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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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Peripheral Conditions Typ.(1) Unit

TCB 16-bit count @ 1 MHz 7.4 µA

RTC 16-bit count @ OSCULP32K 1.2 µA

WDT (including OSCULP32K) 0.7 µA

OSC20M 125 µA

AC Fast Mode(2) 92 µA

Low Power Mode(2) 45 µA

ADC 50 ksps 325 µA

100 ksps 340 µA

XOSC32K CL=7.5 pF 0.5 µA

OSCULP32K 0.4 µA

USART Enable @ 9600 Baud 13 µA

SPI (Master) Enable @ 100 kHz 2.1 µA

TWI (Master) Enable @ 100 kHz 23.9 µA

TWI (Slave) Enable @ 100 kHz 17.1 µA

Flash programming Erase Operation 1.5 mA

Write Operation 3.0

Note: 
1. Current consumption of the module only. To calculate the total power consumption of the system,

add this value to the base value in section “Power Consumption”.
2. CPU in Standby mode.

5.6 BOD and POR Characteristics
Table 5-8. Power Supply Characteristics

Symbol Description Condition Min. Typ. Max. Unit

SRON Power-on Slope - - 100 V/ms

Table 5-9. Power On Reset (POR) Characteristics

Symbol Description Condition Min. Typ. Max. Unit

VPOR POR threshold voltage on VDD
falling

VDD falls/rises at 0.5V/ms or slower 0.8 - 1.6 V

POR threshold voltage on VDD
rising

1.4 - 1.8
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Table 5-10. Brownout Detection (BOD) Characteristics

Symbol Description Condition Min. Typ. Max. Unit

VBOD BOD detection level (falling) BODLEVEL=1.8V 1.71 1.78 1.85 V

BODLEVEL=2.7V 2.45 2.60 2.75

BODLEVEL=4.3V 4.05 4.25 4.45

VHYS Hysteresis BODLEVEL=1.8V - 25 - mV

BODLEVEL=2.7V - 40 -

BODLEVEL=4.3V - 80 -

tBOD Detection time Continuous - 7 - µs

Sampled, 1 kHz - 1 - ms

Sampled, 125 Hz - 8 -

tstartup Start-up time Time from enable to ready - 40 - µs

ΔVLVD Interrupt level 0 Percentage above the selected BOD
level

- 4 - %

Interrupt level 1 - 13 -

Interrupt level 2 - 25 -

5.7 External Reset Characteristics
Table 5-11. External Reset Characteristics

Mode Description Condition Min. Typ. Max. Unit

VVIH_RST Input Voltage for RESET 0.7×VDD - VDD+0.2 V

VVIL_RST Input Low Voltage for RESET -0.2 - 0.3×VDD

tMIN_RST Minimum pulse width on RESET pin 300 - - ns

Rp_RST RESET pull-up resistor VReset=0V 20 35 50 kΩ

5.8 Oscillators and Clocks
Operating conditions:

• VDD=3V, except where specified otherwise.

Table 5-12. 20 MHz Internal Oscillator (OSC20M) Characteristics

Symbol Description Condition Min. Typ. Max. Unit

fOSC20M Factory calibration
frequency

FREQSEL=0 TA=25°C, 3.0V 16 MHz

FREQSEL=1 20

fCAL Frequency calibration range OSC16M(2) 14.5 17.5 MHz

OSC20M(2) 18.5 21.5 MHz
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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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Figure 6-3.  Active Supply Current vs. Temperature (f=20 MHz OSC20M)
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Figure 6-4.  Active Supply Current vs. VDD (f=[1.25, 20] MHz OSC20M) at T=25°C
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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)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

2.5 3.0 3.5 4.0 4.5 5.0 5.5
Vdd [V]

Temperature [°C]
-40
-20
0
25
70
85
105
125

 ATmega3209/4809 – 48-pin Data Sheet
Typical Characteristics

© 2018 Microchip Technology Inc.  Datasheet Preliminary DS40002016A-page 30



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 6-41. BOD Threshold vs. Temperature (Level 4.3V)
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6.5 ADC Characteristics
Figure 6-42. Absolute Accuracy 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 6-53. Absolute Accuracy vs. VREF (VDD=5.0V, fADC=115 ksps, REFSEL = External Reference)
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Figure 6-54. DNL 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 6-61. 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)

0

8

16

24

32

40

48

56

64

72

80
H

ys
te

re
si

s 
[m

V]

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

Vcommon mode [V]

HYSMODE
10mV
25mV
50mV

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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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

• Product Support – Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

• General Technical Support – Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support
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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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