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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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  Document Revision History

Version History Description of Change

Rev. 16 Added revision history.
Added this text to footnote 2 in Table 3-8: “However, the high pulse width does not have to 
be any particular percent of the low pulse width.”
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• Up to 40 MIPS at 80MHz core frequency
• DSP and MCU functionality in a unified, 

C-efficient architecture
• Hardware DO and REP loops
• MCU-friendly instruction set supports both DSP 

and controller functions: MAC, bit manipulation 
unit, 14 addressing modes

• 31.5K × 16-bit words (64KB) Program Flash 
• 512 × 16-bit words (1KB) Program RAM
• 4K × 16-bit words (8KB) Data Flash
• 2K × 16-bit words (4KB) Data RAM
• 2K × 16-bit words (4KB) Boot Flash
• Up to 64K × 16-bit words (128KB) each of external 

Program and Data memory

• Two 6-channel PWM Modules
• Two 4-channel, 12-bit ADCs
• Two Quadrature Decoders
• CAN 2.0 B Module
• Two Serial Communication Interfaces (SCIs)
• Serial Peripheral Interface (SPI)
• Up to four General Purpose Quad Timers

• JTAG/OnCETM port for debugging
• 14 Dedicated and 18 Shared GPIO lines
• 144-pin LQFP Package

*includes TCS pin which is reserved for factory use and is tied to VSS

56F805 General Description
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Notes:

1. Theta-JA determined on 2s2p test boards is frequently lower than would be observed in an application. 
Determined on 2s2p thermal test board.

2. Junction to ambient thermal resistance, Theta-JA (RθJA) was simulated to be equivalent to the JEDEC 
specification JESD51-2 in a horizontal configuration in natural convection. Theta-JA was also simulated on 
a thermal test board with two internal planes (2s2p where “s” is the number of signal layers and “p” is the 
number of planes) per JESD51-6 and JESD51-7. The correct name for Theta-JA for forced convection or with 
the non-single layer boards is Theta-JMA.

3. Junction to case thermal resistance, Theta-JC (RθJC ), was simulated to be equivalent to the measured values 
using the cold plate technique with the cold plate temperature used as the “case” temperature. The basic cold 
plate measurement technique is described by MIL-STD 883D, Method 1012.1. This is the correct thermal 
metric to use to calculate thermal performance when the package is being used with a heat sink.

Voltage difference VDD to VDDA ΔVDD -0.1 - 0.1 V

Voltage difference VSS to VSSA ΔVSS -0.1 - 0.1 V

ADC reference voltage VREF 2.7 – VDDA V

Ambient operating temperature TA –40 – 85 °C

Table 3-3 Thermal Characteristics6

Characteristic Comments Symbol
Value

Unit Notes
144-pin LQFP

Junction to ambient 
Natural convection

RθJA 47.1 °C/W 2

Junction to ambient (@1m/sec) RθJMA 43.8 °C/W 2

Junction to ambient 
Natural convection

Four layer board 
(2s2p)

RθJMA
(2s2p)

40.8 °C/W 1,2

Junction to ambient (@1m/sec) Four layer board 
(2s2p)

RθJMA 39.2 °C/W 1,2

Junction to case RθJC 11.8 °C/W 3

Junction to center of case ΨJT 1 °C/W 4, 5

I/O pin power dissipation P I/O User Determined W

Power dissipation P D P D = (IDD x VDD + P I/O) W

Junction to center of case PDMAX (TJ - TA) /RθJA W 7

Table 3-2 Recommended Operating Conditions

Characteristic Symbol Min Typ Max Unit
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Output Low Voltage (at IOL) VOL — — 0.4 V

Output source current IOH 4 — — mA

Output sink current IOL 4 — — mA

PWM pin output source current3 IOHP 10 — — mA

PWM pin output sink current4 IOLP 16 — — mA

Input capacitance CIN — 8 — pF

Output capacitance COUT — 12 — pF

VDD supply current IDDT
5

Run 6 — 126 152 mA

Wait7 — 105 129 mA

Stop — 60 84 mA

Low Voltage Interrupt, external power supply8 VEIO 2.4 2.7 3.0 V

Low Voltage Interrupt, internal power supply9 VEIC 2.0 2.2 2.4 V

Power on Reset10 VPOR — 1.7 2.0 V

1. Schmitt Trigger inputs are: EXTBOOT, IRQA, IRQB, RESET, ISA0-2, FAULTA0-3, ISB0-2, FAULT0B-3, TCS, TCK, TRST, TMS,
TDI, and MSCAN_RX

2. Analog inputs are: ANA[0:7], XTAL and EXTAL. Specification assumes ADC is not sampling.

3. PWM pin output source current measured with 50% duty cycle.

4. PWM pin output sink current measured with 50% duty cycle.

5. IDDT = IDD + IDDA (Total supply current for VDD + VDDA)

6. Run (operating) IDD measured using 8MHz clock source. All inputs 0.2V from rail; outputs unloaded. All ports configured as inputs;
measured with all modules enabled. 

7. Wait IDD measured using external square wave clock source (fosc = 8MHz) into XTAL; all inputs 0.2V from rail; no DC loads; less
than 50pF on all outputs. CL = 20pF on EXTAL; all ports configured as inputs; EXTAL capacitance linearly affects wait IDD; measured
with PLL enabled.

8. This low voltage interrupt monitors the VDDA external power supply. VDDA is generally connected to the same potential as VDD
via separate traces. If VDDA drops below VEIO, an interrupt is generated. Functionality of the device is guaranteed under transient
conditions when VDDA>VEIO (between the minimum specified VDD and the point when the VEIO interrupt is generated).

9. This low voltage interrupt monitors the internally regulated core power supply. If the output from the internal voltage is regulator
drops below VEIC, an interrupt is generated. Since the core logic supply is internally regulated, this interrupt will not be generated
unless the external power supply drops below the minimum specified value (3.0V).

10. Power–on reset occurs whenever the internally regulated 2.5V digital supply drops below 1.5V typical. While power is ramping
up, this signal remains active as long as the internal 2.5V is below 1.5V typical, no matter how long the ramp-up rate is. The internally
regulated voltage is typically 100mV less than VDD during ramp-up until 2.5V is reached, at which time it self-regulates.

Table 3-4  DC Electrical Characteristics (Continued)
Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6 V, TA = –40° to +85°C, CL ≤ 50pF, fop = 80MHz

Characteristic Symbol Min Typ Max Unit
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Figure 3-1 Maximum Run IDD vs. Frequency (see Note 6. in Figure 3-14)

3.3   AC Electrical Characteristics
Timing waveforms in Section 3.3 are tested using the VIL and VIH levels specified in the DC Characteristics
table. In Figure 3-2 the levels of VIH and VIL for an input signal are shown.

Figure 3-2 Input Signal Measurement References

Figure 3-3 shows the definitions of the following signal states:

• Active state, when a bus or signal is driven, and enters a low impedance state
• Tri-stated, when a bus or signal is placed in a high impedance state
• Data Valid state, when a signal level has reached VOL or VOH

• Data Invalid state, when a signal level is in transition between VOL and VOH
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Figure 3-4 Flash Program Cycle

Figure 3-5 Flash Erase Cycle
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Figure 3-6 Flash Mass Erase Cycle

3.5   External Clock Operation
The 56F805 system clock can be derived from a crystal or an external system clock signal. To generate a
reference frequency using the internal oscillator, a reference crystal must be connected between the
EXTAL and XTAL pins. 

3.5.1 Crystal Oscillator
The internal oscillator is also designed to interface with a parallel-resonant crystal resonator in the
frequency range specified for the external crystal in Table 3-9. In Figure 3-7 a recommended crystal
oscillator circuit is shown. Follow the crystal supplier’s recommendations when selecting a crystal,
because crystal parameters determine the component values required to provide maximum stability and
reliable start-up. The crystal and associated components should be mounted as close as possible to the
EXTAL and XTAL pins to minimize output distortion and start-up stabilization time. The internal 56F80x
oscillator circuitry is designed to have no external load capacitors present. As shown in Figure 3-8, no
external load capacitors should be used. 

The 56F80x components internally are modeled as a parallel resonant oscillator circuit to provide a
capacitive load on each of the oscillator pins (XTAL and EXTAL) of 10pF to 13pF over temperature and
process variations. Using a typical value of internal capacitance on these pins of 12pF and a value of 3pF
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as a typical circuit board trace capacitance the parallel load capacitance presented to the crystal is 9pF as
determined by the following equation: 

This is the value load capacitance that should be used when selecting a crystal and determining the actual
frequency of operation of the crystal oscillator circuit. 

Figure 3-7 Connecting to a Crystal Oscillator

3.5.2 Ceramic Resonator
It is also possible to drive the internal oscillator with a ceramic resonator, assuming the overall system
design can tolerate the reduced signal integrity. In Figure 3-8, a typical ceramic resonator circuit is shown.
Refer to supplier’s recommendations when selecting a ceramic resonator and associated components. The
resonator and components should be mounted as close as possible to the EXTAL and XTAL pins. The
internal 56F80x oscillator circuitry is designed to have no external load capacitors present. As shown in
Figure 3-7 no external load capacitors should be used.

Figure 3-8 Connecting a Ceramic Resonator

Note: Freescale recommends only two terminal ceramic resonators vs. three terminal resonators
(which contain an internal bypass capacitor to ground).

CL = 
CL1 * CL2

CL1 + CL2
+ Cs = + 3 = 6 + 3 = 9pF

12 * 12

12 + 12

Recommended External Crystal 
Parameters:
Rz = 1 to 3 MΩ
fc = 8MHz (optimized for 8MHz)

EXTAL XTAL
Rz

fc

Recommended Ceramic Resonator 
Parameters:
Rz = 1 to 3 MΩ
fc = 8MHz (optimized for 8MHz)

EXTAL XTAL
Rz

fc
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3.5.3 External Clock Source
The recommended method of connecting an external clock is given in Figure 3-9. The external clock
source is connected to XTAL and the EXTAL pin is grounded.

Figure 3-9 Connecting an External Clock Signal

Figure 3-10 External Clock Timing

Table 3-8 External Clock Operation Timing  Requirements3

Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6V, TA = –40° to +85°C

Characteristic Symbol Min Typ Max Unit

Frequency of operation (external clock driver)1

1. See Figure 3-9 for details on using the recommended connection of an external clock driver.

fosc 0 — 80 MHz

Clock Pulse Width2, 5

2. The high or low pulse width must be no smaller than 6.25ns or the chip will not function. However, the high pulse width
does not have to be any particular percent of the low pulse width.

3. Parameters listed are guaranteed by design.

tPW 6.25 — — ns

56F805
XTAL EXTAL

External VSS
Clock

External
Clock

VIH 

VIL

Note: The midpoint is VIL + (VIH – VIL)/2. 

90%
50%
10%

90%
50%
10% tPW tPW
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3.5.4 Phase Locked Loop Timing

Table 3-9 PLL Timing
Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6V, TA = –40° to +85°C

Characteristic Symbol Min Typ Max Unit

External reference crystal frequency for the PLL1

1. An externally supplied reference clock should be as free as possible from any phase jitter for the PLL to work 
correctly. The PLL is optimized for 8MHz input crystal.

fosc 4 8 10 MHz

PLL output frequency2 

2. ZCLK may not exceed 80MHz. For additional information on ZCLK and fout/2, please refer to the OCCS chapter in the
User Manual. ZCLK = fop

fout/2 40 — 110 MHz

PLL stabilization time 3 0o to +85oC

3. This is the minimum time required after the PLL set-up is changed to ensure reliable operation.

tplls — 1 10 ms

PLL stabilization time3 -40o to 0oC tplls — 100 200 ms
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3.7   Reset, Stop, Wait, Mode Select, and Interrupt Timing

Table 3-11 Reset, Stop, Wait, Mode Select, and Interrupt Timing1, 6

Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6 V, TA = –40° to +85°C, CL ≤ 50pF

1. In the formulas, T = clock cycle. For an operating frequency of 80MHz, T = 12.5ns.

Characteristic Symbol Min  Max Unit See Figure

RESET Assertion to Address, Data and Control 
Signals High Impedance

tRAZ — 21 ns Figure 3-12

Minimum RESET Assertion Duration2 
OMR Bit 6 = 0
OMR Bit 6 = 1

2. Circuit stabilization delay is required during reset when using an external clock or crystal oscillator in two cases:
• After power-on reset
• When recovering from Stop state

tRA
275,000T

128T
—
—

ns
ns

Figure 3-12

RESET Deassertion to First External Address Output tRDA 33T 34T ns Figure 3-12

Edge-sensitive Interrupt Request Width tIRW 1.5T — ns Figure 3-13

IRQA, IRQB Assertion to External Data Memory 
Access Out Valid, caused by first instruction 
execution in the interrupt service routine

tIDM 15T — ns Figure 3-14

IRQA, IRQB Assertion to General Purpose Output 
Valid, caused by first instruction execution in the 
interrupt service routine

tIG 16T — ns Figure 3-14

IRQA Low to First Valid Interrupt Vector Address Out 
recovery from Wait State3

3. The minimum is specified for the duration of an edge-sensitive IRQA interrupt required to recover from the Stop state. This is
not the minimum required so that the IRQA interrupt is accepted.

tIRI 13T — ns Figure 3-15

IRQA Width Assertion to Recover from Stop State4

4. The interrupt instruction fetch is visible on the pins only in Mode 3.

tIW 2T — ns Figure 3-16

Delay from IRQA Assertion to Fetch of first instruction 
(exiting Stop) 
OMR Bit 6 = 0
OMR Bit 6 = 1

tIF

—
—

275,000T
12T

ns
ns

Figure 3-16

Duration for Level Sensitive IRQA Assertion to Cause 
the Fetch of First IRQA Interrupt Instruction (exiting 
Stop)
OMR Bit 6 = 0
OMR Bit 6 = 1

tIRQ

—
—

275,000T
12T

ns
ns

Figure 3-17

Delay from Level Sensitive IRQA Assertion to First 
Interrupt Vector Address Out Valid (exiting Stop)
OMR Bit 6 = 0
OMR Bit 6 = 1

tII

—
—

275,000T
12T

ns
ns

Figure 3-17

RSTO pulse width5

normal operation
internal reset mode

5. ET = External Clock period, For an external crystal frequency of 8MHz, ET=125ns.

6. Parameters listed are guaranteed by design.

tRSTO
63ET

2,097,151ET
ns
ns

Figure 3-18
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Figure 3-15 Interrupt from Wait State Timing

Figure 3-16 Recovery from Stop State Using Asynchronous Interrupt Timing

Figure 3-17 Recovery from Stop State Using IRQA Interrupt Service

Figure 3-18 Reset Output Timing
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3.8   Serial Peripheral Interface (SPI) Timing

Table 3-12 SPI Timing1

Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6 V, TA = –40° to +85°C, CL ≤ 50pF, fOP = 80MHz

1. Parameters listed are guaranteed by design.

Characteristic Symbol Min Max Unit See Figure

Cycle time
Master
Slave

tC
50
25

—
—

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Enable lead time
Master
Slave

tELD
—
25

—
—

ns
ns

Figure 3-22

Enable lag time
Master
Slave

tELG
—

100
—
—

ns
ns

Figure 3-22

Clock (SCLK) high time
Master 
Slave 

tCH
17.6
12.5

—
—

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Clock (SCLK) low time
Master 
Slave 

tCL
24.1
25

—
—

ns
ns

Figure 3-22

Data set-up time required for inputs
Master 
Slave 

tDS
20
0

—
—

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Data hold time required for inputs
Master 
Slave 

tDH
0
2

—
—

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Access time (time to data active from 
high-impedance state)
Slave 

tA
4.8 15 ns

Figure 3-22

Disable time (hold time to high-impedance state)
Slave 

tD
3.7 15.2 ns

Figure 3-22

Data Valid for outputs
Master
Slave (after enable edge)

tDV
—
—

4.5
20.4

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Data invalid 
Master
Slave

tDI
0
0

—
—

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Rise time
Master 
Slave 

tR
—
—

11.5
10.0

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22

Fall time 
Master 
Slave 

tF
—
—

9.7
9.0

ns
ns

Figures 
3-19, 3-20, 
3-21, 3-22
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Figure 3-21 SPI Slave Timing (CPHA = 0)

Figure 3-22 SPI Slave Timing (CPHA = 1)
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1. Parasitic capacitance due to package, pin to pin, and pin to package base coupling. (1.8pf)

2. Parasitic capacitance due to the chip bond pad, ESD protection devices and signal routing.   (2.04pf)

3. Equivalent resistance for the ESD isolation resistor and the channel select mux. (500 ohms) 

4. Sampling capacitor at the sample and hold circuit. (1pf)

Figure 3-27 Equivalent Analog Input Circuit

3.13   Controller Area Network (CAN) Timing

ADC Quiescent Current (both ADCs) IADC — 50 — mA

VREF Quiescent Current (both ADCs) IVREF — 12 16.5 mA

1. For optimum ADC performance, keep the minimum VADCIN value > 25mV. Inputs less than 25mV may convert to a digital
output code of 0.

2. VREF must be equal to or less than VDDA and must be greater than 2.7V. For optimal ADC performance, set VREF to VD-
DA-0.3V.

3. .Measured in 10-90% range.

4. LSB = Least Significant Bit.

5. Guaranteed by characterization.

6. tAIC = 1/fADIC

Table 3-17 CAN Timing2

Operating Conditions: VSS = VSSA = 0 V, VDD = VDDA = 3.0–3.6 V, TA = –40° to +85°C, CL ≤ 50pF, MSCAN Clock = 30MHz

Characteristic Symbol Min Max Unit

Baud Rate BRCAN — 1 Mbps

Bus Wakeup detection 1

1. If Wakeup glitch filter is enabled during the design initialization and also CAN is put into Sleep mode then, any bus event
(on MSCAN_RX pin) whose duration is less than 5 microseconds is filtered away. However, a valid CAN bus wakeup detection
takes place for a wakeup pulse equal to or greater than 5 microseconds. The number 5 microseconds originates from the fact
that the CAN wakeup message consists of 5 dominant bits at the highest possible baud rate of 1Mbps.

2. Parameters listed are guaranteed by design.

T WAKEUP 5 — us

Table 3-16 ADC Characteristics (Continued)

Characteristic Symbol Min Typ Max Unit

1 2

3

4

ADC analog input
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Figure 3-30 Test Access Port Timing Diagram

Figure 3-31 TRST Timing Diagram

Figure 3-32 OnCE—Debug Event
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Part 4  Packaging

4.1   Package and Pin-Out Information 56F805
This section contains package and pin-out information for the 144-pin LQFP configuration of the 56F805. 

Figure 4-1 Top View, 56F805 144-pin LQFP Package
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Table 4-1 56F805 Pin Identification by Pin Number

Pin 
No. Signal Name Pin 

No. Signal Name Pin 
No. Signal Name Pin 

No. Signal Name

1 D10 37 A14 73 ANA4 109 EXTBOOT

2 D11 38 A15 74 ANA5 110 RESET

3 D12 39 VSS 75 ANA6 111 DE

4 D13 40 WR 76 ANA7 112 CLKO

5 D14 41 RD 77 XTAL 113 TD0

6 D15 42 IRQA 78 EXTAL 114 TD1

7 A0 43 IRQB 79 VSSA 115 VDD

8 VDD 44 FAULTB2 80 VDDA 116 TD2

9 PWMB0 45 TCS 81 VDD 117 VSS

10 VSS 46 FAULTB3 82 VDD 118 TD3

11 PWMB1 47 TCK 83 VSS 119 RSTO

12 A1 48 TC0 84 GPIOB0 120 SS

13 PWMB2 49 TMS 85 PHASEA0 121 GPIOD3

14 A2 50 TC1 86 GPIOB1 122 MISO

15 PWMB3 51 TDI 87 PHASEB0 123 GPIOD4

16 A3 52 TXD1 88 GPIOB2 124 MOSI

17 A4 53 TDO 89 VDD 125 SCLK

18 A5 54 TRST 90 GPIOB3 126 VCAPC

19 PWMB4 55 VCAPC 91 VSS 127 GPIOD5

20 A6 56 ISA0 92 GPIOB4 128 D0

21 PWMB5 57 VDD 93 INDEX0 129 VPP

22 A7 58 ISA1 94 GPIOB5 130 D1

23 ISB0 59 VSS 95 HOME0 131 D2

24 A8 60 ISA2 96 GPIOB6 132 INDEX1

25 ISB1 61 RXD1 97 PWMA0 133 VDD

26 A9 62 FAULTA0 98 GPIOB7 134 PHASEB1

27 ISB2 63 MSCAN_TX 99 PWMA1 135 VSS

28 A10 64 FAULTA1 100 GPIOD0 136 PHASEA1

29 FAULTB0 65 MSCAN_RX 101 PWMA2 137 D3

30 A11 66 FAULTA2 102 GPIOD1 138 HOME1
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Figure 4-2 144-pin LQFP Mechanical Information

Please see www.freescale.com for the most current case outline.
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