the pin associated with channel AD10.
0 AD10 pin I/O control enabled
1 AD10 pin I/O control disabled

1
ADPC9

ADC Pin Control 9. ADPC9 controls the pin associated with channel AD9. 
0 AD9 pin I/O control enabled
1 AD9 pin I/O control disabled

0
ADPC8

ADC Pin Control 8. ADPC8 controls the pin associated with channel AD8. 
0 AD8 pin I/O control enabled
1 AD8 pin I/O control disabled

7 6 5 4 3 2 1 0

R
ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-12.  Pin Control 3 Register (APCTL3)
MC9S08JM60 Series Data Sheet, Rev. 5
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Analog-to-Digital Converter (S08ADC12V1) 
10.4.1 Clock Select and Divide Control
One of four clock sources can be selected as the clock source for the ADC module. This clock source is 
then divided by a configurable value to generate the input clock to the converter (ADCK). The clock is 
selected from one of the following sources by means of the ADICLK bits.

• The bus clock, which is equal to the frequency at which software is executed. This is the default 
selection following reset.

• The bus clock divided by two. For higher bus clock rates, this allows a maximum divide by 16 of 
the bus clock.

• ALTCLK, as defined for this MCU (See module section introduction).
• The asynchronous clock (ADACK). This clock is generated from a clock source within the ADC 

module. When selected as the clock source, this clock remains active while the MCU is in wait or 
stop3 mode and allows conversions in these modes for lower noise operation.

Whichever clock is selected, its frequency must fall within the specified frequency range for ADCK. If the 
available clocks are too slow, the ADC do not perform according to specifications. If the available clocks 
are too fast, the clock must be divided to the appropriate frequency. This divider is specified by the ADIV 
bits and can be divide-by 1, 2, 4, or 8.

10.4.2 Input Select and Pin Control
The pin control registers (APCTL3, APCTL2, and APCTL1) disable the I/O port control of the pins used 
as analog inputs.When a pin control register bit is set, the following conditions are forced for the associated 
MCU pin:

• The output buffer is forced to its high impedance state.
• The input buffer is disabled. A read of the I/O port returns a zero for any pin with its input buffer 

disabled.
• The pullup is disabled.

10.4.3 Hardware Trigger
The ADC module has a selectable asynchronous hardware conversion trigger, ADHWT, that is enabled 
when the ADTRG bit is set. This source is not available on all MCUs. Consult the module introduction for 
information on the ADHWT source specific to this MCU. 

When ADHWT source is available and hardware trigger is enabled (ADTRG=1), a conversion is initiated 
on the rising edge of ADHWT. If a conversion is in progress when a rising edge occurs, the rising edge is 
ignored. In continuous convert configuration, only the initial rising edge to launch continuous conversions 
is observed. The hardware trigger function operates in conjunction with any of the conversion modes and 
configurations.

10.4.4 Conversion Control
Conversions can be performed in 12-bit mode, 10-bit mode, or 8-bit mode as determined by the MODE 
bits. Conversions can be initiated by a software or hardware trigger. In addition, the ADC module can be 
MC9S08JM60 Series Data Sheet, Rev. 5
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Chapter 12  
Multi-Purpose Clock Generator (S08MCGV1)

12.1 Introduction
The multi-purpose clock generator (MCG) module provides several clock source choices for the MCU. 
which contains a frequency-locked loop (FLL) and a phase-locked loop (PLL). The module can select 
either of the FLL or PLL clocks, or either of the internal or external reference clocks as a source for the 
MCU system clock. Whichever clock source is chosen, it is passed through a reduced bus divider which 
allows a lower output clock frequency to be derived. The MCG also controls an external oscillator (XOSC) 
for the use of a crystal or resonator as the external reference clock.

For USB operation on the MC9S08JM60 series, the MCG must be configured for PLL engaged external 
(PEE) mode in order to achieve a MCGOUT frequency of 48 MHz
MC9S08JM60 Series Data Sheet, Rev. 5
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Multi-Purpose Clock Generator (S08MCGV1) 
• CLKS bits are written to 10
• IREFS bit is written to 0
• PLLS bit is written to 0
• RDIV bits are written to divide reference clock to be within the range of 31.25 kHz to 39.0625 kHz
• LP bit is written to 0

In FLL bypassed 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 FLL clock is controlled by the external reference clock, and the FLL clock frequency 
locks to 1024 times the reference frequency, as selected by the RDIV bits. The MCGLCLK is derived from 
the FLL and the PLL is disabled in a low power state.

NOTE
It is possible to briefly operate in FBE mode with an FLL reference clock 
frequency that is greater than the specified maximum frequency. This can be 
necessary in applications that operate in PEE mode using an external crystal 
with a frequency above 5 MHz. Please see 12.5.2.4, “Example # 4: Moving 
from FEI to PEE Mode: External Crystal = 8 MHz, Bus Frequency = 8 MHz 
for a detailed example.

12.4.1.5 PLL Engaged External (PEE)

The PLL engaged external (PEE) mode is entered when all the following conditions occur: 

• CLKS bits are written to 00
• IREFS bit is written to 0
• PLLS bit is written to 1
• RDIV bits are written to divide reference clock to be within the range of 1 MHz to 2 MHz

In PLL engaged external mode, the MCGOUT clock is derived from the PLL clock which is controlled by 
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 clock frequency locks to a 
multiplication factor, as selected by the VDIV bits, times the reference frequency, as selected by the RDIV 
bits. If BDM is enabled then the MCGLCLK is derived from the DCO (open-loop mode) divided by two. 
If BDM is not enabled then the FLL is disabled in a low power state.
MC9S08JM60 Series Data Sheet, Rev. 5

192 Freescale Semiconductor
 
 



Chapter 15 16-Bit Serial Peripheral Interface (S08SPI16V1)
Figure 15-1. MC9S08JM60 Series Block Diagram Highlighting the SPI Blocks and Pins
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Serial Peripheral Interface (S08SPI16V1) 
15.1.2 Features
The SPI includes these distinctive features:

• Master mode or slave mode operation
• Full-duplex or single-wire bidirectional mode
• Programmable transmit bit rate
• Double-buffered transmit and receive data register
• Serial clock phase and polarity options
• Slave select output
• Mode fault error flag with CPU interrupt capability
• Control of SPI operation during wait mode
• Selectable MSB-first or LSB-first shifting
• Programmable 8- or 16-bit data transmission length
• Receive data buffer hardware match feature

15.1.3 Modes of Operation
The SPI functions in three modes, run, wait, and stop.

• Run Mode
This is the basic mode of operation.

• Wait Mode
SPI operation in wait mode is a configurable low power mode, controlled by the SPISWAI bit 
located in the SPIxC2 register. In wait mode, if the SPISWAI bit is clear, the SPI operates like in 
Run Mode. If the SPISWAI bit is set, the SPI goes into a power conservative state, with the SPI 
clock generation turned off. If the SPI is configured as a master, any transmission in progress stops, 
but is resumed after CPU goes into Run Mode. If the SPI is configured as a slave, reception and 
transmission of a byte continues, so that the slave stays synchronized to the master.

• Stop Mode
The SPI is inactive in stop3 mode for reduced power consumption. If the SPI is configured as a 
master, any transmission in progress stops, but is resumed after the CPU goes into Run Mode. If 
the SPI is configured as a slave, reception and transmission of a data continues, so that the slave 
stays synchronized to the master.

The SPI is completely disabled in all other stop modes. When the CPU wakes from these stop modes, all 
SPI register content will be reset.

This is a high level description only, detailed descriptions of operating modes are contained in section 
Section 15.4.9, “Low Power Mode Options.”

15.1.4 Block Diagrams
This section includes block diagrams showing SPI system connections, the internal organization of the SPI 
module, and the SPI clock dividers that control the master mode bit rate.
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Serial Peripheral Interface (S08SPI16V1)
15.1.4.1 SPI System Block Diagram
Figure 15-3 shows the SPI modules of two MCUs connected in a master-slave arrangement. The master 
device initiates all SPI data transfers. During a transfer, the master shifts data out (on the MOSI pin) to the 
slave while simultaneously shifting data in (on the MISO pin) from the slave. The transfer effectively 
exchanges the data that was in the SPI shift registers of the two SPI systems. The SPSCK signal is a clock 
output from the master and an input to the slave. The slave device must be selected by a low level on the 
slave select input (SS pin). In this system, the master device has configured its SS pin as an optional slave 
select output.

Figure 15-3. SPI System Connections

15.1.4.2 SPI Module Block Diagram
Figure 15-4 is a block diagram of the SPI module. The central element of the SPI is the SPI shift register. 
Data is written to the double-buffered transmitter (write to SPIxDH:SPIxDL) and gets transferred to the 
SPI shift register at the start of a data transfer. After shifting in 8 or 16 bits (as determined by SPIMODE 
bit) of data, the data is transferred into the double-buffered receiver where it can be read (read from 
SPIxDH:SPIxDL). Pin multiplexing logic controls connections between MCU pins and the SPI module. 

When the SPI is configured as a master, the clock output is routed to the SPSCK pin, the shifter output is 
routed to MOSI, and the shifter input is routed from the MISO pin. 

When the SPI is configured as a slave, the SPSCK pin is routed to the clock input of the SPI, the shifter 
output is routed to MISO, and the shifter input is routed from the MOSI pin. 

In the external SPI system, simply connect all SPSCK pins to each other, all MISO pins together, and all 
MOSI pins together. Peripheral devices often use slightly different names for these pins.
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Serial Peripheral Interface (S08SPI16V1) 
The baud rate divisor equation is as follows:

The baud rate can be calculated with the following equation:

Figure 15-15. SPI Baud Rate Generation

15.4.7 Special Features

15.4.7.1 SS Output
The SS output feature automatically drives the SS pin low during transmission to select external devices 
and drives it high during idle to deselect external devices. When SS output is selected, the SS output pin 
is connected to the SS input pin of the external device.

The SS output is available only in master mode during normal SPI operation by asserting the SSOE and 
MODFEN bits as shown in Table 15-2.

The mode fault feature is disabled while SS output is enabled. 

NOTE
Care must be taken when using the SS output feature in a multi-master 
system since the mode fault feature is not available for detecting system 
errors between masters.

15.4.7.2 Bidirectional Mode (MOMI or SISO)
The bidirectional mode is selected when the SPC0 bit is set in SPI Control Register 2 (see Table 15-9.) In 
this mode, the SPI uses only one serial data pin for the interface with external device(s). The MSTR bit 
decides which pin to use. The MOSI pin becomes the serial data I/O (MOMI) pin for the master mode, and 
the MISO pin becomes serial data I/O (SISO) pin for the slave mode. The MISO pin in master mode and 
MOSI pin in slave mode are not used by the SPI.
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Timer/PWM Module (S08TPMV3)
Figure 16-2. TPM Block Diagram
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Timer/PWM Module (S08TPMV3)
to enable hardware interrupt generation. While the interrupt enable bit is set, a static interrupt will generate 
whenever the associated interrupt flag equals one. The user’s software must perform a sequence of steps 
to clear the interrupt flag before returning from the interrupt-service routine.

TPM interrupt flags are cleared by a two-step process including a read of the flag bit while it is set (1) 
followed by a write of zero (0) to the bit. If a new event is detected between these two steps, the sequence 
is reset and the interrupt flag remains set after the second step to avoid the possibility of missing the new 
event.

16.6.2.1 Timer Overflow Interrupt (TOF) Description
The meaning and details of operation for TOF interrupts varies slightly depending upon the mode of 
operation of the TPM system (general purpose timing functions versus center-aligned PWM operation). 
The flag is cleared by the two step sequence described above.

16.6.2.1.1 Normal Case

Normally TOF is set when the timer counter changes from 0xFFFF to 0x0000. When the TPM is not 
configured for center-aligned PWM (CPWMS=0), TOF gets set when the timer counter changes from the 
terminal count (the value in the modulo register) to 0x0000. This case corresponds to the normal meaning 
of counter overflow.

16.6.2.1.2 Center-Aligned PWM Case

When CPWMS=1, TOF gets set when the timer counter changes direction from up-counting to 
down-counting at the end of the terminal count (the value in the modulo register). In this case the TOF 
corresponds to the end of a PWM period.

16.6.2.2 Channel Event Interrupt Description
The meaning of channel interrupts depends on the channel’s current mode (input-capture, output-compare, 
edge-aligned PWM, or center-aligned PWM).

16.6.2.2.1 Input Capture Events

When a channel is configured as an input capture channel, the ELSnB:ELSnA control bits select no edge 
(off), rising edges, falling edges or any edge as the edge which triggers an input capture event. When the 
selected edge is detected, the interrupt flag is set. The flag is cleared by the two-step sequence described 
in Section 16.6.2, “Description of Interrupt Operation.”

16.6.2.2.2 Output Compare Events

When a channel is configured as an output compare channel, the interrupt flag is set each time the main 
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the two-step 
sequence described Section 16.6.2, “Description of Interrupt Operation.”
MC9S08JM60 Series Data Sheet, Rev. 5

Freescale Semiconductor 291
 
 



Development Support 
18.1.1 Features
Features of the BDC module include:

• Single pin for mode selection and background communications
• BDC registers are not located in the memory map
• SYNC command to determine target communications rate
• Non-intrusive commands for memory access
• Active background mode commands for CPU register access
• GO and TRACE1 commands
• BACKGROUND command can wake CPU from stop or wait modes
• One hardware address breakpoint built into BDC
• Oscillator runs in stop mode, if BDC enabled
• COP watchdog disabled while in active background mode

Features of the ICE system include:
• Two trigger comparators: Two address + read/write (R/W) or one full address + data + R/W
• Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or
— Event-only data

• Two types of breakpoints:
— Tag breakpoints for instruction opcodes
— Force breakpoints for any address access

• Nine trigger modes:
— Basic: A-only, A OR B
— Sequence: A then B
— Full: A AND B data, A AND NOT B data 
— Event (store data): Event-only B, A then event-only B
— Range: Inside range (A ≤ address ≤ B), outside range (address < A or address > B)

18.2 Background Debug Controller (BDC)
All MCUs in the HCS08 family contain a single-wire background debug interface that supports in-circuit 
programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities. Unlike 
debug interfaces on earlier 8-bit MCUs, this system does not interfere with normal application resources. 
It does not use any user memory or locations in the memory map and does not share any on-chip 
peripherals.

BDC commands are divided into two groups:
• Active background mode commands require that the target MCU is in active background mode (the 

user program is not running). Active background mode commands allow the CPU registers to be 
read or written, and allow the user to trace one user instruction at a time, or GO to the user program 
from active background mode.
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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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Development Support 
A-Only — Trigger when the address matches the value in comparator A

A OR B — Trigger when the address matches either the value in comparator A or the value in 
comparator B

A Then B — Trigger when the address matches the value in comparator B but only after the address for 
another cycle matched the value in comparator A. There can be any number of cycles after the A match 
and before the B match.

A AND B Data (Full Mode) — This is called a full mode because address, data, and R/W (optionally) 
must match within the same bus cycle to cause a trigger event. Comparator A checks address, the low byte 
of comparator B checks data, and R/W is checked against RWA if RWAEN = 1. The high-order half of 
comparator B is not used.

In full trigger modes it is not useful to specify a tag-type CPU breakpoint (BRKEN = TAG = 1), but if you 
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the 
CPU breakpoint is issued when the comparator A address matches.

A AND NOT B Data (Full Mode) — Address must match comparator A, data must not match the low 
half of comparator B, and R/W must match RWA if RWAEN = 1. All three conditions must be met within 
the same bus cycle to cause a trigger.

In full trigger modes it is not useful to specify a tag-type CPU breakpoint (BRKEN = TAG = 1), but if you 
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the 
CPU breakpoint is issued when the comparator A address matches.

Event-Only B (Store Data) — Trigger events occur each time the address matches the value in 
comparator B. Trigger events cause the data to be captured into the FIFO. The debug run ends when the 
FIFO becomes full.

A Then Event-Only B (Store Data) — After the address has matched the value in comparator A, a trigger 
event occurs each time the address matches the value in comparator B. Trigger events cause the data to be 
captured into the FIFO. The debug run ends when the FIFO becomes full.

Inside Range (A ≤ Address ≤ B) — A trigger occurs when the address is greater than or equal to the value 
in comparator A and less than or equal to the value in comparator B at the same time.

Outside Range (Address < A or Address > B) — A trigger occurs when the address is either less than 
the value in comparator A or greater than the value in comparator B.
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