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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)
– Three 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
– Three 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:
– 27 programmable I/O lines
– 32-pin VQFN 5x5 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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2. Block Diagram
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3. Pinout

3.1 32-pin QFN/TQFP
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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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The accuracy characteristics numbers are based on characterization of the following input reference
levels and VDD ranges:

• Vref = 1.8 V, VDD = 1.8 to 5.5V
• Vref = 2.6 V, VDD = 2.7 to 5.5V
• Vref = 4.096 V, VDD = 4.5 to 5.5V
• Vref = 4.3 V, VDD = 4.5 to 5.5V

Table 5-23. Accuracy Characteristics External Reference(2)

Symbol Description Conditions Min. Typ. Max. Unit

Res Resolution - 10 - bit

INL Integral Non-
linearity

fADC=15 ksps - 0.9 - LSB

fADC=77 ksps - 0.9 -

fADC=115 ksps - 1.2 -

DNL(1) Differential
Non-linearity

fADC=15 ksps - 0.2 - LSB

fADC=77 ksps - 0.4 -

fADC=115 ksps - 0.8 -

EABS Absolute
accuracy

fADC=15 ksps - 2 - LSB

fADC=77 ksps - 2 -

fADC=115 ksps - 2 -

EGAIN Gain error fADC=15 ksps - 2 - LSB

fADC=77 ksps - 2 -

fADC=115 ksps - 2 -

EOFF Offset error - -0.5 - LSB

Note: 
1. A DNL error of less than or equal to 1 LSB ensures a monotonic transfer function with no missing

codes.
2. These values are based on characterization and not covered by production test limits.

5.12 AC
Table 5-24. Analog Comparator Characteristics

Symbol Description Condition Min. Typ. Max. Unit

VIN Input Voltage Low Power Mode -0.2 - VDD V

High speed mode -0.2 - VDD

CIN Input Pin Capacitance PD1 to PD6 - 3.5 - pF

PD7 - 14 -
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Symbol Description Condition Min. Typ. Max. Unit

VOFF Input Offset Voltage, Low Power
Mode

0.7V<VIN<(VDD-0.7V) TBD ±10 TBD mV

VIN=[0V, VDD] - ±30 -

Input Offset Voltage, High-speed
Mode

0.7V<VIN<(VDD-0.7V) TBD ±5 TBD

VIN=[-0.2V, VDD] - ±20 -

IL Input Leakage Current - 5 - nA

TSTART Start-up Time - 1.3 - µs

VHYS Hysteresis, High-speed mode HYSMODE=0x0 - 0 - mV

HYSMODE=0x1 - 10 -

HYSMODE=0x2 - 25 -

HYSMODE=0x3 - 50 -

tPD Propagation Delay 25 mV Overdrive, VDD≥2.7V, High
speed mode

- 50 - ns

25 mV Overdrive, VDD≥2.7V, Low
Power Mode

- 150 -

5.13 UPDI Timing

UPDI Enable Sequence

Symbol Description Min. Max. Unit

TRES Duration of Handshake/Break on RESET 10 200 µs

TUPDI Duration of UPDI.txd=0 10 200 µs

TDeb0 Duration of Debugger.txd=0 0.2 1 µs

TDebZ Duration of Debugger.txd=z 200 14000 µs
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6. Typical Characteristics

6.1 Power Consumption

6.1.1 Supply Currents in Active Mode
Figure 6-1.  Active Supply Current vs. Frequency (1-20 MHz) at T=25°C
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Figure 6-2.  Active Supply Current vs. Frequency [0.1, 1.0] MHz at T=25°C
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Figure 6-5. Active Supply Current vs. VDD (f=32 KHz OSCULP32K)
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6.1.2 Supply Currents in Idle Mode
Figure 6-6.  Idle Supply Current vs. Frequency (1-20 MHz) at T=25°C
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6.2 GPIO

GPIO Input Characteristics
Figure 6-17. I/O Pin Input Hysteresis vs. VDD

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Th
re

sh
ol

d 
[V

]

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

Vdd [V]

Temperature[°C]
-40
0
25
70
85
105
125

Figure 6-18. I/O Pin Input Threshold Voltage vs. VDD (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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GPIO Pull-Up Characteristics
Figure 6-29. I/O Pin Pull-Up Resistor Current vs. Input Voltage (VDD=1.8V)
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Figure 6-30. I/O Pin Pull-Up Resistor Current vs. Input Voltage (VDD=3.0V)
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Figure 6-37. BOD Current vs. VDD (Sampled BOD at 125 Hz)
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Figure 6-38. BOD Current vs. VDD (Sampled BOD at 1 kHz)
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BOD Threshold vs. Temperature
Figure 6-39. BOD Threshold vs. Temperature (Level 1.8V)
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Figure 6-40. BOD Threshold vs. Temperature (Level 2.6V)
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Figure 6-51. Offset Error vs. Vref (VDD=5.0V, fADC=115 ksps), REFSEL = Internal Reference
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Figure 6-52. Absolute Accuracy 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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8. Conventions

8.1 Memory Size and Type
Table 8-1. Memory Size and Bit Rate

Symbol Description

KB kilobyte (210 = 1024)

MB megabyte (220 = 1024*1024)

GB gigabyte (230 = 1024*1024*1024)

b bit (binary '0' or '1')

B byte (8 bits)

1 kbit/s 1,000 bit/s rate (not 1,024 bit/s)

1 Mbit/s 1,000,000 bit/s rate

1 Gbit/s 1,000,000,000 bit/s rate

word 16-bit

8.2 Frequency and Time
Table 8-2. Frequency and Time

Symbol Description

kHz 1 kHz = 103 Hz = 1,000 Hz

KHz 1 KHz = 1,024 Hz, 32 KHz = 32,768 Hz

MHz 1 MHz = 106 Hz = 1,000,000 Hz

GHz 1 GHz = 109 Hz = 1,000,000,000 Hz

s second

ms millisecond

µs microsecond

ns nanosecond
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from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2018, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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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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