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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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– SleepWalking peripherals
• Power Down with limited wake-up functionality

• Peripherals
– One 16-bit Timer/Counter type A with dedicated period register, three compare channels (TCA)
– Four 16-bit Timer/Counter type B with input capture (TCB)
– One 16-bit Real Time Counter (RTC) running from external crystal or internal RC oscillator
– Four USART with fractional baud rate generator, autobaud, and start-of-frame detection
– Master/slave Serial Peripheral Interface (SPI)
– Dual mode Master/Slave TWI with dual address match

• Standard mode (Sm, 100 kHz)
• Fast mode (Fm, 400 kHz)
• Fast mode plus (Fm+, 1 MHz)

– Event System for CPU independent and predictable inter-peripheral signaling
– Configurable Custom Logic (CCL) with up to four programmable Lookup Tables (LUT)
– One Analog Comparator (AC) with scalable reference input
– One 10-bit 150 ksps Analog to Digital Converter (ADC)
– Five selectable internal voltage references: 0.55V, 1.1V, 1.5V, 2.5V, and 4.3V
– CRC code memory scan hardware

• Optional automatic scan after reset
– Watchdog Timer (WDT) with Window Mode, with separate on-chip oscillator
– External interrupt on all general purpose pins

• I/O and Packages:
– 41 programmable I/O lines
– 48-pin UQFN 6x6 and TQFP 7x7

• Temperature Range: -40°C to 125°C
• Speed Grades:

– 0-5 MHz @ 1.8V – 5.5V
– 0-10 MHz @ 2.7V – 5.5V
– 0-20 MHz @ 4.5V – 5.5V, -40°C to 105°C
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Symbol Description Condition Min. Typ. Max. Unit

Factory calibration accuracy TA=25°C, 3.0V TBD ±0.75 TBD %

ETOTAL Total error with 16 MHz
frequency selection

From target
frequency

TA=[0, 70]°C,
VDD=[1.8, 3.6]V

TBD ±2 TBD %

Full operation
range

TBD ±3 TBD

Total error with 20 MHz
frequency selection

From target
frequency

TA=[0, 70]°C,
VDD=[1.8, 3.6]V

TBD ±2 TBD

Full operation
range

TBD ±3 TBD

EDRIFT Accuracy with 16 MHz
Frequency Selection relative
to the factory-stored
frequency value

Factory calibrated
VDD=3V(1)

TA=[0, 70]°C,
VDD=[1.8, 5.5]V

TBD ±1.5 TBD %

Accuracy with 20 MHz
Frequency Selection relative
to the factory-stored
frequency value

Factory calibrated
VDD=3V(1)

TA=[0, 70]°C,
VDD=[1.8, 5.5]V

TBD ±1.5 TBD

ΔfOSC20M Calibration step size - 0.75 - %

DOSC20M Duty cycle - 50 - %

tstartup Start-up time Within 2%
accuracy

- 12 - µs

Note: 
1. See also the description of OSC20M on calibration.
2. Oscillator Frequencies above speed specification must be divided so that CPU clock always is

within specification.

Table 5-13. 32.768 kHz Internal Oscillator (OSCULP32K) Characteristics

Symbol Description Condition Condition Min. Typ. Max. Unit

fOSCULP32K Factory calibration
frequency

32.768 kHz

Factory calibration
accuracy

TA=25°C, 3.0V -3 ±2 3 %

ETOTAL Total error from target
frequency

Factory
calibrated

TA=[0, 70]°C,
VDD=[1.8, 3.6]V

-10 ±5 +10 %

Full operation
range

-30 ±10 +30

DOSCULP32K Duty cycle 50 %

tstartup Start-up time - 250 - µs
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Table 5-14. 32.768 kHz External Crystal Oscillator (XOSC32K) Characteristics

Symbol Description Condition Min. Typ. Max. Unit

fout Frequency - 32.768 - kHz

tstartup Startup time CL=7.5 pF - 300 - ms

CL=12.5 pF - TBD -

CL Crystal load capacitance 7.5 - 12.5 pF

CTOSC1 Parasitic capacitor load - 5.5 - pF

CTOSC2 - 5.5 - pF

ESR Equivalent Series Resistance - Safety Factor=3 CL=7.5 pF - - 80 kΩ

CL=12.5 pF - - 40

Figure 5-2. External Clock Waveform Characteristics
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Table 5-15. External Clock Characteristics

Symbol Description Condition VDD=[1.8, 5.5]V VDD=[2.7,
5.5]V

VDD=[4.5,
5.5]V

Unit

Min. Max. Min. Max. Min. Max.

fCLCL Frequency 0 5.0 0.0 10.0 0.0 20.0 MHz

tCLCL Clock Period 200 - 100 - 50 - ns

tCHCX High Time 80 - 40 - 20 - ns

tCLCX Low Time 80 - 40 - 20 - ns

tCLCH Rise Time (for
maximum
frequency)

- 40 - 20 - 10 ns

tCHCL Fall Time (for
maximum
frequency)

- 40 - 20 - 10 ns

ΔtCLCL Change in period
from one clock
cycle to the next

- 20 - 20 - 20 %
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Symbol(2) Description Condition Min. Typ. Max. Unit

INT15V
INT25V

INT055V
INT11V
INT15V
INT25V
INT43V

Internal reference voltage VDD=[1.8V, 5.5V]
T=[-40 - 125]°C

-5.0 5.0

Note: 
1. These values are based on characterization and not covered by production test limits.
2. The symbols INTxxV refer to the respective values of the AC0REFSEL bit field in the VREF.CTRLA

register.

5.11 ADC

5.11.1 Internal Reference Characteristics
Operating conditions:

• VDD = 1.8 to 5.5V
• Temperature = -40°C to 125°C
• DUTYCYC = 25%
• CLKADC = 13 * fADC

• SAMPCAP is 10 pF for 0.55V reference, while it is set to 5 pF for VREF≥1.1V
• Applies for all allowed combinations of VREF selections and Sample Rates unless otherwise noted

Table 5-20. Power Supply, Reference, and Input Range

Symbol Description Conditions Min. Typ. Max. Unit

VDD Supply voltage CLKADC ≤ 1.5 MHz 1.8 - 5.5 V

CLKADC > 1.5 MHz 2.7 - 5.5

VREF Reference voltage REFSEL = Internal reference 0.55 - VDD-0.5 V

REFSEL = External reference 1.1 VDD

REFSEL = VDD 1.8 - 5.5

CIN Input capacitance SAMPCAP=5 pF - 5 - pF

SAMPCAP=10 pF - 10 -

VIN Input voltage range 0 - VREF V

IBAND Input bandwidth 1.1V≤VREF - - 57.5 kHz
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Table 5-21. Clock and Timing Characteristics

Symbol Description Conditions Min. Typ. Max. Unit

fADC Sample rate 1.1V≤VREF 15 - 115 ksps

1.1V≤VREF (8-bit resolution) 15 - 150

VREF=0.55V (10 bits) 7.5 - 20

CLKADC Clock frequency VREF=0.55V (10 bits) 100 - 260 kHz

1.1V≤VREF (10 bits) 200 - 1500

1.1V≤VREF (8-bit resolution) 200 - 2000

Ts Sampling time 2 2 33 CLKADC cycles

TCONV Conversion time (latency) Sampling time = 2 CLKADC 8.7 - 50 µs

TSTART Start-up time Internal VREF - 22 - µs

Table 5-22. Accuracy Characteristics Internal Reference(2)

Symbol Description Conditions Min. Typ. Max. Unit

Res Resolution - 10 - bit

INL Integral Non-
linearity

REFSEL =
INTERNAL

VREF=0.55V

fADC=7.7 ksps - 1.0 - LSB

REFSEL =
INTERNAL or VDD

fADC=15 ksps - 1.0 -

REFSEL =
INTERNAL or VDD

1.1V≤VREF

fADC=77 ksps - 1.0 -

fADC=115 ksps - 1.2 -

DNL(1) Differential
Non-linearity

REFSEL =
INTERNAL

VREF = 0.55V

fADC=7.7 ksps - 0.6 - LSB

REFSEL =
INTERNAL

VREF = 1.1V

fADC=15 ksps - 0.4 -

REFSEL =
INTERNAL or VDD

1.5V≤VREF

fADC=15 ksps - 0.4 -

REFSEL =
INTERNAL or VDD

1.1V≤VREF

fADC=77 ksps - 0.4 -
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Figure 6-9.  Idle Supply Current vs. VDD (f=32 KHz OSCULP32K)
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6.1.3 Supply Currents in Power-Down Mode
Figure 6-10.  Power-Down Mode Supply Current vs. Temperature (all functions disabled)
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Figure 6-15.  Standby Mode Supply Current vs. VDD (Sampled BOD running at 1 kHz)
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6.1.5 Power on Supply Currents
Figure 6-16. Power-on Supply Current vs. VDD (BOD enabled at 4.3V level)
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6.2 GPIO

GPIO Input Characteristics
Figure 6-17. I/O Pin Input Hysteresis vs. VDD
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Figure 6-18. I/O Pin Input Threshold Voltage vs. VDD (T=25°C)
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Figure 6-23. I/O Pin Output Voltage vs. Sink Current (VDD=5.0V)
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Figure 6-24. I/O Pin Output Voltage vs. Sink Current (T=25°C)
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Figure 6-25. I/O Pin Output Voltage vs. Source Current (VDD=1.8V)
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Figure 6-26. I/O Pin Output Voltage vs. Source Current (VDD=3.0V)
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Figure 6-27. I/O Pin Output Voltage vs. Source Current (VDD=5.0V)
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Figure 6-28. I/O Pin Output Voltage vs. Source Current (T=25°C)
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Figure 6-45. DNL vs. Vref (VDD=5.0V, fADC=115 ksps), REFSEL = Internal Reference
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Figure 6-46. Gain Error vs. VDD (fADC=115 ksps) at T=25°C, REFSEL = Internal Reference
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Figure 6-47. Gain Error vs. Vref (VDD=5.0V, fADC=115 ksps), REFSEL = Internal Reference
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Figure 6-48. INL vs. VDD (fADC=115 ksps) at T=25°C, REFSEL = Internal Reference
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Figure 6-55. DNL vs. VREF (VDD=5.0V, fADC=115 ksps, REFSEL = External Reference)
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Figure 6-56. Gain vs. VDD (fADC=115 ksps, T=25°C, REFSEL = External Reference)
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Figure 6-61. Offset vs. VREF (VDD=5.0V, fADC=115 ksps, REFSEL = External Reference)
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6.6 AC Characteristics
Figure 6-62. Hysteresis vs. VCM - 10 mV (VDD=5V)
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Figure 6-63. Hysteresis vs. VCM - 10 mV to 50 mV (VDD=5V, T=25°C)
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Figure 6-64. Offset vs. VCM - 10 mV (VDD=5V)
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Figure 6-69. OSC20M Internal Oscillator: Frequency vs. VDD
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6.8 OSCULP32K Characteristics
Figure 6-70. OSCULP32K Internal Oscillator Frequency vs. Temperature
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7. Package Drawings

7.1 48 pin TQFP

Table 7-1. Device and Package Maximum Weight

140 mg
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Quality Management System Certified by DNV

ISO/TS 16949
Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®

DSCs, KEELOQ® code hopping devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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