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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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Product Status Obsolete

Core Processor S08

Core Size 8-Bit

Speed 40MHz

Connectivity I²C, SCI, SPI

Peripherals LVD, POR, PWM, WDT

Number of I/O 38

Program Memory Size 32KB (32K x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 2K x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 5.5V

Data Converters A/D 8x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 125°C (TA)

Mounting Type Surface Mount

Package / Case 48-VFQFN Exposed Pad

Supplier Device Package 48-QFN-EP (7x7)
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Chapter 2 Pins and Connections

2.2 Device Pin Assignment

K
/A

D
1P

14

D
1P

15

K
/A

D
1P

12
Figure 2-1. MC9S08AW60 Series in 64-Pin QFP/LQFP Package
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Chapter 4 Memory

iately
in

d debug
 active

or
ere
cure

to
 to
mand.
.

th
done
CU

 the
curity

tered

ry
ould
ck of
ckdoor
space

rotect,

s:
nd

next

= 1:0.
the MCU secure. During development, whenever the FLASH is erased, it is good practice to immed
program the SEC00 bit to 0 in NVOPT so SEC01:SEC00 = 1:0. This would allow the MCU to rema
unsecured after a subsequent reset.

The on-chip debug module cannot be enabled while the MCU is secure. The separate backgroun
controller can still be used for background memory access commands, but the MCU cannot enter
background mode except by holding BKGD/MS low at the rising edge of reset.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdo
security key. If the nonvolatile KEYEN bit in NVOPT/FOPT is 0, the backdoor key is disabled and th
is no way to disengage security without completely erasing all FLASH locations. If KEYEN is 1, a se
user program can temporarily disengage security by:

1. Writing 1 to KEYACC in the FCNFG register. This makes the FLASH module interpret writes
the backdoor comparison key locations (NVBACKKEY through NVBACKKEY+7) as values
be compared against the key rather than as the Þrst step in a FLASH program or erase com

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY+7 locations
These writes must be done in order starting with the value for NVBACKKEY and ending wi
NVBACKKEY+7. STHX should not be used for these writes because these writes cannot be
on adjacent bus cycles. User software normally would get the key codes from outside the M
system through a communication interface such as a serial I/O.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was just written matches
key stored in the FLASH locations, SEC01:SEC00 are automatically changed to 1:0 and se
will be disengaged until the next reset.

The security key can be written only from secure memory (either RAM or FLASH), so it cannot be en
through background commands without the cooperation of a secure user program.

The backdoor comparison key (NVBACKKEY through NVBACKKEY+7) is located in FLASH memo
locations in the nonvolatile register space so users can program these locations exactly as they w
program any other FLASH memory location. The nonvolatile registers are in the same 512-byte blo
FLASH as the reset and interrupt vectors, so block protecting that space also block protects the ba
comparison key. Block protects cannot be changed from user application programs, so if the vector
is block protected, the backdoor security key mechanism cannot permanently change the block p
security settings, or the backdoor key.

Security can always be disengaged through the background debug interface by taking these step
1. Disable any block protections by writing FPROT. FPROT can be written only with backgrou

debug commands, not from application software.
2. Mass erase FLASH if necessary.
3. Blank check FLASH. Provided FLASH is completely erased, security is disengaged until the

reset.
To avoid returning to secure mode after the next reset, program NVOPT so SEC01:SEC00
MC9S08AW60 Data Sheet, Rev 2
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Chapter 6 Parallel Input/Output
6.7.13 Port G I/O Registers (PTGD and PTGDD)

Port G parallel I/O function is controlled by the registers listed below.

7 6 5 4 3 2 1 0

R
PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGD0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-39. Port G Data Register (PTGD)

Table 6-32. PTGD Register Field Descriptions

Field Description

6:0
PTGD[6:0]

Port G Data Register Bits — For port G pins that are inputs, reads return the logic level on the pin. For port G
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 G pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTGD 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
PTGDD6 PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDD0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-40. Data Direction for Port G (PTGDD)

Table 6-33.  PTGDD Register Field Descriptions

Field Description

6:0
PTGDD[6:0]

Data Direction for Port G Bits — These read/write bits control the direction of port G pins and what is read for
PTGD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port G bit n and PTGD reads return the contents of PTGDn.
MC9S08AW60 Data Sheet, Rev 2
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Chapter 7 Central Processor Unit (S08CPUV2)
7.3 Addressing Modes
Addressing modes define the way the CPU accesses operands and data. In the HCS08, all memory, status
and control registers, and input/output (I/O) ports share a single 64-Kbyte linear address space so a 16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructions that access variables in RAM can also be used to access I/O and control registers or nonvolatile
program space.

Some instructions use more than one addressing mode. For instance, move instructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such as BRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify the location
of an operand for a test and then use relative addressing mode to specify the branch destination address
when the tested condition is true. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode is implied for the branch destination.

7.3.1 Inherent Addressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU
registers so the CPU does not need to access memory to get any operands.

7.3.2 Relative Addressing Mode (REL)

Relative addressing mode is used to specify the destination location for branch instructions. A signed 8-bit
offset value is located in the memory location immediately following the opcode. During execution, if the
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction is included in the object
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand,
the high-order byte is located in the next memory location after the opcode, and the low-order byte is
located in the next memory location after that.

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an address in the direct page
(0x0000–0x00FF). During execution a 16-bit address is formed by concatenating an implied 0x00 for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where
the desired operand is located. This is faster and more memory efficient than specifying a complete 16-bit
address for the operand.
MC9S08AW60 Data Sheet, Rev 2
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Chapter 7 Central Processor Unit (S08CPUV2)
7.5 HCS08 Instruction Set Summary
Instruction Set Summary Nomenclature

The nomenclature listed here is used in the instruction descriptions in Table 7-2.

Operators

( )  = Contents of register or memory location shown inside parentheses
← = Is loaded with (read: “gets”)
& = Boolean AND
| = Boolean OR

⊕ = Boolean exclusive-OR
× = Multiply
÷ = Divide
: = Concatenate

+ = Add
– = Negate (two’s complement)

CPU registers

A = Accumulator
CCR = Condition code register

H = Index register, higher order (most significant) 8 bits
X = Index register, lower order (least significant) 8 bits

PC = Program counter
PCH = Program counter, higher order (most significant) 8 bits
PCL = Program counter, lower order (least significant) 8 bits

SP = Stack pointer

Memory and addressing

M = A memory location or absolute data, depending on addressing mode
M:M + 0x0001= A 16-bit value in two consecutive memory locations. The higher-order (most

significant) 8 bits are located at the address of M, and the lower-order (least
significant) 8 bits are located at the next higher sequential address.

Condition code register (CCR) bits

V = Two’s complement overflow indicator, bit 7
H = Half carry, bit 4
I = Interrupt mask, bit 3

N = Negative indicator, bit 2
Z = Zero indicator, bit 1
C = Carry/borrow, bit 0 (carry out of bit 7)

CCR activity notation

– = Bit not affected
MC9S08AW60 Data Sheet, Rev 2
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)
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All TPM channels are programmable independently as input capture, output compare, or buffered
edge-aligned PWM channels.

10.3 External Signal Description

When any pin associated with the timer is conÞgured as a timer input, a passive pullup can be en
After reset, the TPM modules are disabled and all pins default to general-purpose inputs with the p
pullups disabled.

10.3.1 External TPM Clock Sources

When control bits CLKSB:CLKSA in the timer status and control register are set to 1:1, the prescale
consequently the 16-bit counter for TPMx are driven by an external clock source, TPMxCLK, conne
to an I/O pin. A synchronizer is needed between the external clock and the rest of the TPM. This
synchronizer is clocked by the bus clock so the frequency of the external source must be less than o
the frequency of the bus rate clock. The upper frequency limit for this external clock source is speciÞ
be one-fourth the bus frequency to conservatively accommodate duty cycle and phase-locked loop
or frequency-locked loop (FLL) frequency jitter effects.

On some devices the external clock input is shared with one of the TPM channels. When a TPM ch
is shared as the external clock input, the associated TPM channel cannot use the pin. (The channel
be used in output compare mode as a software timer.) Also, if one of the TPM channels is used a
external clock input, the corresponding ELSnB:ELSnA control bits must be set to 0:0 so the channel
trying to use the same pin.

10.3.2 TPMxCHn Ñ TPMx Channel n I/O Pins

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on
conÞguration of the channel. In some cases, no pin function is needed so the pin reverts to being con
by general-purpose I/O controls. When a timer has control of a port pin, the port data and data dir
registers do not affect the related pin(s). See thePins and Connectionschapter for additional information
about shared pin functions.

10.4 Register DeÞnition

The TPM includes:

¥ An 8-bit status and control register (TPMxSC)
¥ A 16-bit counter (TPMxCNTH:TPMxCNTL)
¥ A 16-bit modulo register (TPMxMODH:TPMxMODL)

Each timer channel has:

¥ An 8-bit status and control register (TPMxCnSC)
¥ A 16-bit channel value register (TPMxCnVH:TPMxCnVL)

Refer to the direct-page register summary in theMemorychapter of this data sheet for the absolute addre
assignments for all TPM registers. This section refers to registers and control bits only by their nam
MC9S08AW60 Data Sheet, Rev 2

Freescale Semiconductor 169














