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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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33.2.5 I/O Pin Characteristics

The I/O pins complies with the JEDEC LVTTL and LVCMOS specification and the high- and low-level input and output 
voltage limits reflect or exceed this specification.

Table 33-36. I/O Pin Characteristics

Notes: 1. The sum of all IOH for PORTA and PORTB must not exceed 100mA.
The sum of all IOH for PORTC, PORTD, and PORTE must for each port not exceed 200mA.
The sum of all IOH for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all IOL for pins PF[6-7] on PORTF, PORTR, and PDI must not exceed 100mA.

2. The sum of all IOL for PORTA and PORTB must not exceed 100mA.
The sum of all IOL for PORTC, PORTD, and PORTE must for each port not exceed 200mA.
The sum of all IOL for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all IOL for pins PF[6-7] on PORTF, PORTR, and PDI must not exceed 100mA.

Symbol Parameter Condition Min. Typ. Max. Units

IOH 
(1)/

IOL 
(2) I/O pin source/sink current -15 15 mA

VIH High level input voltage
VCC = 2.4 - 3.6V 0.7*Vcc VCC+0.5

V

VCC = 1.6 - 2.4V 0.8*VCC VCC+0.5

VIL Low level input voltage
VCC = 2.4 - 3.6V -0.5 0.3*VCC

VCC = 1.6 - 2.4V -0.5 0.2*VCC

VOH High level output voltage

VCC = 3.3V IOH = -4mA 2.6 2.9

VCC = 3.0V IOH = -3mA 2.1 2.6

VCC = 1.8V IOH = -1mA 1.4 1.6

VOL Low level output voltage

VCC = 3.3V IOL = 8mA 0.4 0.76

VCC = 3.0V IOL = 5mA 0.3 0.64

VCC = 1.8V IOL = 3mA 0.2 0.46

IIN Input leakage current I/O pin T = 25°C <0.01 1.0 µA

RP Pull/Bus keeper resistor 25 k
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33.2.14 SPI Characteristics

Figure 33-12.SPI Timing Requirements in Master Mode

Figure 33-13.SPI Timing Requirements in Slave Mode
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33.3.11 Power-on Reset Characteristics

Table 33-74. Power-on Reset Characteristics 

Note: 1. VPOT- values are only valid when BOD is disabled. When BOD is enabled VPOT- = VPOT+.

33.3.12 Flash and EEPROM Memory Characteristics 

Table 33-75. Endurance and Data Retention

Table 33-76. Programming Time

Notes: 1. Programming is timed from the 2MHz internal oscillator.

2. EEPROM is not erased if the EESAVE fuse is programmed.

Symbol Parameter Condition Min. Typ. Max. Units

VPOT- 
(1) POR threshold voltage falling VCC

VCC falls faster than 1V/ms 0.4 1.0

VVCC falls at 1V/ms or slower 0.8 1.3

VPOT+ POR threshold voltage rising VCC 1.3 1.59

Symbol Parameter Condition Min. Typ. Max. Units

Flash

Write/Erase cycles

25°C 10K

Cycle85°C 10K

105°C 2K

Data retention

25°C 100

Year85°C 25

105°C 10

EEPROM

Write/Erase cycles

25°C 100K

Cycle85°C 100K

105°C 30K

Data retention

25°C 100

Year85°C 25

105°C 10

Symbol Parameter Condition Min. Typ.(1) Max. Units

Chip erase(2) 128KB Flash, EEPROM 75

ms

Application erase Section erase 6

Flash

Page erase 4

Page write 4

Atomic page erase and write 8

EEPROM

Page erase 4

Page write 4

Atomic page erase and write 8
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Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

33.4.13.8 External 32.768kHz Crystal Oscillator and TOSC Characteristics

Table 33-114.External 32.768kHz Crystal Oscillator and TOSC Characteristics

Note: See Figure 33-25 for definition.

Figure 33-25.TOSC Input Capacitance

The parasitic capacitance between the TOSC pins is CL1 + CL2 in series as seen from the crystal when oscillating without 
external capacitors.

CXTAL1
Parasitic capacitance 
XTAL1 pin

5.9

pF
CXTAL2

Parasitic capacitance 
XTAL2 pin

8.3

CLOAD Parasitic capacitance load 3.5

Symbol Parameter Condition Min. Typ. Max. Units

Symbol Parameter Condition Min. Typ. Max. Units

ESR/R1
Recommended crystal 
equivalent series 
resistance (ESR)

Crystal load capacitance 6.5pF 60

kCrystal load capacitance 9.0pF 35

Crystal load capacitance 12pF 28

CTOSC1
Parasitic capacitance 
TOSC1 pin

3.5

pF

CTOSC2
Parasitic capacitance 
TOSC2 pin

3.5

Recommended safety 
factor

Capacitance load matched to crystal 
specification

3

CL1 CL2

2CSOT1CSOT Device internal
External

32.768 kHz crystal
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The maximum CPU clock frequency depends on VCC. As shown in Figure 33-29 the Frequency vs. VCC curve is linear 
between 1.8V < VCC < 2.7V.

Figure 33-29.Maximum Frequency vs. VCC
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33.5.13.5 Internal Phase Locked Loop (PLL) Characteristics 

Table 33-139.Internal PLL Characteristics 

Note: 1. The maximum output frequency vs. supply voltage is linear between 1.8V and 2.7V, and can never be higher than four times the maximum CPU frequency.

33.5.13.6 External Clock Characteristics

Figure 33-31.External Clock Drive Waveform

Table 33-140.External Clock used as System Clock without Prescaling

Note: 1. The maximum frequency vs. supply voltage is linear between 1.6V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

Symbol Parameter Condition Min. Typ. Max. Units

fIN Input frequency Output frequency must be within fOUT 0.4 64

MHz
fOUT Output frequency(1)

VCC= 1.6 - 1.8V 20 48

VCC= 2.7 - 3.6V 20 128

Start-up time 25
µs

Re-lock time 25

tCH

tCL

tCK

tCH

VIL1

VIH1

tCR tCF

Symbol Parameter Condition Min. Typ. Max. Units

1/tCK Clock Frequency (1)
VCC = 1.6 - 1.8V 0 12

MHz
VCC = 2.7 - 3.6V 0 32

tCK Clock Period
VCC = 1.6 - 1.8V 83.3

ns

VCC = 2.7 - 3.6V 31.5

tCH Clock High Time
VCC = 1.6 - 1.8V 30.0

VCC = 2.7 - 3.6V 12.5

tCL Clock Low Time
VCC = 1.6 - 1.8V 30.0

VCC = 2.7 - 3.6V 12.5

tCR Rise Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

VCC = 2.7 - 3.6V 3

tCF Fall Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

VCC = 2.7 - 3.6V 3

tCK Change in period from one clock cycle to the next 10 %
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Figure 34-21. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.3V

34.1.2.2 Output Voltage vs. Sink/Source Current

Figure 34-22. I/O Pin Output Voltage vs. Source Current
VCC = 1.8V
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Figure 34-27. I/O Pin Output Voltage vs. Sink Current
VCC = 3.3V

34.1.2.3 Thresholds and Hysteresis

Figure 34-28. I/O Pin Input Threshold Voltage vs. VCC
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Figure 34-61. 32MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator

Figure 34-62. 32MHz Internal Oscillator CALA Calibration Step Size
T = -40°C, VCC = 3.0V
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34.1.8.5 32MHz Internal Oscillator Calibrated to 48MHz

Figure 34-67. 48MHz Internal Oscillator Frequency vs. Temperature
DFLL disabled

Figure 34-68. 48MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator
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34.2.7 External Reset Characteristics

Figure 34-120. Minimum Reset Pin Pulse Width vs. VCC

Figure 34-121. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
VCC = 1.8V
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Figure 34-181. Gain Error vs. Temperature
VCC = 3.0V, VREF = external 2.0V

Figure 34-182. Offset Error vs. VCC

T = 25C, VREF = external 1.0V, ADC sample rate = 300ksps
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34.3.4 Analog Comparator Characteristics

Figure 34-183. Analog Comparator Hysteresis vs. VCC
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Figure 34-231. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.0V

Figure 34-232. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.3V
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34.4.4 Analog Comparator Characteristics

Figure 34-253. Analog Comparator Hysteresis vs. VCC

Small hysteresis

Figure 34-254. Analog Comparator Hysteresis vs. VCC
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Figure 34-269. 2MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator 

Figure 34-270. 2MHz Internal Oscillator Frequency vs. CALA Calibration Value
VCC = 3V
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Figure 34-281. SDA Hold Time vs. Supply Voltage

34.4.10 PDI Characteristics

Figure 34-282. Maximum PDI Frequency vs. VCC
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Figure 34-313. INL Error vs. Sample Rate
T = 25C, VCC = 3.6V, VREF = 3.0V external

Figure 34-314. INL Error vs. Input Code
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Figure 34-349. 48MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator

34.5.9 Two-Wire Interface Characteristics

Figure 34-350. SDA Hold Time vs. Temperature
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