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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.

The clock control system offers the following features:
» Provides clock to core and peripherals.
* 24.5 MHz internal oscillator (HFOSCO), accurate to +2% over supply and temperature corners.
* 48 MHz internal oscillator (HFOSC1), accurate to £1.5% 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.
» HFOSCO and HFOSC1 include 1.5x pre-scalers for further flexibility.

3.5 Counters/Timers and PWM

Programmable Counter Array (PCAO0)

The programmable counter array (PCA) provides multiple channels of enhanced timer and PWM functionality while requiring less CPU
intervention than standard counter/timers. The PCA consists of a dedicated 16-bit counter/timer and one 16-bit capture/compare mod-
ule for each channel. The counter/timer is driven by a programmable timebase that has flexible external and internal clocking options.
Each capture/compare module may be configured to operate independently in one of five modes: Edge-Triggered Capture, Software
Timer, High-Speed Output, Frequency Output, or Pulse-Width Modulated (PWM) Output. Each capture/compare module has its own
associated I/O line (CEXn) which is routed through the crossbar to port /O when enabled.

* 16-bit time base

* Programmable clock divisor and clock source selection

» Up to three independently-configurable channels

+ 8,9, 10, 11 and 16-bit PWM modes (center or edge-aligned operation)
+ Output polarity control

* Frequency output mode

» Capture on rising, falling or any edge

» Compare function for arbitrary waveform generation

» Software timer (internal compare) mode

» Can accept hardware “kill” signal from comparator O or comparator 1
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EFM8UB3 Data Sheet
System Overview

Timers (Timer 0, Timer 1, Timer 2, Timer 3, Timer 4, and Timer 5)

Several counter/timers are included in the device: two are 16-bit counter/timers compatible with those found in the standard 8051, and
the rest are 16-bit auto-reload timers for timing peripherals or for general purpose use. These timers can be used to measure time inter-
vals, count external events and generate periodic interrupt requests. Timer 0 and Timer 1 are nearly identical and have four primary
modes of operation. The other timers offer both 16-bit and split 8-bit timer functionality with auto-reload and capture capabilities.

Timer 0 and Timer 1 include the following features:

« Standard 8051 timers, supporting backwards-compatibility with firmware and hardware.

» Clock sources include SYSCLK, SYSCLK divided by 12, 4, or 48, the External Clock divided by 8, or an external pin.
+ 8-bit auto-reload counter/timer mode

+ 13-bit counter/timer mode

* 16-bit counter/timer mode

+ Dual 8-bit counter/timer mode (Timer 0)

Timer 2, Timer 3, Timer 4, and Timer 5 are 16-bit timers including the following features:

+ Clock sources for all timers include SYSCLK, SYSCLK divided by 12, or the External Clock divided by 8
+ LFOSCO divided by 8 may be used to clock Timer 3 and Timer 4 in active or suspend/snooze power modes
» Timer 4 is a low-power wake source, and can be chained together with Timer 3

+ 16-bit auto-reload timer mode

* Dual 8-bit auto-reload timer mode

» External pin capture

* LFOSCO capture

» Comparator 0 capture

» USB Start-of-Frame (SOF) capture

» Configurable Logic output capture

Watchdog Timer (WDTO0)

The device includes a programmable watchdog timer (WDT) running off the low-frequency oscillator. A WDT overflow forces the MCU
into the reset state. To prevent the reset, the WDT must be restarted by application software before overflow. If the system experiences
a software or hardware malfunction preventing the software from restarting the WDT, the WDT overflows and causes a reset. Following
a reset, the WDT is automatically enabled and running with the default maximum time interval. If needed, the WDT can be disabled by
system software or locked on to prevent accidental disabling. Once locked, the WDT cannot be disabled until the next system reset.
The state of the RST pin is unaffected by this reset.

The Watchdog Timer has the following features:
* Programmable timeout interval
* Runs from the low-frequency oscillator
» Lock-out feature to prevent any modification until a system reset

silabs.com | Building a more connected world.
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3.10 Bootloader

All devices come pre-programmed with a USB bootloader. This bootloader resides in the code security page and last pages 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 in the [Documentation]
area.

OxFFFF Memory Lock OxFFFF
Read-Only
64 Bytes
OxFFCO Read-Only
- 64 Bytes

OxFFFE

OxFFDO
OxFFCF
OxFFCO

Reserved

OxFBFF Lock Byte
O0xFBFE
0xFBFD

Security Page
512 Bytes

Bootloader

0xFAOQ0
E— -¢—— Bootloader Vector
Reserved

Ox9DFF °
el
®
o
°
(o]

0x9A00 m

40 KB Flash
(79 x 512 Byte pages)
0x0000

-¢—— Reset Vector

Figure 3.2. Flash Memory Map with Bootloader—40 KB Devices

Table 3.2. Summary of Pins for Bootloader Communication

Bootloader Pins for Bootload Communication
uSB VBUS
D+
D-
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Parameter Symbol  Test Condition Min Typ Max Unit
ADCO Always-on 4 lapc 800 ksps, 10-bit conversions or — 850 1085 MA
200 ksps, 12-bit conversions
Normal bias settings
Vpp=3.0V
250 ksps, 10-bit conversions or — 420 545 MA
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 — 385 — MA
conversions, external reference
100 ksps, Vpp =3.0V — 193 — pA
10 ksps, Vpp =3.0V — 20 — A
ADCO Burst Mode, 10-bit single lapc 200 ksps, Vpp=3.0V — 495 — MA
conversions, internal reference,
Low power bias settings 100 ksps, Vpp =3.0V — 250 — pA
10 ksps, Vpp = 3.0V — 255 — HA
ADCO Burst Mode, 12-bit single lapc 100 ksps, Vpp =3.0V — 520 — MA
conversions, external reference
50 ksps, Vpp =3.0V — 260 — HA
10 ksps, Vpp=3.0V — 53 — WA
ADCO Burst Mode, 12-bit single lapc 100 ksps, Vpp = 3.0V, — 970 — HA
conversions, internal reference
Normal bias
50 ksps, Vpp = 3.0V, — 425 — HA
Low power bias
10 ksps, Vpp =3.0V, — 86 — HA
Low power bias
Internal ADCO Reference, Always- | lyRerrs Normal Power Mode — 690 765 A
on ® Low Power Mode — 166 195 uA
Temperature Sensor ITsENSE — 68 110 MA
Comparator 0 (CMPO, CMP1) lcmp CPMD =11 — 0.5 — HA
CPMD =10 — 3 — MA
CPMD =01 — 9.1 — MA
CPMD =00 — 24.2 — HA
Comparator Reference® IcPREF — 253 — pA
Voltage Supply Monitor (VMONO) | lymonN — 14 20 MA

silabs.com | Building a more connected world.
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4.1.8 ADC
Table 4.8. ADC
Parameter Test Condition
Resolution Nbpits 12 Bit Mode 12 Bits
10 Bit Mode 10 Bits
Throughput Rate fs 12 Bit Mode — — 200 ksps
(High Speed Mode) 10 Bit Mode — — 800 ksps
Throughput Rate fs 12 Bit Mode — — 62.5 ksps
(Low Power Mode) 10 Bit Mode — — 250 ksps
Tracking Time trRK High Speed Mode 230 — — ns
Low Power Mode 450 — — ns
Power-On Time tPwr 1.2 — — us
SAR Clock Frequency fsar High Speed Mode, — — 6.25 MHz
Reference is 2.4 V internal
High Speed Mode, — — 12.5 MHz
Reference is not 2.4 V internal
Low Power Mode — — 4 MHz
Conversion Time teny 10-Bit Conversion, 1.1 us
SAR Clock = 12.25 MHz,
System Clock = 24.5 MHz.
Sample/Hold Capacitor Csar Gain =1 — 5 — pF
Gain = 0.5 — 2.5 — pF
Input Pin Capacitance CiN — 20 — pF
Input Mux Impedance Rmux — 550 — Q
Voltage Reference Range VREF 1 — Vbb \%
Input Voltage Range ' VIN Gain =1 0 — VREF v
Gain =0.5 0 — 2XVREfr \Y
Power Supply Rejection Ratio PSRRapc — 70 — dB
DC Performance
Integral Nonlinearity INL 12 Bit Mode — 1 2.3 LSB
10 Bit Mode — 10.2 0.6 LSB
Differential Nonlinearity (Guaran- | DNL 12 Bit Mode -1 +0.7 1.9 LSB
teed Monotonic) 10 Bit Mode — $0.2 10.6 LSB
Offset Error Eorr 12 Bit Mode, VREF = 1.65V -3 0 3 LSB
10 Bit Mode, VREF = 1.65V -2 0 2 LSB
Offset Temperature Coefficient TCoFrF — 0.004 — LSB/°C

silabs.com | Building a more connected world.
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4.1.10 Temperature Sensor

Table 4.10. Temperature Sensor

Parameter Symbol Test Condition

Offset Vorr Ta=0°C — 757 — mV
Offset Error ! Eorr Ta=0°C — 17 — mVv
Slope M — 2.85 — mV/°C
Slope Error ! Em — 70 — pv/e
Linearity — 0.5 — °C
Turn-on Time — 1.8 — us
Note:

1. Represents one standard deviation from the mean.

4.1.11 5V Voltage Regulator

Table 4.11. 5V Voltage Regulator

Parameter Symbol Test Condition Min Typ Max Unit
Input Voltage Range ' VREGIN USB in use 3.7 — 5.5 \
USB not in use 3.0 — 5.5 V
Output Voltage on VDD 2 VRegouT |Regulation range (VREGIN = 4.1V) 3.1 34 3.6 \Vj
Dropout range (VREGIN < 4.1V) — VREGIN — — \%
VbropouT
Output Current 2 IREGOUT — — 100 mA
Dropout Voltage VpropouT | Output Current = 100 mA — — 0.7 \%
Note:
1.{78;t range to meet the Output Voltage on VDD specification. If the 5 V voltage regulator is not used, VREGIN should be tied to
2. Output current is total regulator output, including any current required by the device.

4.1.12 1.8 V Internal LDO Voltage Regulator

Table 4.12. 1.8V Internal LDO Voltage Regulator

Parameter Symbol Test Condition

Output Voltage Vout 1.8v 1.77 1.84 1.92 \%
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4.1.14 Configurable Logic

Table 4.14. Configurable Logic

Parameter Symbol  Test Condition Min Typ Max Unit
Propagation Delay through LUT toLy Lut | Through single CLU — — 38.7 ns

Using an external pin

Through single CLU — 1.6 5.0 ns

Using an internal connection

Propagation Delay through D flip- | tpLy prr | Through single CLU — — 38.7 ns

flop clock
Using an external pin

Through single CLU — 14 5.6 ns

Using an internal connection

Clocking Frequency Fclk 1 or 2 CLUs Cascaded — — 48 MHz

3 or 4 CLUs Cascaded — — 48 MHz
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The figure below shows a typical connection diagram for the power pins of the EFM8UB3 devices when the internal regulator used and
USB is connected (self-powered).

EFM8UB3 Device

3.7-5.25 V (in)
? Voltage
X
VREGIN Regulator
4.7 yF and 0.1 yF bypass 3.4V (out)
capacitors required for ?
each power pin placed as 1 1 VDD
close to the pins as T T

possible. - =

R R GND

Figure 5.2. Connection Diagram with Voltage Regulator Used and USB Connected (Self-Powered)

The figure below shows a typical connection diagram for the power pins of the EFM8UB3 devices when the internal 5 V-t0-3.3 V regula-
tor is not used.

EFM8UB3 Device

2.3-3.6 V (in) Voltage
........ T 3 Regulator
4.7 yF and 0.1 yF bypass
capacitors required for
each power pin placedas eee —F/ =/
close to the pins as
possible.
R

Figure 5.3. Connection Diagram with Voltage Regulator Not Used (Self-Powered)
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6.2 EFM8UB3x-QFN24 Pin Definitions

: £ E & £ 8
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el i) 24 pin QFN e | P
D-| 4 ) (Top View) (15 | P12
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Figure 6.2. EFM8UB3x-QFN24 Pinout

Table 6.2. Pin Definitions for EFM8UB3x-QFN24

Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions
Number
1 PO0.0 Multifunction I/O Yes POMAT.O ADCO0.0
INTO.0 CMPOP.0
INT1.0 CMPON.O
VREF
2 GND Ground ADCO0.19
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions

R Functions

18 P0.7 Multifunction I/O Yes POMAT.7 ADCO0.7
INTO.7 CMPOP.7
INT1.7 CMPON.7
CLU1A.7
CLU3A.6

19 P0.6 Multifunction 1/0O Yes POMAT.6 ADCO0.6
CNVSTR CMPOP.6
INTO.6 CMPON.6
INT1.6
CLU1B.6
CLU20UT

20 P0.5 Multifunction I/O Yes POMAT.5 ADCO0.5
INTO.5 CMPOP.5
INT1.5 CMPON.5
UART1_RX
CLU1B.7
CLU2A.6

21 P0.4 Multifunction I/O Yes POMAT .4 ADCO0.4
INTO.4 CMPOP.4
INT1.4 CMPON.4
CLUOB.7
CLU2B.6
CLU1OUT
UART1_TX

22 P0.3 Multifunction I/O Yes POMAT.3 ADCO0.3
EXTCLK CMPOP.3
INTO.3 CMPON.3
INT1.3
CLU1A.6
CLU3B.7
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6.3 EFM8UB3x-QFN20

N ™ < e}

o o o o

o o [a o

o » [e0] N
PO.1 ! C‘J - - t 16 P0.6
P0.0 2 ) / ( 15 PO.7
GND 3 ) 14 | P1.0

3 | 2 pin QFN (14

D+ E (Top View) @ P11
D- 5 ) GND (12 | GND
VDD 6 q © o FC_; 11 P1.2

z 2 %5 8§

g & 8 ¢

~ ~ (@)

o '(7, o

o 4

Figure 6.3. EFM8UB3x-QFN20 Pinout

Table 6.3. Pin Definitions for EFM8UB3x-QFN20

Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
Functions

Number

1 P0.1 Multifunction I/O Yes POMAT .1 ADCO.1
INTO.1 CMPOP.1
INT1.1 CMPON.1
CLUOA.6 AGND
CLU3A.7
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions
R Functions
2 PO0.0 Multifunction I/O Yes POMAT.O ADCO0.0
INTO.0 CMPOP.0
INT1.0 CMPON.0
VREF
3 GND Ground ADCO0.19
4 D+ USB Data Positive ADCO0.28
5 D- USB Data Negative ADCO0.29
6 VDD Supply Power Input / ADCO0.18
5V Regulator Output
7 VREGIN 5V Regulator Input
8 P2.1 Multifunction 1/0 VBUS ADCO0.24
CMP1P.13
CMP1N.13
9 RSTb / Active-low Reset /
C2CK C2 Debug Clock
10 P2.0/ Multifunction 1/O /
C2D C2 Debug Data
11 P1.2 Multifunction 1/0 Yes P1MAT.2 ADCO0.10
CMP1P.2
CMP1N.2
12 GND Ground
13 P1.1 Multifunction 1/0 Yes P1MAT.1 ADCO0.9
CMP1P.1
CMP1N.1
14 P1.0 Multifunction 1/0 Yes P1MAT.O ADCO0.8
CLUOB.6 CMP1P.0
CLU2A.7 CMP1N.O
CLU3OUT
15 P0.7 Multifunction 1/0 Yes POMAT.7 ADCO0.7
INTO.7 CMPOP.7
INT1.7 CMPON.7
CLU1A.7
CLU3A.6
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Pin Pin Name Description Crossbar Capability Additional Digital Analog Functions

R Functions

16 P0.6 Multifunction 1/0 Yes POMAT.6 ADCO0.6
CNVSTR CMPOP.6
INT0.6 CMPON.6
INT1.6
CLU1B.6
CLU20UT

17 P0.5 Multifunction 1/O Yes POMAT.5 ADCO0.5
INTO.5 CMPOP.5
INT1.5 CMPON.5
UART1_RX
CLU1B.7
CLU2A.6

18 P0.4 Multifunction 1/O Yes POMAT .4 ADCO0.4
INTO.4 CMPOP.4
INT1.4 CMPON.4
CLUOB.7
CLU2B.6
CLU1OUT
UART1_TX

19 P0.3 Multifunction 1/O Yes POMAT.3 ADCO0.3
EXTCLK CMPOP.3
INTO.3 CMPON.3
INT1.3
CLU1A.6
CLU3B.7

20 P0.2 Multifunction 1/O Yes POMAT.2 ADCO0.2
INTO.2 CMPOP.2
INT1.2 CMPON.2
CLU2B.7
CLU3B.6
CLUOOUT

Center GND Ground
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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 Y 14.5M-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.
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8. QSOP24 Package Specifications

8.1 Package Dimensions

I%l @x 12 Tips)>

D ]aaa|C

REGTEETEEE
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@x> \ . ) \ /
O |ddd|C[D l ! - Seating Plane | \‘
1 i =i
[B] ——| =—24x b Detail 1
$[obb®][C[A-BID]
o 2%
A\[ddd[C[A-B
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,I ./ AR
e Jew N TN e
L ] | O\ |ccc|C i:;
Al—’ ~
Detail 1
Figure 8.1. Package Drawing
Table 8.1. 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
6.00 BSC
E1 3.90BSC
e 0.635BSC
L 0.40 — 1.27
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Dimension

theta 0° — 8°
aaa 0.20

bbb 0.18

cce 0.10

ddd 0.10

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 MO-137, variation AE.

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

EFM8
PPPPPPPP #
[TTTTTYYWW A

Figure 8.3. 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
E2 1.60 1.70 1.80
f 2.50 BSC
L 0.30 0.40 0.50
K 0.25 REF
R 0.09 0.125 0.15
aaa 0.15
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10
Note:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.

3. The drawing complies with JEDEC MO-220.

4.Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.
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software, source code libraries &
more. Available for Windows,
Mac and Linux!

loT Portfolio SW/HW Quality Support and Community
www.silabs.com/loT www.silabs.com/simplicity www.silabs.com/quality community.silabs.com

Disclaimer

Silicon Labs intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers using or
intending to use the Silicon Labs products. Characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific device, and "Typical"
parameters provided can and do vary in different applications. Application examples described herein are for illustrative purposes only. Silicon Labs reserves the right to make changes
without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy or completeness of the included
information. Silicon Labs shall have no liability for the consequences of use of the information supplied herein. This document does not imply or express copyright licenses granted
hereunder to design or fabricate any integrated circuits. The products are not designed or authorized to be used within any Life Support System without the specific written consent of
Silicon Labs. A "Life Support System" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected to result in significant personal
injury or death. Silicon Labs products are not designed or authorized for military applications. Silicon Labs products shall under no circumstances be used in weapons of mass
destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons.
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trademarks of Silicon Labs. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or registered trademarks of ARM Holdings. Keil is a registered trademark of ARM Limited. All
other products or brand names mentioned herein are trademarks of their respective holders.
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