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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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• Input/Output
– 57 GPIOs including one output-only pin
– Two 8-bit keyboard interrupt modules (KBI)
– Two true open-drain output pins
– Eight, ultra-high current sink pins supporting 20 mA source/sink current

• Package options
– 64-pin LQFP; 64-pin QFP
– 48-pin LQFP
– 44-pin LQFP
– 32-pin LQFP
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Ordering parts

1.1 Determining valid orderable parts

Valid orderable part numbers are provided on the web. To determine the orderable part
numbers for this device, go to www.freescale.com and perform a part number search for
the following device numbers: PA60 and PA32.

Part identification

2.1 Description

Part numbers for the chip have fields that identify the specific part. You can use the
values of these fields to determine the specific part you have received.

2.2 Format

Part numbers for this device have the following format:

MC 9 S08 PA AA B CC

2.3 Fields

This table lists the possible values for each field in the part number (not all combinations
are valid):

Field Description Values

MC Qualification status • MC = fully qualified, general market flow

9 Memory

S08 Core • S08 = 8-bit CPU

PA Device family • PA

AA Approximate flash size in KB • 60 = 60 KB
• 32 = 32 KB

B Temperature range (°C) • V = –40 to 105

Table continues on the next page...
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Table 2. DC characteristics (continued)

Symbol C Descriptions Min Typical1 Max Unit

VIH P Input high
voltage

All digital inputs VDD>4.1V 0.70 × VDD — — V

VDD>2.7V 0.85 × VDD — —

VIL P Input low
voltage

All digital inputs VDD>4.1V — — 0.35 × VDD V

VDD>2.7V — — 0.30 × VDD

Vhys C Input
hysteresis

All digital inputs — 0.06 × VDD — — mV

|IIn| P Input leakage
current

All input only pins
(per pin)

VIN = VDD or
VSS

— 0.1 1 µA

|IOZ| P Hi-Z (off-
state) leakage

current

All input/output (per
pin)

VIN = VDD or
VSS

— 0.1 1 µA

|IOZTOT| C Total leakage
combined for
all inputs and

Hi-Z pins

All input only and I/O VIN = VDD or
VSS

— — 2 µA

RPU P Pullup
resistors

All digital inputs,
when enabled (all I/O
pins other than PTA5/

IRQ/TCLK/RESET

— 17.5 — 52.5 kΩ

RPU
3 P Pullup

resistors
PTA5/IRQ/TCLK/

RESET
— 17.5 — 52.5 kΩ

IIC D DC injection
current4, 5, 6

Single pin limit VIN < VSS,
VIN > VDD

-0.2 — 2 mA

Total MCU limit,
includes sum of all

stressed pins

-5 — 25

CIn C Input capacitance, all pins — — — 8 pF

VRAM C RAM retention voltage — 2.0 — — V

1. Typical values are measured at 25 °C. Characterized, not tested.
2. Only PTB4, PTB5, PTD0, PTD1, PTE0, PTE1, PTH0, and PTH1 support ultra high current output.
3. The specified resistor value is the actual value internal to the device. The pullup value may appear higher when measured

externally on the pin.
4. All functional non-supply pins, except for PTA5, are internally clamped to VSS and VDD.
5. Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,

calculate resistance values for positive and negative clamp voltages, then use the large one.
6. Power supply must maintain regulation within operating VDD range during instantaneous and operating maximum current

conditions. If the positive injection current (VIn > VDD) is higher than IDD, the injection current may flow out of VDD and could
result in external power supply going out of regulation. Ensure that external VDD load will shunt current higher than
maximum injection current when the MCU is not consuming power, such as no system clock is present, or clock rate is
very low (which would reduce overall power consumption).

Table 3. LVD and POR Specification

Symbol C Description Min Typ Max Unit

VPOR D POR re-arm voltage1 1.5 1.75 2.0 V

VLVDH C Falling low-voltage detect
threshold - high range (LVDV

= 1)2

4.2 4.3 4.4 V

Table continues on the next page...
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Table 3. LVD and POR Specification (continued)

Symbol C Description Min Typ Max Unit

VLVW1H C Falling low-
voltage
warning

threshold -
high range

Level 1 falling
(LVWV = 00)

4.3 4.4 4.5 V

VLVW2H C Level 2 falling
(LVWV = 01)

4.5 4.5 4.6 V

VLVW3H C Level 3 falling
(LVWV = 10)

4.6 4.6 4.7 V

VLVW4H C Level 4 falling
(LVWV = 11)

4.7 4.7 4.8 V

VHYSH C High range low-voltage
detect/warning hysteresis

— 100 — mV

VLVDL C Falling low-voltage detect
threshold - low range (LVDV =

0)

2.56 2.61 2.66 V

VLVDW1L C Falling low-
voltage
warning

threshold -
low range

Level 1 falling
(LVWV = 00)

2.62 2.7 2.78 V

VLVDW2L C Level 2 falling
(LVWV = 01)

2.72 2.8 2.88 V

VLVDW3L C Level 3 falling
(LVWV = 10)

2.82 2.9 2.98 V

VLVDW4L C Level 4 falling
(LVWV = 11)

2.92 3.0 3.08 V

VHYSDL C Low range low-voltage detect
hysteresis

— 40 — mV

VHYSWL C Low range low-voltage
warning hysteresis

— 80 — mV

VBG P Buffered bandgap output 3 1.14 1.16 1.18 V

1. Maximum is highest voltage that POR is guaranteed.
2. Rising thresholds are falling threshold + hysteresis.
3. voltage Factory trimmed at VDD = 5.0 V, Temp = 25 °C

Nonswitching electrical specifications
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Table 4. Supply current characteristics (continued)

Num C Parameter Symbol Bus Freq VDD (V) Typical1 Max Unit Temp

7 C ADC adder to stop3

ADLPC = 1

ADLSMP = 1

ADCO = 1

MODE = 10B

ADICLK = 11B

— — 5 44 — µA -40 to 105 °C

C 3 40 —

8 C LVD adder to stop34 — — 5 130 — µA -40 to 105 °C

C 3 125 —

1. Data in Typical column was characterized at 5.0 V, 25 °C or is typical recommended value.
2. RTC adder cause <1 µA IDD increase typically, RTC clock source is 1 kHz LPO clock.
3. ACMP adder cause <1 µA IDD increase typically.
4. LVD is periodically woken up from stop3 by 5% duty cycle. The period is equal to or less than 2 ms.

5.1.3 EMC performance

Electromagnetic compatibility (EMC) performance is highly dependant on the
environment in which the MCU resides. Board design and layout, circuit topology
choices, location and characteristics of external components as well as MCU software
operation all play a significant role in EMC performance. The system designer should
consult Freescale applications notes such as AN2321, AN1050, AN1263, AN2764, and
AN1259 for advice and guidance specifically targeted at optimizing EMC performance.

Switching specifications

5.2.1 Control timing
Table 5. Control timing

Num C Rating Symbol Min Typical1 Max Unit

1 P Bus frequency (tcyc = 1/fBus) fBus DC — 20 MHz

2 P Internal low power oscillator frequency fLPO 0.67 1.0 1.25 KHz

3 D External reset pulse width textrst 1.5 ×

tSelf_reset

— — ns

4 D Reset low drive trstdrv 34 × tcyc — — ns

5 D BKGD/MS setup time after issuing background
debug force reset to enter user or BDM modes

tMSSU 500 — — ns

6 D BKGD/MS hold time after issuing background
debug force reset to enter user or BDM modes3

tMSH 100 — — ns

Table continues on the next page...

5.2

Switching specifications
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Table 8. Thermal characteristics (continued)

Rating Symbol Value Unit

Thermal resistance four-layer board

64-pin LQFP θJA 53 °C/W

64-pin QFP θJA 47 °C/W

48-pin LQFP θJA 57 °C/W

44-pin LQFP θJA 53 °C/W

32-pin LQFP θJA 57 °C/W

The average chip-junction temperature (TJ) in °C can be obtained from:

TJ = TA + (PD × θJA)

Where:

TA = Ambient temperature, °C

θJA = Package thermal resistance, junction-to-ambient, °C/W

PD = Pint + PI/O

Pint = IDD × VDD, Watts - chip internal power

PI/O = Power dissipation on input and output pins - user determined

For most applications, PI/O << Pint and can be neglected. An approximate relationship
between PD and TJ (if PI/O is neglected) is:

PD = K ÷ (TJ + 273 °C)

Solving the equations above for K gives:

K = PD × (TA + 273 °C) + θJA × (PD)2

where K is a constant pertaining to the particular part. K can be determined by measuring
PD (at equilibrium) for an known TA. Using this value of K, the values of PD and TJ can
be obtained by solving the above equations iteratively for any value of TA.

6 Peripheral operating requirements and behaviors

Peripheral operating requirements and behaviors
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6.1 External oscillator (XOSC) and ICS characteristics
Table 9. XOSC and ICS specifications (temperature range = -40 to 105 °C ambient)

Num C Characteristic Symbol Min Typical1 Max Unit

1 C Oscillator
crystal or
resonator

Low range (RANGE = 0) flo 32 — 40 kHz

C High range (RANGE = 1)
FEE or FBE mode

fhi 4 — 20 MHz

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

FBELP mode

fhi 4 — 20 MHz

C High range (RANGE = 1),
low power (HGO = 0),

FBELP mode

fhi 4 — 20 MHz

2 D Load capacitors C1, C2 See Note3

3 D Feedback
resistor

Low Frequency, Low-Power
Mode

RF — — — MΩ

Low Frequency, High-Gain
Mode

— 10 — MΩ

High Frequency, Low-
Power Mode

— 1 — MΩ

High Frequency, High-Gain
Mode

— 1 — MΩ

4 D Series resistor -
Low Frequency

Low-Power Mode 4 RS — — — kΩ

High-Gain Mode — 200 — kΩ

5 D Series resistor -
High Frequency

Low-Power Mode4 RS — — — kΩ

D Series resistor -
High

Frequency,
High-Gain Mode

4 MHz — 0 — kΩ

D 8 MHz — 0 — kΩ

D 16 MHz — 0 — kΩ

6 C Crystal start-up
time Low range
= 32.768 KHz
crystal; High

range = 20 MHz
crystal, 6

Low range, low power tCSTL — 1000 — ms

C Low range, high power — 800 — ms

C High range, low power tCSTH — 3 — ms

C High range, high power — 1.5 — ms

7 T Internal reference start-up time tIRST — 20 50 µs

8 D Square wave
input clock
frequency

FEE or FBE mode2 fextal 0.03125 — 5 MHz

D FBELP mode 0 — 20 MHz

9 P Average internal reference frequency -
trimmed

fint_t — 32.768 — kHz

10 P DCO output frequency range - trimmed fdco_t 16 — 20 MHz

11 P Total deviation
of DCO output
from trimmed
frequency5

Over full voltage and
temperature range

Δfdco_t — — ±2.0 %fdco

C Over fixed voltage and
temperature range of 0 to

70 °C

±1.0

12 C FLL acquisition time5, 7 tAcquire — — 2 ms

Table continues on the next page...

Peripheral operating requirements and behaviors
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Table 10. Flash characteristics (continued)

C Characteristic Symbol Min1 Typical2 Max3 Unit4

D NVM Bus frequency fNVMBUS 1 — 25 MHz

D NVM Operating frequency fNVMOP 0.8 — 1.05 MHz

D Erase Verify All Blocks tVFYALL — — 17030 tcyc

D Erase Verify Flash Block tRD1BLK — — 16977 tcyc

D Erase Verify EEPROM Block tRD1BLK — — 843 tcyc

D Erase Verify Flash Section tRD1SEC — — 517 tcyc

D Erase Verify EEPROM Section tDRD1SEC 0.10 0.10 0.11 ms

D Read Once tRDONCE — — 455 tcyc

D Program Flash (2 word) tPGM2 0.12 0.12 0.14 ms

D Program Flash (4 word) tPGM4 0.20 0.21 0.24 ms

D Program Once tPGMONCE 0.20 0.21 0.24 ms

D Program EEPROM (1 Byte) tDPGM1 0.02 0.02 0.02 ms

D Program EEPROM (2 Byte) tDPGM2 0.17 0.18 0.20 ms

D Erase All Blocks tERSALL 96.01 100.78 125.80 ms

D Erase Flash Block tERSBLK 95.98 100.75 125.76 ms

D Erase Flash Sector tERSPG 19.10 20.05 25.05 ms

D Erase EEPROM Sector tDERSPG 4.81 5.05 6.30 ms

D Unsecure Flash tUNSECU 96.01 100.78 125.80 ms

D Verify Backdoor Access Key tVFYKEY — — 469 tcyc

D Set User Margin Level tMLOADU — — 442 tcyc

C FLASH Program/erase endurance TL to
TH = -40 °C to 105 °C

nFLPE 10 k 100 k — Cycles

C EEPROM Program/erase endurance TL
to TH = -40 °C to 105 °C

nFLPE 50 k 500 k — Cycles

C Data retention at an average junction
temperature of TJavg = 85°C after up to

10,000 program/erase cycles

tD_ret 15 100 — years

1. Minimun times are based on maxmum fNVMOP and maximum fNVMBUS
2. Typical times are based on typical fNVMOP and maximum fNVMBUS
3. Maximum times are based on minimum fNVMOP and maximum fNVMBUS
4. tcyc = 1 / fNVMBUS

Program and erase operations do not require any special power sources other than the
normal VDD supply. For more detailed information about program/erase operations, see
the Memory section.

6.3 Analog

Peripheral operating requirements and behaviors
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Figure 12. ADC input impedance equivalency diagram

Table 12. 12-bit ADC Characteristics (VREFH = VDDA, VREFL = VSSA)

Characteristic Conditions C Symb Min Typ1 Max Unit

Supply current

ADLPC = 1

ADLSMP = 1

ADCO = 1

T IDDA — 133 — µA

Supply current

ADLPC = 1

ADLSMP = 0

ADCO = 1

T IDDA — 218 — µA

Supply current

ADLPC = 0

ADLSMP = 1

ADCO = 1

T IDDA — 327 — µA

Supply current

ADLPC = 0

ADLSMP = 0

ADCO = 1

T IDDAD — 582 990 µA

Supply current Stop, reset, module
off

T IDDA — 0.011 1 µA

Table continues on the next page...
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Table 14. SPI master mode timing (continued)

Nu
m.

Symbol Description Min. Max. Unit Comment

10 tRI Rise time input — tBus - 25 ns —

tFI Fall time input

11 tRO Rise time output — 25 ns —

tFO Fall time output
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Figure 13. SPI master mode timing (CPHA=0)
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Figure 14. SPI master mode timing (CPHA=1)
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Table 15. SPI slave mode timing

Nu
m.

Symbol Description Min. Max. Unit Comment

1 fop Frequency of operation 0 fBus/4 Hz fBus is the bus clock as
defined in .

2 tSPSCK SPSCK period 4 x tBus — ns tBus = 1/fBus

3 tLead Enable lead time 1 — tBus —

4 tLag Enable lag time 1 — tBus —

5 tWSPSCK Clock (SPSCK) high or low time tBus - 30 — ns —

6 tSU Data setup time (inputs) 15 — ns —

7 tHI Data hold time (inputs) 25 — ns —

8 ta Slave access time — tBus ns Time to data active from
high-impedance state

9 tdis Slave MISO disable time — tBus ns Hold time to high-
impedance state

10 tv Data valid (after SPSCK edge) — 25 ns —

11 tHO Data hold time (outputs) 0 — ns —

12 tRI Rise time input — tBus - 25 ns —

tFI Fall time input

13 tRO Rise time output — 25 ns —

tFO Fall time output
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Figure 15. SPI slave mode timing (CPHA = 0)
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1. This is a high current drive pin when operated as output.
2. This is a true open-drain pin when operated as output.

Note

When an alternative function is first enabled, it is possible to
get a spurious edge to the module. User software must clear any
associated flags before interrupts are enabled. The table above
illustrates the priority if multiple modules are enabled. The
highest priority module will have control over the pin. Selecting
a higher priority pin function with a lower priority function
already enabled can cause spurious edges to the lower priority
module. Disable all modules that share a pin before enabling
another module.

Pinout
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8.2 Device pin assignment
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Pins in bold  are  not  available on less pi n-count packages.
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Pins in bold  are  not  available on less pi n-count packages.
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Figure 20. MC9S08PA60 32-pin LQFP package
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