
Silicon Labs - EFM8BB31F64I-B-QFN32 Datasheet

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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Number of I/O 29
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Program Memory Type FLASH

EEPROM Size -
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Voltage - Supply (Vcc/Vdd) 2.2V ~ 3.6V

Data Converters A/D 20x10/12b SAR; D/A 4x12b
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2.  Ordering Information

EFM8 BB3 –1 F 64 G A – QFN32 R

Tape and Reel (Optional)

Package Type  

Revision

Temperature Grade G (-40 to +85), I (-40 to +125)

Flash Memory Size – 64 KB

Memory Type (Flash)

Family Feature Set

Busy Bee 3 Family

Silicon Labs EFM8 Product Line

Figure 2.1.  EFM8BB3 Part Numbering

All EFM8BB3 family members have the following features:
• CIP-51 Core running up to 49 MHz
• Three Internal Oscillators (49 MHz, 24.5 MHz and 80 kHz)
• SMBus
• I2C Slave
• SPI
• 2 UARTs
• 6-Channel Programmable Counter Array (PWM, Clock Generation, Capture/Compare)
• Six 16-bit Timers
• Four Configurable Logic Units
• 12-bit Analog-to-Digital Converter with integrated multiplexer, voltage reference, temperature sensor, channel sequencer, and direct-

to-XRAM data transfer
• Two Analog Comparators
• 16-bit CRC Unit
• AEC-Q100 qualified
• Pre-loaded UART bootloader

In addition to these features, each part number in the EFM8BB3 family has a set of features that vary across the product line. The
product selection guide shows the features available on each family member.

Table 2.1.  Product Selection Guide
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EFM8BB31F64G-B-QFN32 64 4352 29 4 20 10 9 Yes -40 to +85 °C QFN32

EFM8BB31F64G-B-QFP32 64 4352 28 4 20 10 9 Yes -40 to +85 °C QFP32

EFM8BB31F64G-B-QFN24 64 4352 20 4 12 6 6 Yes -40 to +85 °C QFN24
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EFM8BB31F64G-B-QSOP24 64 4352 21 4 13 6 7 Yes -40 to +85 °C QSOP24

EFM8BB31F32G-B-QFN32 32 2304 29 21 20 10 9 Yes -40 to +85 °C QFN32

EFM8BB31F32G-B-QFP32 32 2304 28 21 20 10 9 Yes -40 to +85 °C QFP32

EFM8BB31F32G-B-QFN24 32 2304 20 21 12 6 6 Yes -40 to +85 °C QFN24

EFM8BB31F32G-B-QSOP24 32 2304 21 21 13 6 7 Yes -40 to +85 °C QSOP24

EFM8BB31F16G-B-QFN32 16 2304 29 21 20 10 9 Yes -40 to +85 °C QFN32

EFM8BB31F16G-B-QFP32 16 2304 28 21 20 10 9 Yes -40 to +85 °C QFP32

EFM8BB31F16G-B-QFN24 16 2304 20 21 12 6 6 Yes -40 to +85 °C QFN24

EFM8BB31F16G-B-QSOP24 16 2304 21 21 13 6 7 Yes -40 to +85 °C QSOP24

EFM8BB31F64I-B-QFN32 64 4352 29 4 20 10 9 Yes -40 to +125 °C QFN32

EFM8BB31F64I-B-QFP32 64 4352 28 4 20 10 9 Yes -40 to +125 °C QFP32

EFM8BB31F64I-B-QFN24 64 4352 20 4 12 6 6 Yes -40 to +125 °C QFN24

EFM8BB31F64I-B-QSOP24 64 4352 21 4 13 6 7 Yes -40 to +125 °C QSOP24

EFM8BB31F32I-B-QFN32 32 2304 29 21 20 10 9 Yes -40 to +125 °C QFN32

EFM8BB31F32I-B-QFP32 32 2304 28 21 20 10 9 Yes -40 to +125 °C QFP32

EFM8BB31F32I-B-QFN24 32 2304 20 21 12 6 6 Yes -40 to +125 °C QFN24

EFM8BB31F32I-B-QSOP24 32 2304 21 21 13 6 7 Yes -40 to +125 °C QSOP24

EFM8BB31F16I-B-QFN32 16 2304 29 21 20 10 9 Yes -40 to +125 °C QFN32

EFM8BB31F16I-B-QFP32 16 2304 28 21 20 10 9 Yes -40 to +125 °C QFP32

EFM8BB31F16I-B-QFN24 16 2304 20 21 12 6 6 Yes -40 to +125 °C QFN24

EFM8BB31F16I-B-QSOP24 16 2304 21 21 13 6 7 Yes -40 to +125 °C QSOP24

Note:
1. DAC0 and DAC1 are enabled on devices with 2 DACs available.
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4.1.6  Internal Oscillators

Table 4.6.  Internal Oscillators

Parameter Symbol Test Condition Min Typ Max Unit

High Frequency Oscillator 0 (24.5 MHz)

Oscillator Frequency fHFOSC0 Full Temperature and Supply
Range

24 24.5 25 MHz

Power Supply Sensitivity PSSHFOS

C0

TA = 25 °C — 0.5 — %/V

Temperature Sensitivity TSHFOSC0 VDD = 3.0 V — 40 — ppm/°C

High Frequency Oscillator 1 (49 MHz)

Oscillator Frequency fHFOSC1 Full Temperature and Supply
Range

48.02 49 49.98 MHz

Power Supply Sensitivity PSSHFOS

C1

TA = 25 °C — 300 — ppm/V

Temperature Sensitivity TSHFOSC1 VDD = 3.0 V — 103 — ppm/°C

Low Frequency Oscillator (80 kHz)

Oscillator Frequency fLFOSC Full Temperature and Supply
Range

75 80 85 kHz

Power Supply Sensitivity PSSLFOSC TA = 25 °C — 0.05 — %/V

Temperature Sensitivity TSLFOSC VDD = 3.0 V — 65 — ppm/°C

4.1.7  External Clock Input

Table 4.7.  External Clock Input

Parameter Symbol Test Condition Min Typ Max Unit

External Input CMOS Clock

Frequency (at EXTCLK pin)

fCMOS 0 — 50 MHz

External Input CMOS Clock High
Time

tCMOSH 9 — — ns

External Input CMOS Clock Low
Time

tCMOSL 9 — — ns

EFM8BB3 Data Sheet
Electrical Specifications
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Parameter Symbol Test Condition Min Typ Max Unit

Integral Nonlinearity INL 12 Bit Mode -1.9 -0.35 / +1 1.9 LSB

10 Bit Mode

TA = -40 °C to 85 °C

-0.6 ±0.2 0.6 LSB

10 Bit Mode

TA = -40 °C to 125 °C (I-grade
parts only)

-0.7 ±0.2 0.7 LSB

Differential Nonlinearity (Guaran-
teed Monotonic)

DNL 12 Bit Mode

TA = -40 °C to 85 °C

-0.9 ±0.3 0.9 LSB

12 Bit Mode

TA = -40 °C to 125 °C (I-grade
parts only)

-1.02 ±0.3 1.02 LSB

10 Bit Mode -0.5 ±0.2 0.5 LSB

Offset Error3 EOFF 12 Bit Mode

TA = -40 °C to 85 °C

-2 0 2 LSB

12 Bit Mode

TA = -40 °C to 125 °C (I-grade
parts only)

-3 0 3 LSB

10 Bit Mode

TA = -40 °C to 85 °C

-1 0 1 LSB

10 Bit Mode

TA = -40 °C to 125 °C (I-grade
parts only)

-1 0 1.3 LSB

Offset Temperature Coefficient TCOFF — 0.011 — LSB/°C

Slope Error EM 12 Bit Mode

TA = -40 °C to 85 °C

-2.5 — 2.5 LSB

12 Bit Mode

TA = -40 °C to 125 °C (I-grade
parts only)

-2.6 — 2.6 LSB

10 Bit Mode -1.1 — 1.1 LSB

Dynamic Performance 10 kHz Sine Wave Input 1 dB below full scale, Max throughput, using AGND pin

Signal-to-Noise SNR 12 Bit Mode 64 68 — dB

10 Bit Mode 59 61 — dB

Signal-to-Noise Plus Distortion SNDR 12 Bit Mode 64 68 — dB

10 Bit Mode 59 61 — dB

Total Harmonic Distortion (Up to
5th Harmonic)

THD 12 Bit Mode — -72 — dB

10 Bit Mode — -69 — dB

Spurious-Free Dynamic Range SFDR 12 Bit Mode — 74 — dB

10 Bit Mode — 71 — dB

EFM8BB3 Data Sheet
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Parameter Symbol Test Condition Min Typ Max Unit

Note:
1. Conversion Time does not include Tracking Time. Total Conversion Time is:

Total Conversion Time = RPT × (ADTK + NUMBITS + 1) × T(SARCLK) + (T(ADCCLK) × 4)

where RPT is the number of conversions represented by the ADRPT field and ADCCLK is the clock selected for the ADC.
2. Absolute input pin voltage is limited by the VIO supply.
3. The offset is determined using curve fitting since the specification is measured using linear search where the intercept is always

positive.
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4.1.11  Temperature Sensor

Table 4.11.  Temperature Sensor

Parameter Symbol Test Condition Min Typ Max Unit

Offset VOFF TA = 0 °C — 751 — mV

Offset Error1 EOFF TA = 0 °C — 19 — mV

Slope M — 2.82 — mV/°C

Slope Error1 EM — 29 — μV/°C

Linearity LIN T = -40 °C to 85 °C — ±0.4 — °C

T = -40 °C to 125 °C (I-grade parts
only)

— -0.6 to 1.2 — °C

Turn-on Time tON — 3.5 — μs

Note:
1. Represents one standard deviation from the mean.
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Table 4.17.  SMBus Peripheral Timing Formulas (Master Mode)

Parameter Symbol Clocks

SMBus Operating Frequency fSMB fCSO / 3

Bus Free Time Between STOP and START Conditions tBUF 2 / fCSO

Hold Time After (Repeated) START Condition tHD:STA 1 / fCSO

Repeated START Condition Setup Time tSU:STA 2 / fCSO

STOP Condition Setup Time tSU:STO 2 / fCSO

Clock Low Period tLOW 1 / fCSO

Clock High Period tHIGH 2 / fCSO

Note:
1. fCSO is the SMBus peripheral clock source overflow frequency.

 

tLOW

S PSP

VIH

VIL

VIH

VIL

SCL

SDA

tBUF

tHD:STA tHD:DAT
tHIGH

tSU:DAT tSU:STA tSU:STO

Figure 4.1.  SMBus Peripheral Timing Diagram (Master Mode)

4.2  Thermal Conditions

Table 4.18.  Thermal Conditions

Parameter Symbol Test Condition Min Typ Max Unit

Thermal Resistance θJA QFN24 Packages — 30 — °C/W

QFN32 Packages — 26 — °C/W

QFP32 Packages — 80 — °C/W

QSOP24 Packages — 65 — °C/W

Note:
1. Thermal resistance assumes a multi-layer PCB with any exposed pad soldered to a PCB pad.
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

29 P0.4 Multifunction I/O Yes P0MAT.4

INT0.4

INT1.4

UART0_TX

CLU0A.10

CLU1A.8

CLU3B.10

ADC0.2

CMP0P.2

CMP0N.2

30 P0.3 Multifunction I/O Yes P0MAT.3

EXTCLK

INT0.3

INT1.3

CLU0B.9

CLU2B.9

CLU3A.9

XTAL2

31 P0.2 Multifunction I/O Yes P0MAT.2

INT0.2

INT1.2

CLU0OUT

CLU0A.9

CLU2B.8

CLU3A.8

XTAL1

ADC0.1

CMP0P.1

CMP0N.1

32 P0.1 Multifunction I/O Yes P0MAT.1

INT0.1

INT1.1

CLU0B.8

CLU2A.9

CLU3B.9

ADC0.0

CMP0P.0

CMP0N.0

AGND

Center GND Ground

EFM8BB3 Data Sheet
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

18 P1.7 Multifunction I/O Yes P1MAT.7

CLU0B.15

CLU1B.13

CLU2A.13

ADC0.13

CMP0P.9

CMP0N.9

19 P1.6 Multifunction I/O Yes P1MAT.6

CLU0A.15

CLU1B.12

CLU2A.12

ADC0.12

20 P1.5 Multifunction I/O Yes P1MAT.5

CLU0B.14

CLU1A.13

CLU2B.13

ADC0.11

21 P1.4 Multifunction I/O Yes P1MAT.4

CLU0A.14

CLU1A.12

CLU2B.12

ADC0.10

22 P1.3 Multifunction I/O Yes P1MAT.3

CLU0B.13

CLU1B.11

CLU2B.11

CLU3A.13

ADC0.9

23 P1.2 Multifunction I/O Yes P1MAT.2

CLU0A.13

CLU1A.11

CLU2B.10

CLU3A.12

ADC0.8

CMP0P.8

CMP0N.8

24 P1.1 Multifunction I/O Yes P1MAT.1

CLU0B.12

CLU1B.10

CLU2A.11

CLU3B.13

ADC0.7

CMP0P.7

CMP0N.7

EFM8BB3 Data Sheet
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

30 P0.3 Multifunction I/O Yes P0MAT.3

EXTCLK

INT0.3

INT1.3

CLU0B.9

CLU2B.9

CLU3A.9

XTAL2

31 P0.2 Multifunction I/O Yes P0MAT.2

INT0.2

INT1.2

CLU0OUT

CLU0A.9

CLU2B.8

CLU3A.8

XTAL1

ADC0.1

CMP0P.1

CMP0N.1

32 P0.1 Multifunction I/O Yes P0MAT.1

INT0.1

INT1.1

CLU0B.8

CLU2A.9

CLU3B.9

ADC0.0

CMP0P.0

CMP0N.0

AGND

EFM8BB3 Data Sheet
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6.3  EFM8BB3x-QFN24 Pin Definitions
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Figure 6.3.   EFM8BB3x-QFN24 Pinout

Table 6.3.  Pin Definitions for EFM8BB3x-QFN24

Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

1 P0.1 Multifunction I/O Yes P0MAT.1

INT0.1

INT1.1

CLU0B.8

CLU2A.9

CLU3B.9

ADC0.0

CMP0P.0

CMP0N.0

AGND

EFM8BB3 Data Sheet
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

2 P0.0 Multifunction I/O Yes P0MAT.0

INT0.0

INT1.0

CLU0A.8

CLU2A.8

CLU3B.8

VREF

3 GND Ground

4 VDD / VIO Supply Power Input

5 RSTb /

C2CK

Active-low Reset /

C2 Debug Clock

6 P3.0 /

C2D

Multifunction I/O /

C2 Debug Data

7 P2.3 Multifunction I/O Yes P2MAT.3

CLU1B.15

CLU2B.15

CLU3A.15

DAC3

8 P2.2 Multifunction I/O Yes P2MAT.2

CLU1A.15

CLU2B.14

CLU3A.14

DAC2

9 P2.1 Multifunction I/O Yes P2MAT.1

CLU1B.14

CLU2A.15

CLU3B.15

DAC1

10 P2.0 Multifunction I/O Yes P2MAT.0

CLU1A.14

CLU2A.14

CLU3B.14

DAC0

11 P1.6 Multifunction I/O Yes P1MAT.6

CLU3OUT

CLU0A.15

CLU1B.12

CLU2A.12

ADC0.11

CMP1P.5

CMP1N.5

EFM8BB3 Data Sheet
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

24 P0.2 Multifunction I/O Yes P0MAT.2

INT0.2

INT1.2

CLU0OUT

CLU0A.9

CLU2B.8

CLU3A.8

XTAL1

ADC0.1

CMP0P.1

CMP0N.1

Center GND Ground
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6.4  EFM8BB3x-QSOP24 Pin Definitions

P0.2

P0.1

P0.0

GND

VDD / VIO

RSTb / C2CK

P3.0 / C2D

P1.7

P0.4

P0.5
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P0.7

P1.0

P1.1

P1.2

P1.3

P1.4

P1.5

P1.6

2

1

4
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5

6

7

24 pin QSOP
(Top View)
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11

12

23

24

21

22

20

19
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17

16

15

14

13

P0.3

P2.0

P2.1

P2.2

P2.3

Figure 6.4.   EFM8BB3x-QSOP24 Pinout

Table 6.4.  Pin Definitions for EFM8BB3x-QSOP24

Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

1 P0.3 Multifunction I/O Yes P0MAT.3

EXTCLK

INT0.3

INT1.3

CLU0B.9

CLU2B.9

CLU3A.9

XTAL2

EFM8BB3 Data Sheet
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Pin

Number

Pin Name Description Crossbar Capability Additional Digital
Functions

Analog Functions

18 P1.2 Multifunction I/O Yes P1MAT.2

CLU0A.13

CLU1A.11

CLU2B.10

CLU3A.12

ADC0.8

19 P1.1 Multifunction I/O Yes P1MAT.1

CLU0B.12

CLU1B.10

CLU2A.11

CLU3B.13

ADC0.7

20 P1.0 Multifunction I/O Yes P1MAT.0

CLU0A.12

CLU1A.10

CLU2A.10

CLU3B.12

ADC0.6

21 P0.7 Multifunction I/O Yes P0MAT.7

INT0.7

INT1.7

CLU1OUT

CLU0B.11

CLU1B.9

CLU3A.11

ADC0.5

CMP0P.5

CMP0N.5

CMP1P.1

CMP1N.1

22 P0.6 Multifunction I/O Yes P0MAT.6

CNVSTR

INT0.6

INT1.6

CLU0A.11

CLU1B.8

CLU3A.10

ADC0.4

CMP0P.4

CMP0N.4

CMP1P.0

CMP1N.0

23 P0.5 Multifunction I/O Yes P0MAT.5

INT0.5

INT1.5

UART0_RX

CLU0B.10

CLU1A.9

CLU3B.11

ADC0.3

CMP0P.3

CMP0N.3
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Dimension Min Typ Max

Note:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Solid State Outline MO-220.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body Components.

 

EFM8BB3 Data Sheet
QFN32 Package Specifications

silabs.com | Smart. Connected. Energy-friendly. Rev. 1.01  |  56



Dimension Min Max

Note:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.
4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is calculated based on a Fabri-

cation Allowance of 0.05mm.
5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad is to be 60 µm

minimum, all the way around the pad.
6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good solder paste release.
7. The stencil thickness should be 0.125 mm (5 mils).
8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
9. A 2 x 2 array of 1.10 mm square openings on a 1.30 mm pitch should be used for the center pad.

10. A No-Clean, Type-3 solder paste is recommended.
11. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.

 

7.3  QFN32 Package Marking

PPPPPPPP
YYWW
TTTTTT  #

EFM8

Figure 7.3.  QFN32 Package Marking

The package marking consists of:
• PPPPPPPP – The part number designation.
• TTTTTT – A trace or manufacturing code.
• YY – The last 2 digits of the assembly year.
• WW – The 2-digit workweek when the device was assembled.
• # – The device revision (A, B, etc.).
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8.2   QFP32 PCB Land Pattern

Figure 8.2.   QFP32 PCB Land Pattern Drawing

Table 8.2.   QFP32 PCB Land Pattern Dimensions

Dimension Min Max

C1 8.40 8.50

C2 8.40 8.50

E 0.80 BSC

X1 0.55

Y1 1.5

Note:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad is to be 60 µm

minimum, all the way around the pad.
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
7. A No-Clean, Type-3 solder paste is recommended.
8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body Components.
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10.  QSOP24 Package Specifications

10.1   QSOP24 Package Dimensions

Figure 10.1.   QSOP24 Package Drawing

Table 10.1.   QSOP24 Package Dimensions

Dimension Min Typ Max

A — — 1.75

A1 0.10 — 0.25

b 0.20 — 0.30

c 0.10 — 0.25

D 8.65 BSC

E 6.00 BSC

E1 3.90 BSC

e 0.635 BSC

L 0.40 — 1.27

theta 0º — 8º
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