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2. Ordering Information

Erma]BB1]0F]8]GRIARQsOP24]R
|—> Tape and Reel (Optional)

L Package Type

Revision
Temperature Grade G (-40 to +85), | (-40 to +125), A (-40 to +125, Automotive Grade)
—— Flash Memory Size — 8 KB
—— Memory Type (Flash)
—— Family Feature Set
—— Busy Bee 1 Family
— Silicon Labs EFM8 Product Line

Figure 2.1. EFM8BB1 Part Numbering

All EFM8BB1 family members have the following features:

» CIP-51 Core running up to 25 MHz

* Two Internal Oscillators (24.5 MHz and 80 kHz)

* SMBus/12C

* SPI

* UART

+ 3-Channel Programmable Counter Array (PWM, Clock Generation, Capture/Compare)
* 4 16-bit Timers

* 2 Analog Comparators

» 12-bit Analog-to-Digital Converter with integrated multiplexer, voltage reference, and temperature sensor
+ 16-bit CRC Unit

» AEC-Q100 qualified

* Pre-loaded UART bootloader

In addition to these features, each part number in the EFM8BB1 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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EFM8BB10F8G-A-QSOP24 8 512 18 16 8 8 Yes -40to +85 C | QSOP24
EFM8BB10F8G-A-QFN20 8 512 16 15 8 7 Yes -40 to +85 C | QFN20
EFM8BB10F8G-A-SOIC16 8 512 13 12 6 6 Yes -40to +85 C |SOIC16
EFM8BB10F4G-A-QFN20 4 512 16 15 8 7 Yes -40to +85 C | QFN20
EFM8BB10F2G-A-QFN20 2 256 16 15 8 7 Yes -40to +85 C | QFN20
EFM8BB10F8I-A-QSOP24 8 512 18 16 8 8 Yes -40 to +125 C | QSOP24
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3. System Overview

3.1 Introduction
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Figure 3.1. Detailed EFM8BB1 Block Diagram

This section describes the EFM8BB1 family at a high level. For more information on each module including register definitions, see the
EFM8BB1 Reference Manual.
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3.2 Power

All internal circuitry draws power from the VDD supply pin. External 1/O pins are powered from the VIO supply voltage (or VDD on devi-
ces without a separate VIO connection), while most of the internal circuitry is supplied by an on-chip LDO regulator. Control over the
device power can be achieved by enabling/disabling individual peripherals as needed. Each analog peripheral can be disabled when
not in use and placed in low power mode. Digital peripherals, such as timers and serial buses, have their clocks gated off and draw little
power when they are not in use.

Table 3.1. Power Modes

Power Mode Details Mode Entry Wake-Up Sources
Normal Core and all peripherals clocked and fully operational | — —
Idle + Core halted Set IDLE bit in PCONO Any interrupt

+ All peripherals clocked and fully operational
» Code resumes execution on wake event

Stop + Allinternal power nets shut down 1.Clear STOPCF bitin | Any reset source
* Pins retain state REGOCN
« Exit on any reset source 2.Set STOP bit in
PCONO
Shutdown + Allinternal power nets shut down 1.Set STOPCEF bit in * RSTb pin reset
« Pins retain state REGOCN + Power-on reset
+ Exit on pin or power-on reset 2.Set STOP bit in
PCONO
33 10

Digital and analog resources are externally available on the device’s multi-purpose 1/O pins. Port pins P0.0-P1.7 can be defined as gen-
eral-purpose 1/0 (GPIO), assigned to one of the internal digital resources through the crossbar or dedicated channels, or assigned to an
analog function. Port pins P2.0 and P2.1 can be used as GPIO. Additionally, the C2 Interface Data signal (C2D) is shared with P2.0.

» Up to 18 multi-functions /O pins, supporting digital and analog functions.

* Flexible priority crossbar decoder for digital peripheral assignment.

» Two drive strength settings for each port.

» Two direct-pin interrupt sources with dedicated interrupt vectors (INTO and INT1).
» Up to 16 direct-pin interrupt sources with shared interrupt vector (Port Match).

3.4 Clocking

The CPU core and peripheral subsystem may be clocked by both internal and external oscillator resources. By default, the system
clock comes up running from the 24.5 MHz oscillator divided by 8.

» Provides clock to core and peripherals.

* 24.5 MHz internal oscillator (HFOSCO), accurate to £2% over supply and temperature corners.

» 80 kHz low-frequency oscillator (LFOSCO).

» External CMOS clock input (EXTCLK).

+ Clock divider with eight settings for flexible clock scaling: Divide the selected clock source by 1, 2, 4, 8, 16, 32, 64, or 128.
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EFM8BB1 Data Sheet
System Overview

3.10 Bootloader

All devices come pre-programmed with a UART bootloader. This bootloader resides in the code security page, which is the last last
page of code flash; it can be erased if it is not needed.

The byte before the Lock Byte is the Bootloader Signature Byte. Setting this byte to a value of 0xA5 indicates the presence of the boot-
loader in the system. Any other value in this location indicates that the bootloader is not present in flash.

When a bootloader is present, the device will jump to the bootloader vector after any reset, allowing the bootloader to run. The boot-
loader then determines if the device should stay in bootload mode or jump to the reset vector located at 0x0000. When the bootloader
is not present, the device will jump to the reset vector of 0x0000 after any reset.

More information about the bootloader protocol and usage can be found in AN945: EFM8 Factory Bootloader User Guide. Application
notes can be found on the Silicon Labs website (www.silabs.com/8bit-appnotes) or within Simplicity Studio by using the [Application
Notes] tile.

OXFFFF

Reserved

0x2000
Ox1FFF Lock Byte
Ox1FFE %
Ox1FFD g
Security Page z
512 Bytes [21]
OxIECD <— Bootloader Vector
8 KB Flash
(16 x 512 Byte pages)
0x0000

<€— Reset Vector

Figure 3.2. Flash Memory Map with Bootloader—8 KB Devices

Table 3.2. Summary of Pins for Bootloader Communication

Bootloader Pins for Bootload Communication
UART TX-P0.4
RX -P0.5

silabs.com | Smart. Connected. Energy-friendly. Rev.1.5 | 10
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Parameter Symbol  Test Condition Min Typ Max Unit
ADCO Always-on* lapc 800 ksps, 10-bit conversions or — 845 1200 MA
200 ksps, 12-bit conversions
Normal bias settings
Vpp=3.0V
250 ksps, 10-bit conversions or — 425 580 A
62.5 ksps 12-bit conversions
Low power bias settings
Vpp=3.0V
ADCO Burst Mode, 10-bit single lapc 200 ksps, Vpp=3.0V — 370 — MA
conversions, external reference
100 ksps, Vpp =3.0 V — 185 — MA
10 ksps, Vpp =3.0V — 19 — A
ADCO Burst Mode, 10-bit single lapc 200 ksps, Vpp=3.0V — 490 — MA
conversions, internal reference,
Low power bias settings 100 ksps, Vpp =3.0V — 245 — uA
10 ksps, Vpp =3.0V — 23 — A
ADCO Burst Mode, 12-bit single lapc 100 ksps, Vpp =3.0V — 530 — MA
conversions, external reference
50 ksps, Vpp =3.0V — 265 — MA
10 ksps, Vpp=3.0V — 53 — WA
ADCO Burst Mode, 12-bit single lapc 100 ksps, Vpp =3.0V, — 950 — MA
conversions, internal reference
Normal bias
50 ksps, Vpp = 3.0V, — 420 — HA
Low power bias
10 ksps, Vpp =3.0V, — 85 — MA
Low power bias
Internal ADCO Reference, Always- | lyRerrs Normal Power Mode — 680 790 A
on® Low Power Mode — 160 210 uA
Temperature Sensor ITseNSE — 75 120 A
Comparator 0 (CMPO0), lcmp CPMD =11 — 0.5 — HA
Comparator 1 (CMP1) CPMD =10 — 3 — A
CPMD =01 — 10 — MA
CPMD = 00 — 25 — MA
Voltage Supply Monitor (VMONO) | lymonN — 15 20 MA

silabs.com | Smart. Connected. Energy-friendly.
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Parameter Symbol  Test Condition Min Typ Max Unit

Slope Error Em 12 Bit Mode — +0.02 0.1 %
10 Bit Mode — +0.06 10.24 %

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

Signal-to-Noise SNR 12 Bit Mode 61 66 — dB
10 Bit Mode 53 60 — dB

Signal-to-Noise Plus Distortion SNDR 12 Bit Mode 61 66 — dB
10 Bit Mode 53 60 — dB

Total Harmonic Distortion (Up to THD 12 Bit Mode — 71 — dB

Sth Harmonic) 10 Bit Mode — 70 — dB

Spurious-Free Dynamic Range SFDR 12 Bit Mode — -79 — dB
10 Bit Mode — -74 — dB

Note:

1. Absolute input pin voltage is limited by the Vpp supply.

4.1.8 Voltage Reference

Parameter

Symbol

Table 4.8. Voltage Reference

Test Condition

Internal Fast Settling Reference

3.0V

Output Voltage VREFFs 1.65 V Setting 1.62 1.65 1.68

(Full Temperature and Supply 2.4V Setting, Vpp22.6V 2.35 24 2.45

Range)

Temperature Coefficient TCREFES — 50 — ppm/°C

Turn-on Time tREFFS — — 1.5 us

Power Supply Rejection PSRRRgr — 400 — ppm/V
FS

External Reference

Input Current IEXTREF Sample Rate = 800 ksps; VREF = — 5 — HA

silabs.com | Smart. Connected. Energy-friendly.
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4.1.9 Temperature Sensor

Table 4.9. Temperature Sensor

Parameter Symbol  Test Condition Min Typ Max Unit
Offset Vorr Ta=0°C — 757 — mV
Offset Error’ Eorr Ta=0°C — 17 — mV
Slope M — 2.85 — mV/°C
Slope Error! Em — 70 — pv/°eC
Linearity — 0.5 — °C
Turn-on Time — 1.8 — us
Note:

1. Represents one standard deviation from the mean.

4.1.10 1.8 V Internal LDO Voltage Regulator

Table 4.10. 1.8V Internal LDO Voltage Regulator

Parameter Symbol Test Condition

Output Voltage Vout 1.8v 1.74 1.8 1.85 v

silabs.com | Smart. Connected. Energy-friendly. Rev. 1.5 | 20
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Parameter Test Condition
Negative Hysteresis HYScp- CPHYN =00 — -1.5 — mV
Mode 3 (CPMD = 11) CPHYN =01 — —4 — mV
CPHYN =10 — -8 — mV
CPHYN = 11 — -16 — mV
Input Range (CP+ or CP-) VN -0.25 — Vpp+0.25 \%
Input Pin Capacitance Cecp — 7.5 — pF
Common-Mode Rejection Ratio CMRRcp — 70 — dB
Power Supply Rejection Ratio PSRRcp — 72 — dB
Input Offset Voltage VorF Ta=25°C -10 0 10 mV
Input Offset Tempco TCoFF — 3.5 — pv/°C

silabs.com | Smart. Connected. Energy-friendly. Rev. 1.5 | 22
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1200 10-bit Burst Mode, Single Conversions 1200 12-bit Burst Mode, Single Conversions
— Nolrmal Bias,l Internal Flieference I I — Nolrmal Bias, Ilnternal Réference I |
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Figure 4.4. Typical ADCO and Internal Reference Supply Current in Burst Mode
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5. Typical Connection Diagrams

5.1 Power

Figure 5.1 Power Connection Diagram on page 31 shows a typical connection diagram for the power pins of the EFM8BB1 devices.

2.2-3.6 V (in) EFMSBB1

P S Device

1 uF and 0.1 pF bypass VDD

capacitors required for

the power pins placed T T

as close to the pins as
possible.

1 GND

Figure 5.1. Power Connection Diagram

5.2 Debug

The diagram below shows a typical connection diagram for the debug connections pins. The pin sharing resistors are only required if
the functionality on the C2D (a GPIO pin) and the C2CK (RSTb) is routed to external circuitry. For example, if the RSTb pin is connec-
ted to an external switch with debouncing filter or if the GPIO sharing with the C2D pin is connected to an external circuit, the pin shar-
ing resistors and connections to the debug adapter must be placed on the hardware. Otherwise, these components and connections
can be omitted.

For more information on debug connections, see the example schematics and information available in application note, "AN127: Pin
Sharing Techniques for the C2 Interface." Application notes can be found on the Silicon Labs website (http://www.silabs.com/8bit-app-
notes) or in Simplicity Studio.

VDD
EFM8BB1 Device - External
System
NN\ ‘
1k 1k
(if pin sharing)
(if pin sharing)
1AM
1k 1k

Debug Adapter

Figure 5.2. Debug Connection Diagram
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5.3 Other Connections

Other components or connections may be required to meet the system-level requirements. Application note, "AN203: 8-bit MCU Printed
Circuit Board Design Notes", contains detailed information on these connections. Application Notes can be accessed on the Silicon
Labs website (www.silabs.com/8bit-appnotes).
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6. Pin Definitions

6.1 EFM8BB1x-QSOP24 Pin Definitions

NC [ 1] O [ 24 ] N/IC

P02 [ 2 | [ 23 ] PO.3

P01 [3] %] Pos
PO.0 [ 4 | [ 217 ] P05
GND [ 5 | 20 | P06
vob 6 || 24 pin QSOP |19 ] po7

(Top View)

RSTb/C2CK [ _7_| 18 ] P10
C2D/P2.0 [ 8 | 17 ] P11
P17 [9 ] [ 16 | P12
P1.6 [10 [ 15 ] P13
P15 [ 11| [ 14 ] p14

P21 [[12] 13 | NIC

Figure 6.1. EFM8BB1x-QSOP24 Pinout

Table 6.1. Pin Definitions for EFM8BB1x-QSOP24

Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions

Number

1 N/C No Connection

2 P0.2 Multifunction 1/0 Yes POMAT.2 ADCO0.2
INTO.2 CMPOP.2
INT1.2 CMPON.2
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
3 PO.1 Multifunction I/O Yes POMAT 1 ADCO0.1
INTO.1 CMPOP.1
INT1.1 CMPON.1
AGND
4 P0.0 Multifunction 1/0O Yes POMAT.O ADCO0.0
INTO.0 CMPOP.0
INT1.0 CMPON.0
VREF
5 GND Ground
6 VDD Supply Power Input
7 RSTb / Active-low Reset /
C2CK C2 Debug Clock
8 P2.0/ Multifunction 1/0 /
c2D C2 Debug Data
9 P1.7 Multifunction 1/O Yes P1MAT.7 ADCO0.15
CMP1P.7
CMP1N.7
10 P1.6 Multifunction 1/O Yes P1MAT.6 ADCO0.14
CMP1P.6
CMP1N.6
11 P1.5 Multifunction 1/0O Yes P1MAT.5 ADCO0.13
CMP1P.5
CMP1N.5
12 P2.1 Multifunction 1/0
13 N/C No Connection
14 P1.4 Multifunction 1/O Yes P1MAT .4 ADCO0.12
CMP1P.4
CMP1N.4
15 P1.3 Multifunction 1/0 Yes P1MAT.3 ADCO0.11
CMP1P.3
CMP1N.3
16 P1.2 Multifunction 1/0 Yes P1MAT.2 ADCO0.10
CMP1P.2
CMP1N.2
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
17 P1.1 Multifunction 1/0 Yes P1MAT.1 ADCO0.9
CMP1P.1
CMP1N.1
18 P1.0 Multifunction 1/O Yes P1MAT.0 ADCO0.8
CMP1P.0
CMP1N.0
19 P0.7 Multifunction 1/O Yes POMAT.7 ADCO0.7
INTO.7 CMPOP.7
INT1.7 CMPON.7
20 P0.6 Multifunction 1/0O Yes POMAT.6 ADCO0.6
CNVSTR CMPOP.6
INTO.6 CMPON.6
INT1.6
21 P0.5 Multifunction 1/O Yes POMAT.5 ADCO0.5
INTO.5 CMPOP.5
INT1.5 CMPON.5
22 P0.4 Multifunction 1/0O Yes POMAT .4 ADCO0.4
INTO0.4 CMPOP.4
INT1.4 CMPON .4
23 P0.3 Multifunction 1/0 Yes POMAT.3 ADCO0.3
EXTCLK CMPOP.3
INTO.3 CMPON.3
INT1.3
24 N/C No Connection
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6.2 EFM8BB1x-QFN20 Pin Definitions

N ™ % W
o o o o
[a o o [a
o » o] N~
PO.1 ! \‘\J - - L‘; S poe
poo | 2 ) / ( 15 | PO.7
GND | 3 ] 14 | P1.0
EEDREPY bin QFN (4]
voD [ 4 ) (Top View) (13 | P11
RSTb/C2CK | 5 ) GND (12 | GND
P20/C2D || 4 qQ . F; || P12
© v % o
o o o o

Figure 6.2. EFM8BB1x-QFN20 Pinout

Table 6.2. Pin Definitions for EFM8BB1x-QFN20

Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions
1 P0.1 Multifunction I/O Yes POMAT 1 ADCO0.1
INTO.1 CMPOP.1
INT1.1 CMPON.1
AGND
2 PO0.0 Multifunction I/O Yes POMAT.O ADCO0.0
INTO.0 CMPOP.0
INT1.0 CMPON.0
VREF
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
3 GND Ground
4 VDD Supply Power Input
5 RSTb / Active-low Reset /
C2CK C2 Debug Clock
6 P2.0/ Multifunction 1/O /
Cc2D C2 Debug Data
7 P1.6 Multifunction 1/0O Yes P1MAT.6 ADCO0.14
CMP1P.6
CMP1N.6
8 P1.5 Multifunction 1/0 Yes P1MAT.5 ADCO0.13
CMP1P.5
CMP1N.5
9 P1.4 Multifunction 1/0O Yes P1MAT 4 ADCO0.12
CMP1P.4
CMP1N.4
10 P1.3 Multifunction 1/O Yes P1MAT.3 ADCO0.11
CMP1P.3
CMP1N.3
11 P1.2 Multifunction 1/O Yes P1MAT.2 ADCO0.10
CMP1P.2
CMP1N.2
12 GND Ground
13 P1.1 Multifunction 1/O Yes P1MAT A1 ADCO0.9
CMP1P.1
CMP1N.1
14 P1.0 Multifunction 1/0 Yes P1MAT.O ADCO0.8
CMP1P.0
CMP1N.O
15 P0.7 Multifunction 1/0 Yes POMAT.7 ADCO0.7
INTO.7 CMPOP.7
INT1.7 CMPON.7
16 P0.6 Multifunction 1/0 Yes POMAT.6 ADCO0.6
CNVSTR CMPOP.6
INTO.6 CMPON.6
INT1.6
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7.3 QSOP24 Package Marking

EFM8
PPPPPPPP #

[TTTTTYYWW ,;’\

Figure 7.3. QSOP24 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. QFN20 Package Specifications

8.1 QFN20 Package Dimensions

2X [2]aad[C]

D
PIN#1 IDENTIFY:
Laser Mark
B
// |ccc|C
| <C
W - - — | /
|
el
.
(2 |aaa|C
2X ”B” DETA”_ : ”B"
. \ L K
M|eee[C| || = ! =
SEATING PLANEN__ T T
2 "\ R
SIF@ICIAE] by
. ST ) '
] /
<+ [fif@ |C[A|B DJl'iJl'iJLD 20
D) ! ‘- L1 o
(= S < _Eb_bbb@CAlBl
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DN N
1=
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Figure 8.1. QFN20 Package Drawing
Table 8.1. QFN20 Package Dimensions
Dimension Min Typ Max
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
A3 0.20 REF
b 0.18 0.25 0.30
c 0.25 0.30 0.35
D 3.00 BSC
D2 1.6 1.70 1.80
e 0.50 BSC
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10. Revision History

10.1 Revision 1.5

October 7th, 2016

Added A-grade parts.

Added specifications for 4.1.13 SMBus.

Added bootloader pinout information to 3.10 Bootloader.

Added CRC Calculation Time to 4.1.4 Flash Memory.

Added Thermal Resistance (Junction to Case) for QFN20 packages to 4.2 Thermal Conditions.
Added a note linking to the Typical VOH and VOL Performance graphs in 4.1.12 Port 1/O.
Added 4.1.10 1.8 V Internal LDO Voltage Regulator.

Added a note to 3.1 Introduction referencing the Reference Manual.

10.2 Revision 1.4

April 22nd, 2016

Added a reference to AN945: EFM8 Factory Bootloader User Guide in 3.10 Bootloader.

Added I-grade devices.

Added a note that all GPIO values are undefined when VDD is below 1V to 4.1.1 Recommended Operating Conditions.

Adjusted the Total Current Sunk into Supply Pin and Total Current Sourced out of Ground Pin specifications in 4.3 Absolute Maximum
Ratings.

10.3 Revision 1.3

January 7th, 2016

Added 5.2 Debug.

Updated 3.10 Bootloader to include information about the bootloader implementation.

10.4 Revision 1.2

Updated Port 1/0O specifications in 4.1.12 Port I/O to include new Vg, specifications.

Added a note to Table 4.3 Reset and Supply Monitor on page 15 regarding guaranteed operation.
Updated package diagram and landing diagram specifications for the QFN20 package.

10.5 Revision 1.1

Initial release.
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