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EFM8UB2 Data Sheet
Feature List

1. Feature List

The EFM8UB2 highlighted features are listed below.
» Core:
* Pipelined CIP-51 Core
» Fully compatible with standard 8051 instruction set
» 70% of instructions execute in 1-2 clock cycles
* 48 MHz maximum operating frequency
* Memory:
* Up to 64 KB flash memory, in-system re-programmable
from firmware.

» Up to 4352 bytes RAM (including 256 bytes standard 8051
RAM and 4096 bytes on-chip XRAM)

* Power:
* Internal LDO regulator for CPU core voltage

* Internal 5-t0-3.3 V LDO allows direct connection to USB
supply net

* Power-on reset circuit and brownout detectors
» 1/0: Up to 40 total multifunction I/O pins:

* Flexible peripheral crossbar for peripheral routing

* 10 mA source, 25 mA sink allows direct drive of LEDs
» Clock Sources:

* Internal 48 MHz precision oscillator ( +1.5% accuracy
without USB clock recovery, £0.25% accuracy with USB
clock recovery)

* Internal 80 kHz low-frequency oscillator
» External crystal, RC, C, and CMOS clock options

* Timers/Counters and PWM:

» 5-channel Programmable Counter Array (PCA) supporting
PWM, capture/compare, and frequency output modes with
watchdog timer function

* 6 x 16-bit general-purpose timers
« Communications and Digital Peripherals:

* Universal Serial Bus (USB) Function Controller with eight
flexible endpoint pipes, integrated transceiver, and 1 KB
FIFO RAM

+ 2x UART
+ SPI™ Master / Slave
* 2 x SMBus™/I2C™ Master / Slave
» External Memory Interface (EMIF)
* Analog:
» 10-Bit Analog-to-Digital Converter (ADCO0)
» 2 x Low-current analog comparators
* On-Chip, Non-Intrusive Debugging
» Full memory and register inspection
* Four hardware breakpoints, single-stepping
* Pre-loaded USB bootloader
» Temperature range -40 to 85 °C
+ Single power supply 2.65 to 3.6 V
+ QFP48, QFP32, and QFN32 packages

With on-chip power-on reset, voltage supply monitor, watchdog timer, and clock oscillator, the EFM8UB2 devices are truly standalone
system-on-a-chip solutions. The flash memory is reprogrammable in-circuit, providing non-volatile data storage and allowing field up-
grades of the firmware. The on-chip debugging interface (C2) allows non-intrusive (uses no on-chip resources), full speed, in-circuit
debugging using the production MCU installed in the final application. This debug logic supports inspection and modification of memory
and registers, setting breakpoints, single stepping, and run and halt commands. All analog and digital peripherals are fully functional
while debugging. Each device is specified for 2.65 to 3.6 V operation and is available in 32-pin QFN, 32-pin QFP, or 48-pin QFP pack-

ages. All package options are lead-free and RoHS compliant.
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2. Ordering Information

EFm8luB2[0]F J64[GIgAR] QFP43 IR
L |—> Tape and Reel (Optional)

Package Type
Revision

Temperature Grade G (-40 to +85)
—— Flash Memory Size — 64 KB
—— Memory Type (Flash)
—— Family Feature Set
—— Universal Bee 2 Family
— Silicon Labs EFM8 Product Line

Figure 2.1. EFM8UB2 Part Numbering

All EFM8UB2 family members have the following features:

» CIP-51 Core running up to 48 MHz

* Two Internal Oscillators (48 MHz and 80 kHz)

» USB Full/Low speed Function Controller

* 5V-In, 3.3 V-Out Regulator

* 2 SMBus/I2C Interfaces

* SPI

+ 2UARTs

» 5-Channel Programmable Counter Array (PWM, Clock Generation, Capture/Compare)
* 6 16-bit Timers

» 2 Analog Comparators

+ 10-bit Differential Analog-to-Digital Converter with integrated multiplexer and temperature sensor
* Pre-loaded USB bootloader

In addition to these features, each part number in the EFM8UB2 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

External Memory
(RoHS Compliant)
Temperature Range

Inferface

Flash Memory (kB)

1
o
-
1o
o
[
(]
©
-
(4
=
(&]

Ordering Part
RAM (Bytes)
Digital Port
I/Os (Total)
ADCO Channels

Yes Yes Yes -40 to +85 °C | QFP48
— — Yes -40 to +85 °C | QFP32

EFM8UB20F64G-B-QFP48 64 4352 |40 32
EFM8UB20F64G-B-QFP32 64 4352 |25 20
EFM8UB20F64G-B-QFN32 64 4352 |25 20

— — Yes -40 to +85 °C | QFN32

Yes Yes Yes -40 to +85 °C | QFP48
— — Yes -40to +85 °C | QFP32

EFM8UB20F32G-B-QFP48 32 2304 |40 32

EFM8UB20F32G-B-QFP32 32 2304 |25 20
EFM8UB20F32G-B-QFN32 32 2304 |25 20

ARSI BRI Comparator 0 Inputs
sl BN R I Comparator 1 Inputs

— — Yes -40 to +85 °C | QFN32
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3. System Overview

3.1 Introduction

Cc2D Port I/0 Configuration
Debug / Programming

Hardware

C2CK/RSTb Digital Peripherals

Port 0
. —] PO.n
CIP-51 8051 Controller Drivers

Power-On Core

Reset Timers 0, 1,

Port 1
2,3,4,5 iori
1 Priority Drivers —DJ Pin
Crossbar
PCA/WDT Decoder

64/32 KB ISP Flash
Program Memory

Supply
Monitor

Vbbb Power 256 Byte RAM
4/2 KB XRAM

T

System Clock Setup

External Oscillator

Internal Oscillator

Port 2 X
SMBus 1 Drivers P2.n

Voltage

VREGIN [X] Regulators

Crossbar Control
| CrossbarControl | Port3 B I IR

Drivers

External Memory
Interface

Port 4 |X|
Drivers P4.n

Tl

Clock Low Freq.
Recovery Oscillator

¥

USB Peripheral

Controller
Full / Low

Speed

Transceiver
VBUS 1 KB RAM

Figure 3.1. Detailed EFM8UB2 Block Diagram

Analog Peripherals

VDD VREF l

Comparators

10-bit VDD
500ksps

ADC

This section describes the EFM8UB2 family at a high level. For more information on each module including register definitions, see the
EFM8UB2 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

Suspend » Core and peripheral clocks halted 1. Switch SYSCLK to USBO Bus Activity
» Code resumes execution on wake event HFOSCO
2.Set SUSPEND bit in
HFOOCN
Stop + All internal power nets shut down Set STOP bit in PCONO Any reset source

* Pins retain state
+ Exit on any reset source

Shutdown + Allinternal power nets shut down 1.Set STOPCEF bit in * RSTb pin reset
» 5V regulator remains active (if enabled) REGO1CN » Power-on reset
« Pins retain state 2.Set STOP bit in
PCONO

+ Exit on pin or power-on reset

3.3 10

Digital and analog resources are externally available on the device’s multi-purpose 1/O pins. Port pins P0.0-P3.7 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 pins P4.0-P4.7 can be used as GPIO. Additionally, the C2 Interface Data signal (C2D) is shared with P3.0 on
some packages.

+ Up to 40 multi-functions 1/O pins, supporting digital and analog functions.
» Flexible priority crossbar decoder for digital peripheral assignment.
» Two direct-pin interrupt sources with dedicated interrupt vectors (INTO and INT1) available on PO pins.

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 48 MHz oscillator divided by 4, then divided by 8 (1.5 MHz).

» Provides clock to core and peripherals.

* 48 MHz internal oscillator (HFOSCO), accurate to +1.5% over supply and temperature corners: accurate to +/- 0.25% when using
USB clock recovery.

» 80 kHz low-frequency oscillator (LFOSCO).

» External RC, C, CMOS, and high-frequency crystal clock options (EXTCLK) for QFP48 packages.
+ External CMOS clock option (EXTCLK) for QFP32 and QFN32 packages.

* Internal oscillator has clock divider with eight settings for flexible clock scaling: 1, 2, 4, or 8.

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

Note:
1. Currents are additive. For example, where Ipp is specified and the mode is not mutually exclusive, enabling the functions increa-
ses supply current by the specified amount.
2. Includes supply current from regulators, supply monitor, and High Frequency Oscillator.
3.Includes supply current from regulators, supply monitor, and Low Frequency Oscillator.

4.1.3 Reset and Supply Monitor

Table 4.3. Reset and Supply Monitor

Parameter Symbol Test Condition Min Typ Max Unit
VDD Supply Monitor Threshold VvbDMm 2.60 2.65 2.70 \%
Power-On Reset (POR) Threshold | Vpor Rising Voltage on VDD — 14 — \%
Falling Voltage on VDD 0.75 — 1.36 \%
VDD Ramp Time tRvP Time to Vpp > 2.7V — — 1 ms
Reset Delay from POR tPOR Relative to Vpp > Vpor 3 10 31 ms
Reset Delay from non-POR source |trsT Time between release of reset — — 250 us
source and code execution
RST Low Time to Generate Reset |trsTL 15 — — us
Missing Clock Detector Response | tycp FsyscLk >1 MHz 80 580 800 us

Time (final rising edge to reset)

VDD Supply Monitor Turn-On Time | tyon — — 100 us

4.1.4 Flash Memory

Table 4.4. Flash Memory

Parameter Test Condition

Write Time' twRrITE One Byte 10 15 20 us

Erase Time' tERASE One Page 10 15 225 ms

Vpp Voltage During Programming? | VProG 27 — 3.6 \%

Endurance (Write/Erase Cycles) Nwe 10k 100k — Cycles

CRC Calculation Time tcrc One 256-Byte Block — 55 — us
SYSCLK = 48 MHz

Note:
1. Does not include sequencing time before and after the write/erase operation, which may be multiple SYSCLK cycles.
2. Flash can be safely programmed at any voltage above the supply monitor threshold (Vyppwm)-
3. Data Retention Information is published in the Quarterly Quality and Reliability Report.

silabs.com | Smart. Connected. Energy-friendly. Rev.1.3 | 13
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Parameter Symbol  Test Condition Min Typ Max Unit
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 — 60 — dB
Power Supply Rejection Ratio PSRRcp — 60 — dB
Input Offset Voltage VorF Ta=25°C -10 0 10 mV
4.1.13 Port I/O

Table 4.13. Port1/O

Parameter Symbol  Test Condition

Output High Voltage VoH loy=-3mA Vpp- 0.7 — — \%
loq =-10 A Vpp- 0.1 — — \Y

Output Low Voltage VoL loL =8.5mA — — 0.6 \%
loL =10 pA — — 0.1 \Y

Input High Voltage ViH 2.0 — — \%

Input Low Voltage ViL — — 0.8 \

Pin Capacitance Cio — 7 — pF

Weak Pull-Up Current Ipy Vpp = 3.6 -50 -15 — MA

(ViN=0V)

Input Leakage (Pullups off or Ana- |l g GND < VN < Vpp -1 — 1 MA

log)

Input Leakage Current with Vg Lk Vpp <V|N < Vpp+2.0V 0 5 150 MA

above Vpp

silabs.com | Smart. Connected. Energy-friendly.
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4.3 Absolute Maximum Ratings

Stresses above those listed in Table 4.18 Absolute Maximum Ratings on page 23 may cause permanent damage to the device. This
is a stress rating only and functional operation of the devices at those or any other conditions above those indicated in the operation
listings of this specification is not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. For
more information on the available quality and reliability data, see the Quality and Reliability Monitor Report at http://www.silabs.com/
support/quality/pages/default.aspx.

Table 4.18. Absolute Maximum Ratings

Parameter Symbol Test Condition Min Max Unit
Ambient Temperature Under Bias Tgias -55 125 °C
Storage Temperature Tste -65 150 °C
Voltage on VDD Vpp GND-0.3 4.2 \%
Voltage on VREGIN VREGIN GND-0.3 5.8 \
Voltage on 1/O, RSTb, or VBUS pins VIN Vpp>22V GND-0.3 5.8

Vpp<22V GND-0.3 Vpp+3.6 \Y
Total Current Sunk into Supply Pin lvpp - 500 mA
Total Current Sourced out of Ground IGND 500 — mA
Pin
Current Sourced or Sunk by any I/O lio -100 100 mA
Pin or RSTb
Note:

1. Exposure to maximum rating conditions for extended periods may affect device reliability.

4.4 Typical Performance Curves

12

— Normal Mode

—— |dle Mode

Supply Current (mA)

0 Il Il Il Il
0 10 20 30 40 50

Operating Frequency (MHz)

Figure 4.2. Typical Operating Supply Current using HFOSCO0
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6. Pin Definitions

6.1 EFM8UB2x-QFP48 Pin Definitions
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Figure 6.1. EFM8UB2x-QFP48 Pinout
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
32 P2.6 Multifunction 1/0O Yes EMIF_A14 ADCOP.5
ADCON.5
CMPON.1
33 P2.5 Multifunction 1/O Yes EMIF_A13 ADCOP.4
ADCON.4
CMPOP.1
34 P2.4 Multifunction 1/O Yes EMIF_A12 ADCOP.25
ADCON.25
35 P2.3 Multifunction 1/0O Yes EMIF_A11 ADCOP.3
ADCON.3
CMP1N.O
36 P2.2 Multifunction 1/0O Yes EMIF_A10 ADCOP.2
ADCON.2
CMP1P.0
37 P2.1 Multifunction 1/O Yes EMIF_A9 ADCOP.1
ADCON.1
CMPON.0
38 P2.0 Multifunction 1/O Yes EMIF_A8 ADCOP.0
ADCON.0
CMPOP.0
39 P1.7 Multifunction 1/O Yes EMIF_WRb ADCOP.24
ADCON.24
40 P1.6 Multifunction 1/0O Yes EMIF_RDb ADCOP.23
ADCON.23
41 P1.5 Multifunction 1/O Yes VREF
42 P1.4 Multifunction 1/O Yes CNVSTR
43 P1.3 Multifunction 1/O Yes EMIF_ALEm ADCOP.22
ADCON.22
44 P1.2 Multifunction 1/0 Yes ADCOP.20
ADCON.20
CMP1N.4
45 P1.1 Multifunction 1/0 Yes ADCOP.19
ADCON.19
CMP1P.4
46 P1.0 Multifunction I/O Yes ADCOP.21
ADCON.21

silabs.com | Smart. Connected. Energy-friendly. Rev. 1.3 | 31
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions

R Functions

5 D- USB Data Negative

6 VDD Supply Power Input /

5V Regulator Output

7 VREGIN 5V Regulator Input

8 VBUS USB VBUS Sense Input VBUS

9 RST/ Active-low Reset /

C2CK C2 Debug Clock
10 P3.0/ Multifunction 1/O / Yes ADCOP.16
C2D C2 Debug Data ADCON.16

11 P2.7 Multifunction I/O Yes ADCOP.15
ADCON.15

12 P2.6 Multifunction 1/O Yes ADCOP.14
ADCON.14

13 P2.5 Multifunction I/O Yes ADCOP.13
ADCON.13
CMPON.3

14 P2.4 Multifunction I/O Yes ADCOP.12
ADCON.12
CMPOP.3

15 P2.3 Multifunction 1/O Yes ADCOP.11
ADCON.11
CMP1N.2

16 P2.2 Multifunction 1/O Yes ADCOP.10
ADCON.10
CMP1P.2

17 P2.1 Multifunction 1/0 Yes ADCOP.9
ADCON.9
CMPON.2

18 P2.0 Multifunction 1/0 Yes ADCOP.8
ADCON.8
CMPOP.2

19 P1.7 Multifunction I/O Yes ADCOP.7
ADCON.7
CMP1N.1
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions

Number

32 P0.2 Multifunction 1/0 Yes INTO.2
INT1.2

Note: XTAL1 and XTAL2 are not available on this package. EXTCLK is still available on P0.3.
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Pin
Number

18

Pin Name

P2.0

Description

Multifunction 1/0

Crossbar Capability

Yes

Additional Digital

Functions

Analog Functions

ADCOP.8
ADCON.8
CMPOP.2

19

P1.7

Multifunction 1/0

Yes

ADCOP.7
ADCON.7
CMP1N.1

20

P1.6

Multifunction 1/0

Yes

ADCOP.6
ADCON.6
CMP1P.1

21

P1.5

Multifunction 1/0

Yes

ADCOP.5
ADCON.5
CMPON.1

22

P1.4

Multifunction I/O

Yes

ADCOP.4
ADCON.4
CMPOP.1

23

P1.3

Multifunction I/O

Yes

ADCOP.3
ADCON.3
CMP1N.O

24

P1.2

Multifunction 1/0

Yes

ADCOP.2
ADCON.2
CMP1P.0

25

P1.1

Multifunction 1/0

Yes

ADCOP.1
ADCON.1
CMPON.O

26

P1.0

Multifunction 1/0

Yes

ADCOP.0
ADCON.O
CMPOP.O

27

PO.7

Multifunction 1/0

Yes

INTO.7
INT1.7

VREF

28

P0.6

Multifunction 1/0

Yes

CNVSTR
INTO.6
INT1.6

29

P0.5

Multifunction 1/0

Yes

INTO.5
INT1.5
UARTO_RX

ADCOP.20
ADCON.20
CMP1N.4

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

Number

Pin Name

Description

Crossbar Capability

Additional Digital
Functions

Analog Functions

30 P0.4 Multifunction I/O Yes INTO.4 ADCOP.19
INT1.4 ADCON.19
UARTO_TX CMP1P.4
31 P0.3 Multifunction 1/0 Yes EXTCLK
INTO.3
INT1.3
32 P0.2 Multifunction 1/0 Yes INTO.2
INT1.2
Center GND Ground

Note: XTAL1 and XTALZ2 are not available on this package. EXTCLK is still available on P0.3.
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Dimension Min Typ Max
cce 0.08

ddd 0.08

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

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

silabs.com | Smart. Connected. Energy-friendly.
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8.2 QFP32 PCB Land Pattern
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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 0.40 0.50
Y1 1.25 1.35
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 pm

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.

silabs.com | Smart. Connected. Energy-friendly.
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9.2 QFN32 PCB Land Pattern
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Figure 9.2. QFN32 PCB Land Pattern Drawing

Table 9.2. 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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9.3 QFN32 Package Marking

* EFM8
PPPPPPPP
TTTTTT

YYWW #
A

Figure 9.3. 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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10. Revision History

10.1 Revision 1.3

Updated ordering part numbers to revision B.

Added Power-On Reset Threshold and Reset Delay from POR specifications to 4.1.3 Reset and Supply Monitor.
Added CRC Calculation Time specification to 4.1.4 Flash Memory.

Added VBUS Detection Input High Voltage and VBUS Detection Input Low Voltage specifications to Table 4.14 USB Transceiver on
page 20.

Added specifications for 4.1.15 SMBus.
Added 5.4 Debug.
Added information about bootloader implementation and bootloader pinout to 3.10 Bootloader.

Added notes to Table 6.3 Pin Definitions for EFM8UB2x-QFN32 on page 37 and Table 6.2 Pin Definitions for EFM8UB2x-QFP32 on
page 33 to clarify that XTAL1 and XTAL2 are not available on the 32-pin packages.

Updated Figure 5.1 Connection Diagram with Voltage Regulator Used and USB Connected (Bus-Powered) on page 24 and Figure
5.2 Connection Diagram with Voltage Regulator Used and USB Connected (Self-Powered) on page 25 to recommend 4.7 uF capacitors
instead of 1.0 yF capacitors.

Added text and Figure 5.3 Connection Diagram with Voltage Regulator Not Used on page 25 to demonstrate the proper connections
when the regulator is not used.

Added reference to the Reference Manual in 3.1 Introduction.

10.2 Revision 1.2

Updated the VDD Ramp Time specification in Table 4.3 Reset and Supply Monitor on page 13 to a maximum of 1 ms.

10.3 Revision 1.1

Initial release.
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