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Welcome to E-XFL.COM

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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Auto Wakeup Module (AWU)
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COPRS (In Stop Mode) � Auto Wakeup Period Selection Bit, depends on OSCSTOPEN in 
CONFIG2 and bus clock source (BUSCLKX2).

1 = Auto wakeup short cycle = 512���u (INTRCOSC or BUSCLKX2)
0 = Auto wakeup long cycle = 16,384���u (INTRCOSC or BUSCLKX2)

SSREC � Short Stop Recovery Bit
SSREC enables the CPU to exit stop mode with a delay of 32 BUSCLKX4 cycles instead of a 4096 
BUSCLKX4 cycle delay.

1 = Stop mode recovery after 32 BUSCLKX4 cycles
0 = Stop mode recovery after 4096 BUSCLKX4 cycles

NOTE
LVISTOP, LVIRST, LVIPWRD, LVITRIP, and COPD bits are not used in 
conjuction with the auto wakeup feature. To see a description of these bits, 
see Chapter 5 Configuration Register (CONFIG)



Keyboard Interrupt Module (KBI)
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OSC During Break Interrupts
11.6  OSC During  Break Interrupts
There are no status flags associated with the OSC module.

The system integration module (SIM) controls whether status bits in other modules can be cleared during 
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status 
bits during the break state. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. If a status bit is cleared 
during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to BCFE. With BCFE cleared (its default state), 
software can read and write registers during the break state without affecting status bits. Some status bits 
have a two-step read/write clearing procedure. If software does the first step on such a bit before the 
break, the bit cannot change during the break state as long as BCFE is cleared. After the break, doing the 
second step clears the status bit.

11.7  I/O Signals
The OSC shares its pins with general-purpose input/output (I/O) port pins. See Figure 11-1 for port 
location of these shared pins.

11.7.1  Oscillator  Input Pin (OSC1)

The OSC1 pin is an input to the crystal oscillator amplifier, an input to the RC oscillator circuit, or an input 
from an external clock source.

When the OSC is configured for internal oscillator, the OSC1 pin can be used as a general-purpose 
input/output (I/O) port pin or other alternative pin function.

11.7.2  Oscillator Output Pin (OSC2)

For the XTAL oscillator option, the OSC2 pin is the output of the crystal oscillator amplifier.

When the OSC is configured for internal oscillator, external clock, or RC, the OSC2 pin can be used as a 
general-purpose I/O port pin or other alternative pin function. When the oscillator is configured for internal 
or RC, the OSC2 pin can be used to output BUSCLKX4.

 
Table 11-1. OSC2 Pin Function

Option  OSC2 Pin Function

XTAL oscillator Inverting OSC1

External clock General-purpose I/O or alternative pin function

Internal oscillator 
or 

RC oscillator

Controlled by OSC2EN bit
OSC2EN = 0: General-purpose I/O or alternative pin function
OSC2EN = 1: BUSCLKX4 output
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Input/Output Ports (PORTS)

12.4.3  Port B Input Pullup Enable Register

The port B input pullup enable register (PTBPUE) contains a software configurable pullup device for each 

of the eight port B pins. Each bit is individually configurable and requires the corresponding data direction 
register, DDRBx, be configured as input. Each pullup device is automatically and dynamically disabled 
when its corresponding DDRBx bit is configured as output.

PTBPUE[7:0] � Port B Input Pullup Enable Bits
These read/write bits are software programmable to enable pullup devices on port B pins

1 = Corresponding port B pin configured to have internal pull if its DDRB bit is set to 0
0 = Pullup device is disconnected on the corresponding port B pin regardless of the state of its 

DDRB bit.

12.4.4  Port B Summary Table

The following table summarizes the operation of the port A pins when used as a general-purpose 
input/output pins.

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTBPUE7 PTBPUE6 PTBPUE5 PTBPUE4 PTBPUE3 PTBPUE2 PTBPUE2 PTBPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 12-8. Port B Input Pullup Enable Register (PTBPUE)

Table 12-2. Port B Pin Functions

DDRB
Bit

PTB
Bit

I/O Pin
Mode

Accesses to DDRB Accesses to PTB

Read/Write Read Write

0 X(1)

1. X = don�t care

Input, Hi-Z(2)

2. Hi-Z = high impedance

DDRB7�DDRB0 Pin PTB7�PTB0 (3)

3. Writing affects data register, but does not affect the input.

1 X Output DDRB7�DDRB0 Pin PTB7�PTB0
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System Integration Module (SIM)
13.6.1.1  Hardware Interrupts

A hardware interrupt does not stop the current instruction. Processing of a hardware interrupt begins after 
completion of the current instruction. When the current instruction is complete, the SIM checks all pending 
hardware interrupts. If interrupts are not masked (I bit clear in the condition code register), and if the 
corresponding interrupt enable bit is set, the SIM proceeds with interrupt processing; otherwise, the next 
instruction is fetched and executed.

If more than one interrupt is pending at the end of an instruction execution, the highest priority interrupt is 
serviced first. Figure 13-10 demonstrates what happens when two interrupts are pending. If an interrupt 
is pending upon exit from the original interrupt service routine, the pending interrupt is serviced before the 
LDA instruction is executed.

The LDA opcode is prefetched by both the INT1 and INT2 return-from-interrupt (RTI) instructions. 
However, in the case of the INT1 RTI prefetch, this is a redundant operation.

NOTE
To maintain compatibility with the M6805 Family, the H register is not 
pushed on the stack during interrupt entry. If the interrupt service routine 
modifies the H register or uses the indexed addressing mode, software 
should save the H register and then restore it prior to exiting the routine.

Figure 13-10 . Interrupt Recognition Example

13.6.1.2  SWI Instruction

The SWI instruction is a non-maskable instruction that causes an interrupt regardless of the state of the 
interrupt mask (I bit) in the condition code register.

NOTE
A software interrupt pushes PC onto the stack. A software interrupt does 
not  push PC � 1, as a hardware interrupt does.

CLI

LDA

INT1

PULH
RTI

INT2

BACKGROUND ROUTINE#$FF

PSHH

INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI

PSHH

INT2 INTERRUPT SERVICE ROUTINE
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Exception Control
13.6.2  Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources. Table 13-3 summarizes the 
interrupt sources and the interrupt status register flags that they set. The interrupt status registers can be 
useful for debugging.

IF1 and IF3�IF6 � Interrupt Flags
These flags indicate the presence of interrupt requests from the sources shown in Table 13-3.

1 = Interrupt request present
0 = No interrupt request present

Bit 0, 1, and 3� Always read 0

13.6.2.1  Interrupt Status Register 2

IF7�I F14 � Interrupt Flags
This flag indicates the presence of interrupt requests from the sources shown in Table 13-3.

1 = Interrupt request present
0 = No interrupt request present

Table 13-3. Interrupt Sources

Priority Source Flag Mask(1)

1. The I bit in the condition code register is a global mask for all interrupt sources except the SWI instruction.

INT
Register Flag

Vector
Address

Highest

Lowest

Reset � � � $FFFE�$FFFF

SWI instruction � � � $FFFC�$FFFD

IRQ pin IRQF1 IMASK1 IF1 $FFFA�$FFFB

Timer channel 0 interrupt CH0F CH0IE IF3 $FFF6�$FFF7

Timer channel 1 interrupt CH1F CH1IE IF4 $FFF4�$FFF5

Timer overflow interrupt TOF TOIE IF5 $FFF2�$FFF3

SLIC interrupt SLCF SLCIE IF9 $FFEA�$FFEB

Keyboard interrupt KEYF IMASKK IF14 $FFE0�$FFE1

ADC conversion complete interrupt COCO AIEN IF15 $FFDE�$FFDF

Bit 7 6 5 4 3 2 1 Bit 0

Read: IF6 IF5 IF4 IF3 0 IF1 0 0

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

R = Reserved

Figure 13-11. Interrupt Status Register 1 (INT1)

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

R = Reserved

Figure 13-12. Interrupt Status Register 2 (INT2)
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System Integration Module (SIM)
13.7.2  Stop Mode

In stop mode, the SIM counter is reset and the system clocks are disabled. An interrupt request from a 
module can cause an exit from stop mode. Stacking for interrupts begins after the selected stop recovery 
time has elapsed. Reset or break also causes an exit from stop mode.

The SIM disables the oscillator signals (BUSCLKX2 and BUSCLKX4) in stop mode, stopping the CPU 
and peripherals. If OSCENINSTOP is set, BUSCLKX4 will remain running in STOP and can be used to 
run the AWU. Stop recovery time is selectable using the SSREC bit in the configuration register 1 
(CONFIG1). If SSREC is set, stop recovery is reduced from the normal delay of 4096 BUSCLKX4 cycles 
down to 32. This is ideal for the internal oscillator, RC oscillator, and external oscillator options which do 
not require long start-up times from stop mode.

NOTE
External crystal applications should use the full stop recovery time by 
clearing the SSREC bit.

The SIM counter is held in reset from the execution of the STOP instruction until the beginning of stop 
recovery. It is then used to time the recovery period. Figure 13-17 shows stop mode entry timing and 
Figure 13-18 shows the stop mode recovery time from interrupt or break

NOTE
To minimize stop current, all pins configured as inputs should be driven to 
a logic 1 or logic 0.

 
Figure 13-17. Stop Mode Entry Timing

 
Figure 13-18. Stop Mode Recovery from Interrupt

STOP ADDR + 1 SAME SAMEADDRESS BUS

DATA BUS PREVIOUS DATA NEXT OPCODE SAME

STOP ADDR

SAME

R/W

CPUSTOP

NOTE: Previous data can be operand data or the STOP opcode, depending on the last instruction.

BUSCLKX4

INTERRUPT

ADDRESS BUS STOP + 2 STOP + 2 SP SP � 1 SP � 2 SP � 3STOP +1

STOP RECOVERY PERIOD
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I/O Signals
14.7  I/O Signals
The SLIC module can share its two pins with the general-purpose I/O pins. See Figure 14-1 for the port 
pins that are shared. 

14.7.1  SLCTX � SLIC Transmit Pin

The SLCTX pin serves as the serial output of the SLIC module.

14.7.2  SLCRX � SLIC Receive Pin

The SLCRX pin serves as the serial input of the SLIC module. This input feeds directly into the digital 
receive filter block which filters out noise glitches from the incoming data stream.

14.8  Registers

14.8.1  SLIC Control Register 1

SLIC control register 1 (SLCC1) contains bits used to control various basic features of the SLIC module, 
including features used for initialization and at runtime.

INITREQ �Initialization Request
Requesting initialization mode by setting this bit will place the SLIC module into its initialized state 
immediately. If transmission or reception of data is in progress, the transaction will be terminated 
immediately upon entry into initialization mode (signified by INITACK being set to 1). To return to 
normal SLIC operation after the SLIC has been initialized (the INITACK is high), the INITREQ must be 
cleared by software.

1 = Request for SLIC to be put into reset state immediately
0 = Normal operation

WAKETX � Transmit Wakeup Symbol
This bit allows the user to transmit a wakeup symbol on the LIN bus. When set, this sends a wakeup 
symbol, as defined in the LIN specification a single time, then resets to 0. This bit will read 1 while the 
wakeup symbol is being transmitted on the bus. This bit will be automatically cleared when the wakeup 
symbol is complete.

1 = Send wakeup symbol on LIN bus
0 = Normal operation

TXABRT � Transmit Abort Message
1 = Transmitter aborts current transmission at next byte boundary; TXABRT resets to 0 after the 

transmission is successfully aborted
0 = Normal operation

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0
INITREQ

0
WAKETX TXABRT IMSG SLCIE

Write:

Reset: 0 0 1 0 0 0 0 0

= Unimplemented

Figure 14-4. SLIC Control Register 1 (SLCC1) 
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Registers
14.8.6.2  Byte Transfer Mode Operation

When byte transfer mode is enabled (BTM = 1), many of the interrupt sources for the SLCSV no longer 
apply, as they are specific to LIN operations. Table 14-3 shows those interrupt sources which are 
applicable to BTM operations. The value of the SLCSV for each interrupt source remains the same, as 
well as the priority of the interrupt source.

I

� No Interrupts Pending
This value indicates that all pending interrupt sources have been serviced. In polling mode, the 
SLCSV is read and interrupts serviced until this value reads back 0. This source will not generate 
an interrupt of the CPU, regardless of state of SLCIE.

� TX Message Buffer Empty
In byte transfer mode, this interrupt source indicates that the byte in the SLCID has been 
transmitted.

� RX Data Buffer Full � No Errors
This interrupt source indicates that a byte has been received and is waiting in SLCID. To clear this 
source, SLCID must be read first.

� Bit-Error 
A unit that is sending a bit on the bus also monitors the bus. A BIT_ERROR must be detected at 
that bit time, when the bit value that is monitored is different from the bit value that is sent.

� Receiver Buffer Overrun Error
This error is an indication that the receive buffer has not been emptied and additional byte(s) have 
been received, resulting in lost data. Because this interrupt is higher priority than the receive buffer 
full interrupts, it will appear first when an overflow condition occurs. There will, however, be a 
pending receive interrupt which must also be cleared after the buffer overrun flag is cleared.

� Byte Framing Error
This error comes from the standard UART definition for byte encoding and occurs when STOP is 
sampled and reads back as a 0. STOP should always read as 1. 

� Wakeup
The wakeup interrupt source indicates that the SLIC module has entered SLIC run mode from SLIC 
wait mode.

Table 14-3. Interrupt Sources Summary (BTM = 1)

SLCSV I3 I2 I1 I0 Interrupt Source Priority

$00 0 0 0 0 No Interrupts Pending 0 (Lowest)

$0C 0 0 1 1 TX Message Buffer Empty 3

$14 0 1 0 1 RX Data Buffer Full
No Errors 5

$18 0 1 1 0 Bit-Error 6

$1C 0 1 1 1 Receiver Buffer Overrun 7

$28 1 0 1 0 Byte Framing Error 10

$38 1 1 1 0 Reserved 14

$3C 1 1 1 1 Wakeup 15 (Highest)
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Slave LIN Interface Cont roller (SLIC) Module
will resume. If the SLIC was in SLIC stop mode, SLCSV will indicate wakeup as the interrupt source so 
that the user knows that the SLIC module brought the MCU out of stop or wait. 

In a LIN system, a system message is generally sent to all nodes to indicate that they are to enter 
low-power network sleep mode. After a node enters sleep mode, it waits for outside events, such as 
switch or sensor inputs or network traffic to bring it out of network sleep mode. If the node using the SLIC 
module is awakened by a source other than network traffic, such as a switch input, the LIN specification 
requires this node to issue a wake-up signal to the rest of the network. The SLIC module supports this 
feature using WAKETX in SLCC2. The user software may set this bit and one LIN wake-up signal is 
immediately transmitted on the bus, then the bit is automatically cleared by the SLIC module. If another 
wake-up signal is required to be sent, the user must set WAKETX again.

In a LIN system, the LIN physical interface can often also provide an output to the IRQ pin to provide a 
wake-up mechanism on network activity. The physical layer might also control voltage regulation supply 
to the MCU, cutting power to the MCU when the physical layer is placed in its low-power mode. The user 
must take care to ensure that the interaction between the physical layer, IRQ pin, SLIC transmit and 
receive pins, and power supply regulator is fully understood and designed to ensure proper operation.

14.9.12  Polling Operation

It is possible to operate the SLIC module in polling mode, if desired. The primary difference is that the 
SLIC interrupt request should not be enabled (SLCIE = 0).   The SLCSV will update and operate properly 
and interrupt requests will be indicated with the SLCF flag, which can be polled to determine status 
changes in the SLIC module. It is required that the polling rate be fast enough to ensure that SLIC status 
changes be recognized and processed in time to ensure that all application timings can be met.

14.9.13  LIN Data In tegrity Checking Methods

The SLIC module supports two different LIN-based data integrity options:
� The first option supports LIN 1.3 and older methods of checksum calculations. 
� The second option supports an optional additional enhanced checksum calculation which has 

greater data integrity coverage.

The LIN 1.3 and earlier specifications transmit a checksum byte in the �CHECKSUM FIELD� of the LIN 
message frame. This CHECKSUM FIELD contains the inverted modulo-256 sum over all data bytes. The 
sum is calculated by an �ADD with Carry� where the carry bit of each addition is added to the least 
significant bit (LSB) of its resulting sum. This guarantees security also for the MSBs of the data bytes. The 
sum of modulo-256 sum over all data bytes and the checksum byte must be �0xFF�.

An optional checksum calculation can also be performed on a LIN data frame which is very similar to the 
LIN 1.3 calculation, but with one important distinction. This enhanced calculation simply includes the 
identifier field as the first value in the calculation, whereas the LIN 1.3 calculation begins with the least 
significant byte of the data field (which is the first byte to be transmitted on the bus). This enhanced 
calculation further ensures that the identifier field is correct and ties the identifier and data together under 
a common calculation, ensuring greater reliability.

In the SLIC module, either checksum calculation can be performed on any given message frame by 
simply writing or clearing CHKMOD in SLCDLC, as desired, when the identifier for the message frame is 
decoded. The appropriate calculation for each message frame should be decided at system design time 
and documented in the LIN description file, indicating to the user which calculation to use for a particular 
identifier.
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Timer Interface Module (TIM)
MSxA — Mode Select Bit A
When ELSxB:A ≠ 00, this read/write bit selects either input capture operation or unbuffered output 
compare/PWM operation. See Table 15-2.

1 = Unbuffered output compare/PWM operation
0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level of the TCHx pin (see Table 15-2). 
1 = Initial output level low
0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set 
the TSTOP and TRST bits in the TIM status and control register (TSC).

ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic 
on channel x.

When channel x is an output compare channel, ELSxB and ELSxA control the channel x output 
behavior when an output compare occurs.

When ELSxB and ELSxA are both clear, channel x is not connected to an I/O port, and pin TCHx is 
available as a general-purpose I/O pin. Table 15-2 shows how ELSxB and ELSxA work.

NOTE
After initially enabling a TIM channel register for input capture operation 
and selecting the edge sensitivity, clear CHxF to ignore any erroneous 
edge detection flags.

TOVx — Toggle-On-Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel 
x output when the counter overflows. When channel x is an input capture channel, TOVx has no effect.

1 = Channel x pin toggles on TIM counter overflow.
0 = Channel x pin does not toggle on TIM counter overflow.

NOTE
When TOVx is set, a counter overflow takes precedence over a channel x 
output compare if both occur at the same time.

Table 15-2. Mode, Edge, and Level Selection

MSxB MSxA ELSxB ELSxA Mode Configuration

X 0 0 0
Output preset

Pin under port control; initial output level high

X 1 0 0 Pin under port control; initial output level low

0 0 0 1

Input capture

Capture on rising edge only

0 0 1 0 Capture on falling edge only

0 0 1 1 Capture on rising or falling edge

0 1 0 0

Output compare 
or PWM

Software compare only

0 1 0 1 Toggle output on compare

0 1 1 0 Clear output on compare

0 1 1 1 Set output on compare

1 X 0 1 Buffered output 
compare or 

buffered PWM

Toggle output on compare

1 X 1 0 Clear output on compare

1 X 1 1 Set output on compare
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