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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"
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ARM® Cortex®-M4F

32-Bit Single-Core

48MHz

12C, IrDA, SmartCard, SPI, UART/USART
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
56

256KB (256K x 8)

FLASH

32Kx 8

1.98V ~ 3.8V

A/D 8x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-QFN (9x9)
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2.1.3 Memory System Controller (MSC)

The Memory System Controller (MSC) is the program memory unit of the EFM32WG microcontroller.
The flash memory is readable and writable from both the Cortex-M4 and DMA. The flash memory is
divided into two blocks; the main block and the information block. Program code is normally written to
the main block. Additionally, the information block is available for special user data and flash lock bits.
There is also a read-only page in the information block containing system and device calibration data.
Read and write operations are supported in the energy modes EMO and EM1.

2.1.4 Direct Memory Access Controller (DMA)

The Direct Memory Access (DMA) controller performs memory operations independently of the CPU.
This has the benefit of reducing the energy consumption and the workload of the CPU, and enables
the system to stay in low energy modes when moving for instance data from the USART to RAM or
from the External Bus Interface to a PWM-generating timer. The DMA controller uses the PL230 uDMA
controller licensed from ARM.

2.1.5 Reset Management Unit (RMU)

The RMU is responsible for handling the reset functionality of the EFM32WG.
2.1.6 Energy Management Unit (EMU)

The Energy Management Unit (EMU) manage all the low energy modes (EM) in EFM32WG microcon-
trollers. Each energy mode manages if the CPU and the various peripherals are available. The EMU
can also be used to turn off the power to unused SRAM blocks.

2.1.7 Clock Management Unit (CMU)

The Clock Management Unit (CMU) is responsible for controlling the oscillators and clocks on-board the
EFM32WG. The CMU provides the capability to turn on and off the clock on an individual basis to all
peripheral modules in addition to enable/disable and configure the available oscillators. The high degree
of flexibility enables software to minimize energy consumption in any specific application by not wasting
power on peripherals and oscillators that are inactive.

2.1.8 Watchdog (WDOG)

The purpose of the watchdog timer is to generate a reset in case of a system failure, to increase appli-
cation reliability. The failure may e.g. be caused by an external event, such as an ESD pulse, or by a
software failure.

2.1.9 Peripheral Reflex System (PRS)

The Peripheral Reflex System (PRS) system is a network which lets the different peripheral module
communicate directly with each other without involving the CPU. Peripheral modules which send out
Reflex signals are called producers. The PRS routes these reflex signals to consumer peripherals which
apply actions depending on the data received. The format for the Reflex signals is not given, but edge
triggers and other functionality can be applied by the PRS.

2.1.10 Inter-Integrated Circuit Interface (12C)

The I°C module provides an interface between the MCU and a serial 1°C-bus. It is capable of acting as
both a master and a slave, and supports multi-master buses. Both standard-mode, fast-mode and fast-
mode plus speeds are supported, allowing transmission rates all the way from 10 kbit/s up to 1 Mbit/s.
Slave arbitration and timeouts are also provided to allow implementation of an SMBus compliant system.
The interface provided to software by the 1°C module, allows both fine-grained control of the transmission
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lem2

EM2 current

prescaled to 1 Hz, 32.768
kHz LFRCO, Vpp=3.0V,
TAMB=25°C

1.2 MHz HFRCO, all peripher- 271 286 | pA/
al clocks disabled, Vpp=3.0V, MHz
TAMBZZSOC
1.2 MHz HFRCO, all peripher- 275 HA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
48 MHz HFXO, all peripheral 63 75 | A/
clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
48 MHz HFXO, all peripheral 65 76 | pA/
clocks disabled, Vpp= 3.0 V, MHz
TAMB:85°C
28 MHz HFRCO, all peripher- 64 75 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
28 MHz HFRCO, all peripher- 65 77 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMBZSSOC
21 MHz HFRCO, all peripher- 65 76 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
21 MHz HFRCO, all peripher- 66 78 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
14 MHz HFRCO, all peripher- 67 79 | pA/
al clocks disabled, Vpp= 3.0V, MHz

EM1 current (Pro- Tame=25°C

lEm1 duction test condi-

tion = 14 MHz) 14 MHz HFRCO, all peripher- 68 82 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
11 MHz HFRCO, all peripher- 68 81 | pA/
al clocks disabled, Vpp=3.0V, MHz
TAMB:25°C
11 MHz HFRCO, all peripher- 70 83 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
6.6 MHz HFRCO, all peripher- 74 87 | pA/
al clocks disabled, Vpp=3.0V, MHz
TAMBZZSOC
6.6 MHz HFRCO, all peripher- 76 89 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
1.2 MHz HFRCO. all peripher- 106 120 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
1.2 MHz HFRCO. all peripher- 112 129 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
EM2 current with RTC 0.95! 1.71 | pA
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3.6 Power Management
The EFM32WG requires the AVDD_x, VDD_DREG and IOVDD_x pins to be connected together (with
optional filter) at the PCB level. For practical schematic recommendations, please see the application

note, "AN0002 EFM32 Hardware Design Considerations".

Table 3.6. Power Management

VBODextthr- BOD threshold on 1.74 1.96 |V
falling external sup-
ply voltage

VBODextthr+ BOD threshold on 1.85 1.98 |V
rising external sup-
ply voltage

VpoRthr+ Power-on Reset 198 |V
(POR) threshold on
rising external sup-

ply voltage

tRESET Delay from reset Applies to Power-on Reset, 163 us
is released until Brown-out Reset and pin reset.
program execution
starts

CbECOUPLE Voltage regulator X5R capacitor recommended. 1 UF
decoupling capaci- | Apply between DECOUPLE pin
tor. and GROUND

3.7 Flash

Table 3.7. Flash

ECrLaAsH Flash erase cycles 20000 cycles
before failure
Tame<150°C 10000 h
RETELAsH Flash data retention | Tayg<85°C 10 years
Tame<70°C 20 years
tw_proG Word (32-bit) pro- 20 us
gramming time
tPERASE Page erase time 20 20.4 20.8 | ms
tDERASE Device erase time 40 40.8 41.6 | ms
lERASE Erase current 7t | mA
WRITE Write current 7t | mA
VELASH Supply voltage dur- 1.98 38|V
ing flash erase and
write

IMeasured at 25°C
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3.8 General Purpose Input Output

Table 3.8. GPIO

VioiL

Input low voltage

0.30Vpp | V

VioH

Input high voltage

0.70Vpp

ViooH

Output high volt-
age (Production test
condition = 3.0V,
DRIVEMODE =
STANDARD)

Sourcing 0.1 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= LOWEST

0.80Vpp

Sourcing 0.1 mA, Vpp=3.0V,
GPIO_Px_CTRL DRIVEMODE
= LOWEST

0.90Vpp

Sourcing 1 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
=LOW

0.85Vpp

Sourcing 1 mA, Vpp=3.0V,
GPIO_Px_CTRL DRIVEMODE
=LOW

0.90Vpp

Sourcing 6 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= STANDARD

0.75Vpp

Sourcing 6 mA, Vpp=3.0 V,
GPIO_Px_CTRL DRIVEMODE
= STANDARD

0.85Vpp

Sourcing 20 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= HIGH

0.60Vpp

Sourcing 20 mA, Vpp=3.0 V,
GPIO_Px_CTRL DRIVEMODE
=HIGH

0.80Vpp

ViooL

Output low voltage
(Production test
condition = 3.0V,
DRIVEMODE =
STANDARD)

Sinking 0.1 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= LOWEST

0.20Vpp

Sinking 0.1 mA, Vpp=3.0 V,
GPIO_Px_CTRL DRIVEMODE
= LOWEST

0.10Vpp

Sinking 1 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
=LOW

0.10Vpp

Sinking 1 mA, Vpp=3.0V,
GPIO_Px_CTRL DRIVEMODE
=LOW

0.05Vpp

Sinking 6 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= STANDARD

0.30Vpp | V

Sinking 6 mA, Vpp=3.0V,
GPIO_Px_CTRL DRIVEMODE
= STANDARD

0.20Vpp | V

Sinking 20 mA, Vpp=1.98 V,
GPIO_Px_CTRL DRIVEMODE
= HIGH

0.35Vpp | V
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Symbol Parameter Condition Min Typ Max Unit
Slnklng 20 mA, Vpp=3.0V, 0.25Vpp | V
GPIO_Px_CTRL DRIVEMODE
= HIGH
lloLEAK Input leakage cur- High Impedance 10 connected +0.1 +100 | nA
rent to GROUND or vdd
Rpy 1/O pin pull-up resis- 40 kOhm
tor
Rpp 1/0O pin pull-down re- 40 kOhm
sistor
RioEsD Internal ESD series 200 Ohm
resistor
tiocLITCH Pulse width of puls- 10 50 | ns
es to be removed
by the glitch sup-
pression filter
GPIO_Px_CTRL DRIVEMODE 20+0.1C_ 250 | ns
= LOWEST and load capaci-
tance C =12.5-25pF.
tioor QOutput fall time
GPIO_Px_CTRL DRIVEMODE 20+0.1C 250 | ns
= LOW and load capacitance
C,=350-600pF
VIOHYST 110 pln hysteresis VDD =1.98-38V O.lOVDD V
(ViotHr+ - ViOTHR-)
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3.9 Oscillators

3.9.1 LFXO
Table 3.9. LFXO
fLExo Supported nominal 32.768 kHz
crystal frequency
ESR| Fxo Supported crystal 30 120 | kOhm
equivalent series re-
sistance (ESR)
CLexoL Supported crystal xt 25 | pF
external load range
ILExo Current consump- ESR=30 kOhm, C, =10 pF, 190 nA
tion for core and LFXOBOOST in CMU_CTRL is
buffer after startup. |1
tLrxo Start- up time. ESR=30 kOhm, C, =10 pF, 400 ms
40% - 60% duty cycle has
been reached, LFXOBOOST in
CMU_CTRL is 1

1See Minimum Load Capacitance (C_gxoL) Requirement For Safe Crystal Startup in energyAware Designer in Simplicity Studio

For safe startup of a given crystal, the energyAware Designer in Simplicity Studio contains a tool to help
users configure both load capacitance and software settings for using the LFXO. For details regarding
the crystal configuration, the reader is referred to application note "AN0016 EFM32 Oscillator Design

Consideration".
3.9.2 HFXO
Table 3.10. HFXO
fuExo Supported nominal 4 48 | MHz
crystal Frequency
Crystal frequency 48 MHz 50 | Ohm
Supported crystal
ESRuexo equivalent series re- | Crystal frequency 32 MHz 30 60 | Ohm
sistance (ESR)
Crystal frequency 4 MHz 400 1500 | Ohm
ImHEXO The transconduc- HFXOBOOST in CMU_CTRL 20 mS
tance of the HFXO | equals Ob11
input transistor at
crystal startup
CHExoL Supported crystal 5 25 | pF
external load range
4 MHz: ESR=400 Ohm, 85 HA
C_=20 pF, HFXOBOOST in
Current consump- CMU_CTRL equals Ob11
IHEXO tion for HFXO after
startup 32 MHz: ESR=30 Ohm, 165 PA
C.=10 pF, HFXOBOOST in
CMU_CTRL equals 0b11
thExO Startup time 32 MHz: ESR=30 Ohm, 400 us
C_=10 pF, HFXOBOOST in
CMU_CTRL equals Ob11
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3.9.3LFRCO

Table 3.11. LFRCO

Parameter Condition

fLFrcO Oscillation frequen- 31.29 32.768 34.28 | kHz
cy, Vpp=3.0V,
TAMB:25°C

t FrCO Startup time not in- 150 Us
cluding software
calibration

ILFRcO Current consump- 300 nA
tion

TUNESTEP,. | Frequency step 15 %
ERCO for LSB change in
TUNING value

Figure 3.17. Calibrated LFRCO Frequency vs Temperature and Supply Voltage
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Figure 3.22. Calibrated HFRCO 21 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.23. Calibrated HFRCO 28 MHz Band Frequency vs Supply Voltage and Temperature
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erence voltage on
channel 6
VapceMIN Common mode in- 0 Vopo | V
put range
laDCIN Input current 2pF sampling capacitors <100 nA
CMRRapc Analog input com- 65 dB
mon mode rejection
ratio
1 MSamples/s, 12 bit, external 351
reference
10 kSamples/s 12 bit, internal 67 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00
lapc Average active cur- | 1 kSamples/s 12 bit, internal 63 HA
rent 1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b01
10 kSamples/s 12 bit, internal 64 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b10
|ADCREF Current consump- Internal voltage reference 65 HA
tion of internal volt-
age reference
CaDpCIN Input capacitance 2 pF
Rapcin Input ON resistance 1 MOhm
RapcEILT Input RC filter resis- 10 kOhm
tance
CADCFILT Input RC filter/de- 250 fF
coupling capaci-
tance
fADCCLK ADC Clock Fre- 13 | MHz
guency
6 bit 7 ADC-
CLK
Cycles
8 bit 11 ADC-
tapccony Conversion time CLK
Cycles
12 bit 13 ADC-
CLK
Cycles
tabcaco Acquisition time Programmable 1 256 | ADC-
CLK
Cycles
tADCACQVDD3 Required acquisi- 2 us
tion time for VDD/3
reference
¢ Startup time of ref- 5 us
ADCSTART erence generator
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200 kSamples/s, 12 bit, differ- 79 dBc
ential, internal 1.25V reference
200 kSamples/s, 12 bit, differ- 79 dBc
ential, internal 2.5V reference
200 kSamples/s, 12 hit, differ- 78 dBc
ential, 5V reference
200 kSamples/s, 12 bit, differ- 68 79 dBc
ential, Vpp reference
200 kSamples/s, 12 hit, differ- 79 dBc
ential, 2xVpp reference
After calibration, single ended -3.5 0.3 3| mV
VADCOFFSET Offset VOItage
After calibration, differential 0.3 mV
-1.92 mvV/°C
Thermometer out-
TGRADApcTH , -6.3 ADC
put gradient Codes/
°C
DNLapc Differential non-lin- -1 +0.7 4| LSB
earity (DNL)
INLapc Integral non-linear- +1.2 +3 | LSB
ity (INL), End point
method
MCapc No missing codes 11.999* 12 bits
1.25V reference 0.01% 0.033% | %/°C
GAINgp Gain error drift > 3
2.5V reference 0.01 0.03” | %/°C
1.25V reference 0.22 0.7° | LSB/°C
OFFSETgp Offset error drift > 3
2.5V reference 0.2 0.62° | LSB/°C

'on the average every ADC will have one missing code, most likely to appear around 2048 +/- n*512 where n can be a value in
the set {-3, -2, -1, 1, 2, 3}. There will be no missing code around 2048, and in spite of the missing code the ADC will be monotonic
at all times so that a response to a slowly increasing input will always be a slowly increasing output. Around the one code that is
missing, the neighbour codes will look wider in the DNL plot. The spectra will show spurs on the level of -78dBc for a full scale
input for chips that have the missing code issue.

2Typic:al numbers given by abs(Mean) / (85 - 25).

3Max number given by (abs(Mean) + 3x stddev) / (85 - 25).

The integral non-linearity (INL) and differential non-linearity parameters are explained in Figure 3.24 (p.
36) and Figure 3.25 (p. 36) , respectively.
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Figure 3.29. ADC Absolute Offset, Common Mode =Vdd /2
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Figure 3.30. ADC Dynamic Performance vs Temperature for all ADC References, Vdd = 3V
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0.1 Hz<f<10 kHz, OPAXx-
HCMDIS=1

(OPA2)BIASPROG=0x0, 13 25 | A
(OPA2)HALFBIAS=0x1, Unity
Gain
(OPA2)BIASPROG=0xF, 101 dB
(OPA2)HALFBIAS=0x0
. (OPA2)BIASPROG=0x7, 98 dB
GoL Open Loop Gain (OPA2)HALFBIAS=0x1
(OPA2)BIASPROG=0x0, 91 dB
(OPA2)HALFBIAS=0x1
(OPA2)BIASPROG=0xF, 6.1 MHz
(OPA2)HALFBIAS=0x0
GBW. Gain Bandwidth (OPA2)BIASPROG=0x7, 1.8 MHz
OPAMP | Product (OPA2)HALFBIAS=0x1
(OPA2)BIASPROG=0x0, 0.25 MHz
(OPA2)HALFBIAS=0x1
(OPA2)BIASPROG=0xF, 64 °
(OPA2)HALFBIAS=0x0, C, =75
pF
(OPA2)BIASPROG=0x7, 58 °
PMopamp Phase Margin (OPA2)HALFBIAS=0x1, C, =75
pF
(OPA2)BIASPROG=0x0, 58 °
(OPA2)HALFBIAS=0x1, C,=75
pF
RinpuT Input Resistance 100 Mohm
R oap Load Resistance 200 Ohm
lLoaD_DC DC Load Current 11 | mA
OPAXHCMDIS=0 Vss Voo | V
VlNPUT Input Voltage
OPAXHCMDIS=1 Vss Vpp-1.2 | V
VOUTPUT Output Voltage VSS Vopb | V
Unity Gain, Vss<Vin<Vpp, -13 0 11 | mV
OPAXHCMDIS=0
VOEESET Input Offset Voltage
Unlty Gain, VSS<Vin<DD'1-21 1 mV
OPAXHCMDIS=1
VOFFSET_DRIFT Input Offset Voltage 0.02 | mv/°C
Drift
(OPA2)BIASPROG=0xF, 3.2 Vips
(OPA2)HALFBIAS=0x0
(OPA2)BIASPROG=0x7, 0.8 Vius
SRopawp Slew Rate (OPA2)HALFBIAS=0x1
(OPA2)BIASPROG=0x0, 0.1 Vips
(OPA2)HALFBIAS=0x1
Vou=1V, RESSEL=0, 101 UVRMs
0.1 Hz<f<10 kHz, OPAX-
HCMDIS=0
N Voltage Noise
OPAMP 9 Vou=1V, RESSEL=0, 141 HVRus
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Parameter

tSCLK_MI 12 SCLK to MISO -264 + tye. -234+2* | ns
PERCLK tHFPERCLK

1Applies for both CLKPHA = 0 and CLKPHA = 1 (figure only shows CLKPHA = 0)
Measurement done at 10% and 90% of Vpp (figure shows 50% of \pp)

3.17 Digital Peripherals

Table 3.27. Digital Peripherals

Parameter Condition
lusarT USART current USART idle current, clock en- 4.0 HA/
abled MHz
lUART UART current UART idle current, clock en- 3.8 HA/
abled MHz
I EUART LEUART current LEUART idle current, clock en- 194.0 nA
abled
lioc 12C current I12C idle current, clock enabled 7.6 HA/
MHz
ITIMER TIMER current TIMER_O idle current, clock 6.5 pA/
enabled MHz
ILETIMER LETIMER current LETIMER idle current, clock 85.8 nA
enabled
lpeNT PCNT current PCNT idle current, clock en- 91.4 nA
abled
IrTC RTC current RTC idle current, clock enabled 54.6 nA
laES AES current AES idle current, clock enabled 1.8 HA/
MHz
=T} GPIO current GPIO idle current, clock en- 3.4 pA/
abled MHz
Iprs PRS current PRS idle current 3.9 HA/
MHz
Ioma DMA current Clock enable 10.9 pA/
MHz
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Figure 4.2. Opamp Pinout
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Note:

1. Dimensioning & tolerancing confirm to ASME Y14.5M-1994.
2. All dimensions are in millimeters. Angles are in degrees.
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5 PCB Layout and Soldering
5.1 Recommended PCB Layout

Figure 5.1. QFN64 PCB Land Pattern
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Table 5.1. QFN64 PCB Land Pattern Dimensions (Dimensions in mm)

Symbol Dim. (mm) Symbol Pin number Symbol Pin number ‘
a 0.85 P1 1 P8 64
b 0.30 P2 16 P9 65
c 0.50 P3 17
d 8.90 P4 32
e 8.90 P5 33
f 7.20 P6 48
g 7.20 P7 49
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Figure 5.2. QFN64 PCB Solder Mask

a

L 1000000
|

= —
LE : g e
c = |
Sy o
+£+

Table 5.2. QFN64 PCB Solder Mask Dimensions (Dimensions in mm)

Symbol Dim. (mm) Symbol Dim. (mm) ‘
a 0.97 e 8.90
b 0.42 f 7.32
c 0.50 g 7.32
d 8.90
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Figure 5.3. QFN64 PCB Stencil Design
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Table 5.3. QFN64 PCB Stencil Design Dimensions (Dimensions in mm)
a 0.75 e 8.90
b 0.22 X 2.70
c 0.50 y 2.70
d 8.90 z 0.80

. The drawings are not to scale.

. All dimensions are in millimeters.

. All drawings are subject to change without notice.

. The PCB Land Pattern drawing is in compliance with IPC-7351B.
. Stencil thickness 0.125 mm.

. For detailed pin-positioning, see Figure 4.3 (p. 61) .

o0k WN PR

5.2 Soldering Information

The latest IPC/JEDEC J-STD-020 recommendations for Pb-Free reflow soldering should be followed.

The packages have a Moisture Sensitivity Level rating of 3, please see the latest IPC/JEDEC J-STD-033
standard for MSL description and level 3 bake conditions. Place as many and as small as possible vias
underneath each of the solder patches under the ground pad.
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7 Revision History
7.1 Revision 1.40

June 13th, 2014

Removed "Preliminary" markings.

Corrected single power supply voltage minimum value from 1.85V to 1.98V.
Added AUXHFRCO to blockdiagram and electrical characteristics.
Updated current consumption data.

Updated transition between energy modes data.

Updated power management data.

Updated GPIO data.

Updated LFRCO, HFRCO and ULFRCO data.

Updated ADC data.

Updated DAC data.

Updated OPAMP data.

Updated ACMP data.

Updated VCMP data.

7.2 Revision 1.31

November 21st, 2013

Updated figures.

Updated errata-link.

Updated chip marking.

Added link to Environmental and Quality information.

Re-added missing DAC-data.

7.3 Revision 1.30

September 30th, 2013

Added 12C characterization data.

Added SPI characterization data.

Corrected the DAC and OPAMP2 pin sharing information in the Alternate Functionality Pinout section.
Corrected the ADC resolution from 12, 10 and 6 bit to 12, 8 and 6 bit.

Updated the EMO and EM1 current consumption numbers. Updated the the EM1 plots and removed
the EMO plots.
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A Disclaimer and Trademarks

A.1 Disclaimer

Silicon Laboratories 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 Laboratories 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 Laboratories 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 Laboratories shall have no liability for the conse-
guences 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 must not be
used within any Life Support System without the specific written consent of Silicon Laboratories. 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 Laboratories
products are generally not intended for military applications. Silicon Laboratories 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.

A.2 Trademark Information

Silicon Laboratories Inc., Silicon Laboratories, Silicon Labs, SiLabs and the Silicon Labs logo, CMEMS®,
EFM, EFM32, EFR, Energy Micro, Energy Micro logo and combinations thereof, "the world’s most ener-
gy friendly microcontrollers", Ember®, EZLink®, EZMac®, EZRadio®, EZRadioPRO®, DSPLL®, ISO-
modem®, Precision32®, ProSLIC®, SIPHY®, USBXpress® and others are trademarks or registered
trademarks of Silicon Laboratories Inc. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or reg-
istered 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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