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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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3. Pinout

3.1 48-pin QFN/TQFP
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4. I/O Multiplexing and Considerations

4.1 Multiplexed Signals
QFN48/
TQFP48

Pin name (1,2) Special ADC0 AC0 USARTn SPI0 TWI0 TCA0 TCBn Other CCL-LUTn

44 PA0 EXTCLK 0,TxD 0-WO0 0-IN0

45 PA1 0,RxD 0-WO1 0-IN1

46 PA2 TWI 0,XCK SDA(MS) 0-WO2 0-WO EVOUTA 0-IN2

47 PA3 TWI 0,XDIR SCL(MS) 0-WO3 1-WO 0-OUT

48 PA4 0,TxD(3) MOSI 0-WO4

1 PA5 0,RxD(3) MISO 0-WO5

2 PA6 0,XCK(3) SCK 0-OUT(3)

3 PA7 CLKOUT OUT 0,XDIR(3) SS EVOUTA(3)

4 PB0 3,TxD 0-WO0(3)

5 PB1 3,RxD 0-WO1(3)

6 PB2 3,XCK 0-WO2(3) EVOUTB

7 PB3 3,XDIR 0-WO3(3)

8 PB4 3,TxD(3) 0-WO4(3) 2-WO(3)

9 PB5 3,RxD(3) 0-WO5(3) 3-WO

10 PC0 1,TxD MOSI(3) 0-WO0(3) 2-WO 1-IN0

11 PC1 1,RxD MISO(3) 0-WO1(3) 3-WO(3) 1-IN1

12 PC2 TWI 1,XCK SCK(3) SDA(MS)(3) 0-WO2(3) EVOUTC 1-IN2

13 PC3 TWI 1,XDIR SS(3) SCL(MS)(3) 0-WO3(3) 1-OUT

14 VDD

15 GND

16 PC4 1,TxD(3) 0-WO4(3)

17 PC5 1,RxD(3) 0-WO5(3)

18 PC6 1,XCK(3) 1-OUT(3)

19 PC7 1,XDIR(3) EVOUTC(3)

20 PD0 AIN0 0-WO0(3) 2-IN0

21 PD1 AIN1 P3 0-WO1(3) 2-IN1

22 PD2 AIN2 P0 0-WO2(3) EVOUTD 2-IN2

23 PD3 AIN3 N0 0-WO3(3) 2-OUT

24 PD4 AIN4 P1 0-WO4(3)

25 PD5 AIN5 N1 0-WO5(3)

26 PD6 AIN6 P2 2-OUT(3)

27 PD7 VREFA AIN7 N2 EVOUTD(3)

28 AVDD

29 GND

30 PE0 AIN8 MOSI(3) 0-WO0(3)

31 PE1 AIN9 MISO(3) 0-WO1(3)

32 PE2 AIN10 SCK(3) 0-WO2(3) EVOUTE

33 PE3 AIN11 SS(3) 0-WO3(3)

34 PF0 TOSC1 2,TxD 0-WO0(3) 3-IN0

35 PF1 TOSC2 2,RxD 0-WO1(3) 3-IN1

36 PF2 TWI AIN12 2,XCK SDA(S)(3) 0-WO2(3) EVOUTF 3-IN2

37 PF3 TWI AIN13 2,XDIR SCL(S)(3) 0-WO3(3) 3-OUT
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QFN48/
TQFP48

Pin name (1,2) Special ADC0 AC0 USARTn SPI0 TWI0 TCA0 TCBn Other CCL-LUTn

38 PF4 AIN14 2,TxD(3) 0-WO4(3) 0-WO(3)

39 PF5 AIN15 2,RxD(3) 0-WO5(3) 1-WO(3)

40 PF6 RESET 2,XCK(3) 3-OUT(3)

41 UPDI

42 VDD

43 GND

Note: 
1. Pin names are of type Pxn, with x being the PORT instance (A,B,C, ...) and n the pin number.

Notation for signals is PORTx_PINn. All pins can be used as event input.
2. All pins can be used for external interrupt, where pins Px2 and Px6 of each port have full

asynchronous detection.
3. Alternate pin positions. For selecting the alternate positions, refer to the PORTMUX documentation.
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Note: 
1. Pin group A (PA[7:0]), PF[6:2]), pin group B (PB[7:0], PC[7:0]), pin group C (PD:7:0, PE[3:0],

PF[1:0]). For 28-pin and 32-pin devices pin group A and B should be seen as a single group. The
combined continuous sink/source current for each individual group should not exceed the limits.

5.10 VREF
Table 5-17. Internal Voltage Reference Characteristics

Symbol Description Min. Typ. Max. Unit

tstart Start-up time - 25 - µs

VDDINT055V Power supply voltage range for INT055V 1.8 - 5.5 V

VDDINT11V Power supply voltage range for INT11V 1.8 - 5.5

VDDINT15V Power supply voltage range for INT15V 1.8 - 5.5

VDDINT25V Power supply voltage range for INT25V 3.0 - 5.5

VDDINT43V Power supply voltage range for INT43V 4.8 - 5.5

Table 5-18. ADC Internal Voltage Reference Characteristics(1)

Symbol(2) Description Condition Min. Typ. Max. Unit

INT11V Internal reference voltage VDD=[1.8V, 3.6V]
T=[0 - 105]°C

-2.0 2.0 %

INT055V
INT15V
INT25V

Internal reference voltage VDD=[1.8V, 3.6V]
T=[0 - 105]°C

-3.0 3.0

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 ADC0REFSEL bit field in the

VREF.CTRLA register.

Table 5-19. AC Internal Voltage Reference Characteristics(1)

Symbol(2) Description Condition Min. Typ. Max. Unit

INT055V
INT11V

Internal reference voltage VDD=[1.8V, 3.6V]
T=[0 - 105]°C

-3.0 3.0 %
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Figure 6-11.  Power-Down Mode Supply Current vs. VDD (all functions disabled)
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Figure 6-12.  Power-Down Mode Supply Current vs. VDD (all functions disabled)
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6.1.4 Supply Currents in Standby Mode
Figure 6-13.  Standby Mode Supply Current vs. VDD (RTC running with internal OSCULP32K)
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Figure 6-14.  Standby Mode Supply Current vs. VDD (Sampled BOD running at 125 Hz)
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GPIO Output Characteristics
Figure 6-21. I/O Pin Output Voltage vs. Sink Current (VDD=1.8V)
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Figure 6-22. I/O Pin Output Voltage vs. Sink Current (VDD=3.0V)
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Figure 6-31. I/O Pin Pull-Up Resistor Current vs. Input Voltage (VDD=5.0V)
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6.3 VREF Characteristics
Figure 6-32. Internal 0.55V Reference vs. Temperature
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Figure 6-33. Internal 1.1V Reference vs. Temperature

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0
Vr

ef
 e

rro
r [

%
]

-40 -20 0 20 40 60 80 100 120

Temperature [°C]

Vdd [V]
2
3
5

Figure 6-34. Internal 2.5V Reference vs. Temperature
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Figure 6-35. Internal 4.3V Reference vs. Temperature
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6.4 BOD Characteristics

BOD Current vs. VDD
Figure 6-36. BOD Current vs. VDD (Continuous Mode Enabled)
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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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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 6-49. INL vs. Vref (VDD=5.0V, fADC=115 ksps), REFSEL = Internal Reference
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Figure 6-50. Offset Error vs. VDD (fADC=115 ksps) at T=25°C, REFSEL = Internal Reference
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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 6-57. Gain vs. VREF (VDD=5.0V, fADC=115 ksps, REFSEL = External Reference)
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Figure 6-58. INL vs. VDD (fADC=115 ksps, T=25°C, REFSEL = External Reference)
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Figure 6-59. INL vs. VREF (VDD=5.0V, fADC=115 ksps, REFSEL = External Reference)
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Figure 6-60. Offset vs. VDD (fADC=115 ksps, T=25°C, REFSEL = External Reference)
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Figure 6-67. OSC20M Internal Oscillator: Frequency vs. Calibration Value (VDD=3V)
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Figure 6-68. OSC20M 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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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.

ISBN: 978-1-5224-2713-1

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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AMERICAS ASIA/PACIFIC ASIA/PACIFIC EUROPE
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200
Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support
Web Address:
www.microchip.com
Atlanta
Duluth, GA
Tel: 678-957-9614
Fax: 678-957-1455
Austin, TX
Tel: 512-257-3370
Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago
Itasca, IL
Tel: 630-285-0071
Fax: 630-285-0075
Dallas
Addison, TX
Tel: 972-818-7423
Fax: 972-818-2924
Detroit
Novi, MI
Tel: 248-848-4000
Houston, TX
Tel: 281-894-5983
Indianapolis
Noblesville, IN
Tel: 317-773-8323
Fax: 317-773-5453
Tel: 317-536-2380
Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
Tel: 951-273-7800
Raleigh, NC
Tel: 919-844-7510
New York, NY
Tel: 631-435-6000
San Jose, CA
Tel: 408-735-9110
Tel: 408-436-4270
Canada - Toronto
Tel: 905-695-1980
Fax: 905-695-2078

Australia - Sydney
Tel: 61-2-9868-6733
China - Beijing
Tel: 86-10-8569-7000
China - Chengdu
Tel: 86-28-8665-5511
China - Chongqing
Tel: 86-23-8980-9588
China - Dongguan
Tel: 86-769-8702-9880
China - Guangzhou
Tel: 86-20-8755-8029
China - Hangzhou
Tel: 86-571-8792-8115
China - Hong Kong SAR
Tel: 852-2943-5100
China - Nanjing
Tel: 86-25-8473-2460
China - Qingdao
Tel: 86-532-8502-7355
China - Shanghai
Tel: 86-21-3326-8000
China - Shenyang
Tel: 86-24-2334-2829
China - Shenzhen
Tel: 86-755-8864-2200
China - Suzhou
Tel: 86-186-6233-1526
China - Wuhan
Tel: 86-27-5980-5300
China - Xian
Tel: 86-29-8833-7252
China - Xiamen
Tel: 86-592-2388138
China - Zhuhai
Tel: 86-756-3210040

India - Bangalore
Tel: 91-80-3090-4444
India - New Delhi
Tel: 91-11-4160-8631
India - Pune
Tel: 91-20-4121-0141
Japan - Osaka
Tel: 81-6-6152-7160
Japan - Tokyo
Tel: 81-3-6880- 3770
Korea - Daegu
Tel: 82-53-744-4301
Korea - Seoul
Tel: 82-2-554-7200
Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906
Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore
Tel: 65-6334-8870
Taiwan - Hsin Chu
Tel: 886-3-577-8366
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei
Tel: 886-2-2508-8600
Thailand - Bangkok
Tel: 66-2-694-1351
Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828
Fax: 45-4485-2829
Finland - Espoo
Tel: 358-9-4520-820
France - Paris
Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Garching
Tel: 49-8931-9700
Germany - Haan
Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-67-3636
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
Israel - Ra’anana
Tel: 972-9-744-7705
Italy - Milan
Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova
Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7289-7561
Poland - Warsaw
Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham
Tel: 44-118-921-5800
Fax: 44-118-921-5820

Worldwide Sales and Service
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