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3. System Overview

3.1 Introduction
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Figure 3.1. Detailed EFM8SB2 Block Diagram
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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
Suspend » Core and digital peripherals halted 1. Switch SYSCLK to + RTCO Alarm Event
« Internal oscillators disabled HFOSCO or LPOSCO | . RTCO Fail Event
+ Code resumes execution on wake event 2.Set SUSPEND bitin | . port Match Event
PMUOCF .
» Comparator 0 Rising
Edge
Sleep * Most internal power nets shut down 1. Disable unused ana- + RTCO Alarm Event
« Select circuits remain powered log peripherals + RTCO Fail Event
+ Pins retain state 2.Set SLEEP bit in + Port Match Event
+ All RAM and SFRs retain state PMUOCF » Comparator 0 Rising
+ Code resumes execution on wake event Edge
3.3 10

Digital and analog resources are externally available on the device’s multi-purpose 1/O pins. Port pins P0.0-P2.6 can be defined as gen-
eral-purpose /O (GPIO), assigned to one of the internal digital resources through the crossbar or dedicated channels, or assigned to an
analog function. Port pin P2.7 can be used as GPIO. Additionally, the C2 Interface Data signal (C2D) is shared with P2.7.

+ Up to 24 multi-functions 1/O pins, supporting digital and analog functions.

+ Flexible priority crossbar decoder for digital peripheral assignment.

» Two drive strength settings for each pin.

» 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 20 MHz low power oscillator divided by 8.

» Provides clock to core and peripherals.

* 20 MHz low power oscillator (LPOSCO), accurate to +/- 10% over supply and temperature corners.

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

» External RTC 32 kHz crystal.

» External RC, C, CMOS, and high-frequency crystal clock options (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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External Memory Interface (EMIFO0)

The External Memory Interface (EMIF) enables access of off-chip memories and memory-mapped devices connected to the GPIO
ports. The external memory space may be accessed using the external move instruction (MOVX) with the target address specified in
either 8-bit or 16-bit formats.

» Supports multiplexed memory access.
» Four external memory modes:
* Internal only.
» Split mode without bank select.
» Split mode with bank select.
« External only
» Configurable ALE (address latch enable) timing.
» Configurable address setup and hold times.
» Configurable write and read pulse widths.

16/32-bit CRC (CRCO0)

The cyclic redundancy check (CRC) module performs a CRC using a 16-bit or 32-bit polynomial. CRCO accepts a stream of 8-bit data
and posts the result to an internal register. In addition to using the CRC block for data manipulation, hardware can automatically CRC
the flash contents of the device.

The CRC module is designed to provide hardware calculations for flash memory verification and communications protocols. The CRC
module includes the following features:

» Support for CCITT-16 polynomial (0x1021).

» Support for CRC-32 polynomial (0x04C11DB7).

* Byte-level bit reversal.

+ Automatic CRC of flash contents on one or more 1024-byte blocks.

+ Initial seed selection of 0x0000/0x00000000 or OxFFFF/OXFFFFFFFF.

3.7 Analog

Programmable Current Reference (IREF0)

The programmable current reference (IREF0) module enables current source or sink with two output current settings: Low Power Mode
and High Current Mode. The maximum current output in Low Power Mode is 63 pA (1 pA steps) and the maximum current output in
High Current Mode is 504 pA (8 pA steps).

The IREF module includes the following features:
» Capable of sourcing or sinking current in programmable steps.
» Two operational modes: Low Power Mode and High Current Mode.

silabs.com | Smart. Connected. Energy-friendly.
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Parameter Symbol Conditions Min Typ Max Units
Sleep Mode Supply Current (RTC | Ipp 1.8V, T=25°C — 0.05 — MA
off) 36V, T=25°C — 0.12 — HA
18V, T=85°C — 0.75 — HA
36V, T=85°C — 1.20 — MA
Vpp Monitor Supply Current lvmMoN — 7 — MA
Oscillator Supply Current IHFosCco 25°C — 300 — uA
ADCO Always-on Power Supply laDc 300 ksps — 800 — MA
Current” Voo = 3.0V
Tracking — 680 — uA
Vpp=3.0V
Comparator 0 (CMPQ) Supply Cur- | Icmp CPMD =11 — 0.4 — MA
rent CPMD =10 — 2.6 — HA
CPMD =01 — 8.8 — MA
CPMD =00 — 23 — HA
Internal Fast-settling 1.65V ADCO | lyreFFs — 200 — A
Reference, Always-on8
On-chip Precision Reference IVREFP — 15 — MA
Temp sensor Supply Current ITsENSE — 35 — MA
Programmable Current Reference |lrgr Current Source, Either Power — 10 — MA
(IREFO) Supply Current® Mode, Any Output Code
Low Power Mode, Current Sink — 1 — MA
IREFODAT = 000001
Low Power Mode, Current Sink — 11 — pA
IREFODAT = 111111
High Current Mode, Current Sink — 12 — MA
IREFODAT = 000001
High Current Mode, Current Sink — 81 — MA

IREFODAT = 111111

silabs.com | Smart. Connected. Energy-friendly.
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Parameter Symbol Test Condition
Endurance (Write/Erase Cycles) Nwe 1k 30 k — Cycles
Note:

1. Does not include sequencing time before and after the write/erase operation, which may be multiple SYSCLK cycles.
2. Data Retention Information is published in the Quarterly Quality and Reliability Report.

Table 4.5. Power Management Timing

Parameter

Test Condition

Idle Mode Wake-up Time tiDLEWK 2 — 3 SYSCLKs
Suspend Mode Wake-up Time tsus. CLKDIV = 0x00 — 400 — ns
PENDWK Precision Osc.
CLKDIV = 0x00 — 1.3 — us
Low Power Osc.
Sleep Mode Wake-up Time tSLEEPWK — 2 — us

Parameter

Table 4.6. Internal Oscillators

Test Condition

High Frequency Oscillator 0 (24.5 MHz)

Oscillator Frequency furFosco Full Temperature and Supply 24 24.5 25 MHz
Range

Low Power Oscillator (20 MHz)

Oscillator Frequency fLposc Full Temperature and Supply 18 20 22 MHz
Range

RTC in Self-Oscillate Mode

Oscillator Frequency fLFosc Bias Off — 12+5 — kHz
Bias On — 25+10 — kHz

Parameter

Table 4.7. Crystal Oscillator

Test Condition

Crystal Frequency

fxTAL

0.02

25

MHz

Parameter

Table 4.8. External Clock Input

Test Condition

External Input CMOS Clock fcmos 0 — 25 MHz
Frequency (at EXTCLK pin)

External Input CMOS Clock High | tcmosH 18 — — ns
Time

External Input CMOS Clock Low tcmosL 18 — — ns
Time

silabs.com | Smart. Connected. Energy-friendly.
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Parameter

Test Condition

Input Offset Tempco

Symbol

TCorr

3.5

— uv/°C

Parameter

Table 4.13. Programmable Current Reference (IREF0)

Symbol

Conditions

Static Performance

Resolution Nbits 6 bits

Output Compliance Range Viout Low Power Mode, Source 0 — Vpp—-0.4 \%
High Current Mode, Source 0 — Vpp - 0.8 \%
Low Power Mode, Sink 0.3 — Vbp \%
High Current Mode, Sink 0.8 — Vbb \%

Integral Nonlinearity INL — <+0.2 1.0 LSB

Differential Nonlinearity DNL — <+0.2 +1.0 LSB

Offset Error Eorr — <+0.1 0.5 LSB

Full Scale Error Ers Low Power Mode, Source — — 5 %
High Current Mode, Source — — 6 %
Low Power Mode, Sink — — 8 %
High Current Mode, Sink — — +8 %

Absolute Current Error EaBs Low Power Mode Sourcing 20 pA — <1 +3 %

Dynamic Performance

Output Settling Time to 1/2 LSB tSETTLE — 300 — ns

Startup Time tPwr — 1 — us

Note:

1. The PCA block may be used to improve IREFO resolution by PWMing the two LSBs.

Table 4.14. Port /O

Parameter Test Condition
Output High Voltage (High Drive) | Von loH =-3 mA Vpp-0.7 — — \%
Output Low Voltage (High Drive) VoL loL =8.5mA — — 0.6 \Y
Output High Voltage (Low Drive) VoH lon =—-1mA Vpp—-0.7 — — \%
Output Low Voltage (Low Drive) VoL lor =14 mA — — 0.6 \%
Input High Voltage ViH Vpp=2.0t03.6V Vpp—0.6 — — \%
Vpp=18t02.0V 0.7 x Vpp — — V
Input Low Voltage ViL Vpp=2.0t0 3.6V — — 0.6 \%
Vpp=18t02.0V — — 0.3 xVpp \

silabs.com | Smart. Connected. Energy-friendly.
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4.4 Typical Performance Curves
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Figure 4.2. Typical Vg Curves
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18 Typical VOL (High Drive Mode) 18 Typical VOL (Low Drive Mode)
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions

R Functions

5 N/C No Connection

6 RSTb / Active-low Reset /

C2CK C2 Debug Clock
7 P2.7/ Multifunction 1/O /
C2D C2 Debug Data

8 P2.6 Multifunction 1/0 Yes EMIF_WRb ADCO0.22
CMPOP.11
CMP1P.11

9 XTAL4 RTC Crystal XTAL4

10 XTAL3 RTC Crystal XTAL3

11 P2.5 Multifunction 1/0 Yes EMIF_RDb ADCO0.21
CMPON.10
CMP1N.10

12 P2.4 Multifunction 1/0 Yes EMIF_ALE ADCO0.20
CMPOP.10
CMP1P.10

13 P2.3 Multifunction 1/0O Yes EMIF_A11 ADCO0.19
CMPON.9
CMP1N.9

14 P2.2 Multifunction 1/0O Yes EMIF_A10 ADCO0.18
CMPOP.9
CMP1P.9

15 P2.1 Multifunction 1/O Yes EMIF_A9 ADCO0.17
CMPON.8
CMP1N.8

16 P2.0 Multifunction 1/O Yes EMIF_A8 ADCO0.16
CMPOP.8
CMP1P.8

17 P1.7 Multifunction 1/0 Yes P1MAT.7 ADCO0.15

EMIF_AD7 CMPON.7

CMP1N.7

18 P1.6 Multifunction 1/0 Yes P1MAT.6 ADCO0.14

EMIF_AD6 CMPOP.7

CMP1P.7
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6.2 EFM8SB2x-QFN24 Pin Definitions
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Figure 6.2. EFM8SB2x-QFN24 Pinout

Table 6.2. Pin Definitions for EFM8SB2x-QFN24

Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions

Number

1 N/C No Connection

2 GND Ground

3 VDD Supply Power Input

4 N/C No Connection

5 N/C No Connection
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6.3 EFM8SB2x-QFP32 Pin Definitions

[ 31 ] PO.1
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[ 297] PO.3
[ 28] P0.4
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[ 25 ] PO.7
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Figure 6.3. EFM8SB2x-QFP32 Pinout

Table 6.3. Pin Definitions for EFM8SB2x-QFP32

Pin Name Description Crossbar Capability Additional Digital

Functions

Analog Functions

1 N/C No Connection

2 GND Ground

3 VDD Supply Power Input

4 N/C No Connection

5 N/C No Connection

6 RSTb / Active-low Reset /
C2CK C2 Debug Clock

7 P2.7/ Multifunction 1/O /
Cc2D C2 Debug Data

silabs.com | Smart. Connected. Energy-friendly.
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
21 P1.3 Multifunction 1/0O Yes P1MAT.3 ADCO0.11
SPI1_NSS CMPON.5
EMIF_AD3 CMP1N.5
22 P1.2 Multifunction 1/O Yes P1MAT.2 ADCO0.10
SPI1_MOSI CMPOP.5
EMIF_AD2 CMP1P.5
23 P1.1 Multifunction I/O Yes P1MAT A ADCO0.9
SPI1_MISO CMPON .4
EMIF_AD1 CMP1N .4
24 P1.0 Multifunction 1/0O Yes P1MAT.0 ADCO0.8
SPI1_SCK CMPOP.4
EMIF_ADO CMP1P.4
25 P0.7 Multifunction 1/0O Yes POMAT.7 ADCO0.7
INTO.7 IREFO
INT1.7 CMPON.3
CMP1N.3
26 P0.6 Multifunction 1/O Yes POMAT.6 ADCO0.6
CNVSTR CMPOP.3
INTO.6 CMP1P.3
INT1.6
27 P0.5 Multifunction 1/O Yes POMAT.5 ADCO0.5
INTO.5 CMPON.2
INT1.5 CMP1N.2
28 P0.4 Multifunction 1/0O Yes POMAT .4 ADCO0.4
INTO0.4 CMPOP.2
INT1.4 CMP1P.2
29 P0.3 Multifunction 1/O Yes POMAT.3 ADCO0.3
EXTCLK XTAL2
INTO.3 CMPON.1
INT1.3 CMP1N.1
30 P0.2 Multifunction 1/0O Yes POMAT.2 ADCO0.2
INTO.2 CMPOP.1
INT1.2 CMP1P.1
XTAL1
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
N Functions
31 P0.1 Multifunction I/O Yes POMAT 1 ADCO0.1
INTO.1 AGND
INT1.1 CMPON.0
CMP1N.0
32 PO0.0 Multifunction I/O Yes POMAT.O ADCO0.0
INTO.0 CMPOP.0
INT1.0 CMP1P.0
VREF
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7.2 QFN32 PCB Land Pattern
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Figure 7.2. QFN32 PCB Land Pattern Drawing

Table 7.2. QFN32 PCB Land Pattern Dimensions

Dimension Min Max
C1 4.80 4.90
C2 4.80 4.90
E 0.50 BSC

X1 0.20 0.30
X2 3.20 3.40
Y1 0.75 0.85
Y2 3.20 3.40
Note:

minimum, all the way around the pad.

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 ym

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 3 x 3 array of 1.0 mm x 1.0 mm openings on a 1.2 mm pitch should be used for the center pad.
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body Components.
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7.3 QFN32 Package Marking

* EFM8
PPPPPPPP
TTTTTT

YYWW #
A

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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Dimension Min Typ Max
bbb — — 0.10
ddd — — 0.05
eee — — 0.08
z — 0.24 —
Y — 0.18 —
Note:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y 14.5M-1994.

3. This drawing conforms to JEDEC Solid State Outline MO-220, variation WGGD except for custom features D2, E2, Z, Y, and L

which are toleranced per supplier designation.

4.Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body Components.
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Dimension Min Max

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 ym
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 2 x 2 array of 1.10 mm x 1.10 mm openings on 1.30 mm pitch should be used for the center ground pad.

8. A No-Clean, Type-3 solder paste is recommended.

9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.

8.3 QFN24 Package Marking
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Figure 8.3. QFN24 Package Marking

The package marking consists of:

* PPPPPPPP — The part number designation.

o 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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9. QFP32 Package Specifications

9.1 QFP32 Package Dimensions
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Figure 9.1. QFP32 Package Drawing

Table 9.1. QFP32 Package Dimensions

Dimension Min Typ Max

A — — 1.60

A1 0.05 — 0.15

A2 1.35 1.40 1.45
0.30 0.37 0.45

D 9.00 BSC

D1 7.00 BSC

e 0.80 BSC

E 9.00 BSC

E1 7.00 BSC

L 0.45 0.60 0.75

aaa 0.20
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Dimension Min Typ Max
bbb 0.20

cce 0.10

ddd 0.20

theta 0° 3.5° 7°
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 outline MS-026, variation BBA.

4.Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small Body Components.
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