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EFNVI'32 ...the world's most energy friendly microcontrollers

1 Ordering Information

Table 1.1 (p. 2) shows the available EFM32WG390 devices.

Table 1.1. Ordering Information

Ordering Code Flash (kB) RAM (kB) Supply Temperature @ Package
Voltage (°C)
V)
EFM32WG390F64-BGA112 64 32 48 1.98-3.8 -40 - 85 BGA112
EFM32WG390F128-BGA112 128 32 48 1.98-38 |-40-85 BGA112
EFM32WG390F256-BGA112 256 32 48 198-38 |[-40-85 BGA112

Visit www.silabs.com for information on global distributors and representatives.
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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 External Bus Interface (EBI)

The External Bus Interface provides access to external parallel interface devices such as SRAM, FLASH,
ADCs and LCDs. The interface is memory mapped into the address bus of the Cortex-M4. This enables
seamless access from software without manually manipulating the 10 settings each time a read or write
is performed. The data and address lines are multiplexed in order to reduce the number of pins required
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VCMP Full configuration NA

ADCO Full configuration ADCO_CH[7:0]

DACO Full configuration DACO_OUT[1:0], DACO_OUTXALT
OPAMP Full configuration Outputs: OPAMP_OUTX,

OPAMP_OUTXALT, Inputs:
OPAMP_Px, OPAMP_NXx

AES Full configuration NA

GPIO 86 pins Available pins are shown in
Table 4.3 (p. 67)

2.3 Memory Map

The EFM32WG390 memory map is shown in Figure 2.2 (p. 9), with RAM and Flash sizes for the
largest memory configuration.

Figure 2.2. EFM32WG390 Memory Map with largest RAM and Flash sizes
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Figure 3.3. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 21MHz
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Figure 3.4. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 14MHz
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Figure 3.5. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 11MHz
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Figure 3.6. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 6.6MHz
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Sourcing 20 mA, Vpp=3.0 V, 0.80Vpp \
GPIO_Px_CTRL DRIVEMODE
= HIGH
Sinking 0.1 mA, Vpp=1.98 V, 0.20Vpp \Y
GPIO_Px_CTRL DRIVEMODE
= LOWEST
Slnklng 0.1 mA, Vpp=3.0V, 0.10Vpp \%
GPIO_Px_CTRL DRIVEMODE
= LOWEST
Sinking 1 mA, Vpp=1.98 V, 0.10Vpp \Y
GPIO_Px_CTRL DRIVEMODE
=LOW
Sinking 1 mA, Vpp=3.0V, 0.05Vpp \Y,
Output low voltage | GPIO_Px_CTRL DRIVEMODE
(Production test = LOW
ViooL condition = 3.0V,
DRIVEMODE = Sinking 6 mA, Vpp=1.98 V, 0.30Vpp | V
STANDARD) GPIO_Px_CTRL DRIVEMODE
= STANDARD
Sinking 6 mA, Vpp=3.0 V, 0.20Vpp | V
GPIO_Px_CTRL DRIVEMODE
= STANDARD
Slnklng 20 mA, Vpp=1.98 V, 0.35Vpp | V
GPIO_Px_CTRL DRIVEMODE
= HIGH
Sinking 20 mA, Vpp=3.0 V, 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 I/O pin pull-up resis- 40 kOhm
tor
Rpp 1/0O pin pull-down re- 40 kOhm
sistor
Rioesp 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 Output 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 010VDD V
(VioTHr+ - VioTHR-)
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Figure 3.14. Typical High-Level Output Current, 3V Supply Voltage
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Figure 3.24. Integral Non-Linearity (INL)
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3.10.1 Typical performance

Figure 3.26. ADC Frequency Spectrum, Vdd = 3V, Temp = 25°C
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Figure 3.27. ADC Integral Linearity Error vs Code, Vdd = 3V, Temp = 25°C
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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

71 79.4
2XVDDV 125
TOf o 1 Y N I e SN SR 1
vdd
[T R ATt SRR T E I ERLE SPTPRITPPIRTE SEPRPIPR 1
68
oy
=
QBT
&
SVDIFF
66 e 92V5
B[
B[
j 3 SVDIFF
63 i ; i i ; 1v2s
=40 -15 5 25 45 65 85 85

Temperature [°C]

Temperature [°C]

Signal to Noise Ratio (SNR) Spurious-Free Dynamic Range (SFDR)

www.silabs.com

2014-06-13 - EFM32WG390FXX - d0193_Rev1.40




...the world's most energy friendly microcontrollers

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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Symbol

Parameter

Condition

Vout=1V, RESSEL=0, 0.1 196 UVRMs
Hz<f<1 MHz, OPAXHCMDIS=0

Vout=1V, RESSEL=0, 0.1 229 UVRMs
Hz<f<1 MHz, OPAXHCMDIS=1

RESSEL=7, 0.1 Hz<f<10 kHz, 1230 UVRms
OPAXHCMDIS=0

RESSEL=7, 0.1 Hz<f<10 kHz, 2130 UVRMs
OPAXHCMDIS=1

RESSEL=7, 0.1 Hz<f<1 MHz, 1630 KVRms
OPAXHCMDIS=0

RESSEL=7, 0.1 Hz<f<1 MHz, 2590 MVRMs
OPAXHCMDIS=1

Figure 3.32. OPAMP Common Mode Rejection Ratio
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Figure 3.33. OPAMP Positive Power Supply Rejection Ratio
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Figure 3.37. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS =0, HALFBIAS =1
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Table 3.27. 12C Fast-mode Plus (Fm+)

fscL SCL clock frequency 0 1000* | kHz
tLow SCL clock low time 0.5 us
tHiGH SCL clock high time 0.26 us
tsu,paT SDA set-up time 50 ns
tHD,DAT SDA hold time 8 ns
tsu,sta Repeated START condition set-up time 0.26 us
tHp,STA (Repeated) START condition hold time 0.26 us
tsu.sTo STOP condition set-up time 0.26 ps
tsur Bus free time between a STOP and a START condi- 0.5 ps
tion

For the minimum HFPERCLK frequency required in Fast-mode Plus, see the 12C chapter in the EFM32WG Reference Manual.

3.17 USART SPI

Figure 3.43. SPI Master Timing

CS  Nlewo /

SCLK

CLKPOL = 0

i | tscik w
SCLK ] 1 !
CLKPOL = 1 | 3 |

MOSI X
MISO X X X )

Table 3.28. SPI Master Timing

tscLk 12 SCLK period 2 * thFPER- ns
CLK

tcs Mo 12 CS to MOSI -2.00 2.00 | ns

tscLk Mo 12 SCLK to MOSI -1.00 3.00 | ns

tsy_mit2 MISO setup time IOVDD =3.0V 36.00 ns

tH w12 MISO hold time -6.00 ns

1Applies for both CLKPHA = 0 and CLKPHA = 1 (figure only shows CLKPHA = 0)
2Measurement done at 10% and 90% of Vpp (figure shows 50% of Vpp)

2014-06-13 - EFM32WG390FXX - d0193_Rev1.40 www.silabs.com




EFNVI'32

...the world's most energy friendly microcontrollers

4 Pinout and Package

Note
Please refer to the application note "AN0002 EFM32 Hardware Design Considerations" for
guidelines on designing Printed Circuit Boards (PCB's) for the EFM32WG390.

4.1 Pinout

The EFM32WG390 pinout is shown in Figure 4.1 (p. 57) and Table 4.1 (p. 57). Alternate locations
are denoted by "#" followed by the location number (Multiple locations on the same pin are split with "/").
Alternate locations can be configured in the LOCATION bitfield in the *_ ROUTE register in the module
in question.

Figure 4.1. EFM32WG390 Pinout (top view, not to scale)

Pin Al index
" @ OPODO @D
e e e e eSe s
: PO
: @O OO @
e
: @ @ @ © & e e o
: @Oy @
)
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Table 4.1. Device Pinout

BGA112 Pin# Pin Alternate Functionality / Description
and Name

Pin Name Timers Communication

Al PE15 EBI_ADOQ7 #0/1/2 TIM3_CC1 #0 LEUO_RX #2
A2 PE14 EBI_ADO6 #0/1/2 TIM3_CCO #0 LEUO_TX #2
USO_RX #3
A3 PE12 EBI_ADO4 #0/1/2 TIM1_CC2 #1 USO_CLK #0 L(I;’\SAUKI?'II:I;%G#:O
12CO_SDA #6 -
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BGA112 Pin#
and Name

Pin Name

Pin Alternate Functionality / Description

Timers

Communication
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D4 VSS Ground
D5 I0VDD_6 Digital 10 power supply 6.
D6 PD9 EBI_CSO0 #0/1/2
D7 I0VDD_5 Digital 10 power supply 5.
D8 PF1 TIMO_CCL1 #5 LUESU]%)_CI:?SXf3 DBG_SWDIO #0/1/2/3
LETIMO_OUT1 #2 I2C0__SCL #5 GPIO_EM4WU3
D9 PE7 EBI_A14 #0/1/2 USO_TX #1
D10 PC8 ACMP1_CHO EBI_A15 #0/1/2 TIM2_CCO #2 USO0_CS #2 LES_CH8 #0
LES_CH9 #0
D11 PC9 ACMP1_CH1 EBI_AQ9 #1/2 TIM2_CC1 #2 USO_CLK #2 GPIO_EMAWU2
ETM_TCLK #3
El PA6 EBI_AD15 #0/1/2 LEU1_RX #1 GPIO_EMAWU1
LES_ALTEX4 #0
E2 PA5 EBI_AD14 #0/1/2 TIMO_CDTI2 #0 LEU1_TX #1 ETM_TD3 #3
LES_ALTEX3 #0
E3 PA4 EBI_AD13 #0/1/2 TIMO_CDTI1 #0 UO_RX #2 ETM_TD2 #3
E4 PBO EBI_A16 #0/1/2 TIM1_CCO #2
US1_CLK #2
E8 PFO LE-I:I!:\:/IOO_%?T%S#Z LEUO_TX #3 DBG_SWCLK #0/1/2/3
- 12CO_SDA #5
TIM3_CCO #1 UO_TX #1
B9 PEO EBI_AGY #0/1/2 PCNTO_SOIN #1 12C1_SDA #2
TIM3_CC1 #1 UO_RX #1
E10 PEL EBI_A08 #0/1/2 PCNTO_S1IN #1 12C1_SCL #2
Ell PE3 BU_STAT EBI_A10 #0 Ul RX#3 ACMP1_O #1
F1 PB1 EBI_A17 #0/1/2 TIM1_CC1 #2
F2 PB2 EBI_A18 #0/1/2 TIM1_CC2 #2
F3 PB3 EBI_A19 #0/1/2 PCNT1_SOIN #1 US2_TX #1
F4 PB4 EBI_A20 #0/1/2 PCNT1_S1IN #1 US2_RX #1
F8 VDD_DREG Power supply for on-chip voltage regulator.
F9 VSS_DREG Ground for on-chip voltage regulator.
F10 PE2 BU_VOUT EBI_A09 #0 TIM3_CC2 #1 ULl TX#3 ACMPO_O #1
F11 DECOUPLE Decouple output for on-chip voltage regulator. An external capacitance of size CpecoupLg iS required at this pin.
G1 PB5 EBI_A21 #0/1/2 US2_CLK #1
G2 PB6 EBI_A22 #0/1/2 US2_CS #1
G3 VSS Ground
G4 I0VDD_0 Digital 10 power supply 0.
G8 I0VDD_4 Digital 10 power supply 4.
G9 VSS Ground
LEU1_TX #0 LES_CH®6 #0
G10 PC6 ACMPO_CH6 EBI_AO05 #0/1/2 12C0_SDA #2 ETM TCLK #2
LEU1_RX #0 LES_CH7 #0
G11 PC7 ACMPOQ_CH7 EBI_A06 #0/1/2 12C0_SCL #2 ETM_TDO #2
ACMPO_CHO TIMO_CC1 #4 USO_TX #5 LES_CHO #0
H1 pCo DACO_OUTOALT #0/ EBI_A23 #0/1/2 PCNTO_SOIN #2 US1_TX #0 PRS_CH2 #0
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PCNT1_SOIN PC4 PB3 Pulse Counter PCNT1 input number 0.

PCNT1_S1IN PC5 PB4 Pulse Counter PCNT1 input number 1.

PCNT2_SOIN PDO PE8 Pulse Counter PCNT2 input number 0.

PCNT2_S1IN PD1 PE9 Pulse Counter PCNT2 input number 1.

PRS_CHO PAO Peripheral Reflex System PRS, channel 0.

PRS_CH1 PA1 Peripheral Reflex System PRS, channel 1.

PRS_CH2 PCO PF5 Peripheral Reflex System PRS, channel 2.

PRS_CH3 PC1 PE8 Peripheral Reflex System PRS, channel 3.

TIMO_CCO PAO PAO PF6 PD1 PAO PFO Timer 0 Capture Compare input / output channel 0.
TIMO_CC1 PA1 PA1 PF7 PD2 PCO PF1 Timer O Capture Compare input / output channel 1.
TIMO_CC2 PA2 PA2 PF8 PD3 PC1 PF2 Timer 0 Capture Compare input / output channel 2.
TIMO_CDTIO PA3 pPC2 Timer 0 Complimentary Deat Time Insertion channel 0.
TIMO_CDTI1 PA4 PC3 Timer 0 Complimentary Deat Time Insertion channel 1.
TIMO_CDTI2 PA5 PF5 PC4 PF5 Timer 0 Complimentary Deat Time Insertion channel 2.
TIM1_CCO PE10 PBO PB7 PD6 Timer 1 Capture Compare input / output channel 0.
TIM1_CC1 PE11 PB1 PB8 PD7 Timer 1 Capture Compare input / output channel 1.
TIM1_CC2 PE12 PB2 PB11 Timer 1 Capture Compare input / output channel 2.
TIM2_CCO PA8 PA12 PC8 Timer 2 Capture Compare input / output channel 0.
TIM2_CC1 PA9 PA13 PC9 Timer 2 Capture Compare input / output channel 1.
TIM2_CC2 PA10 PA14 PC10 Timer 2 Capture Compare input / output channel 2.
TIM3_CCO PE14 PEO Timer 3 Capture Compare input / output channel 0.
TIM3_CC1 PE15 PE1 Timer 3 Capture Compare input / output channel 1.
TIM3_CC2 PA15 PE2 Timer 3 Capture Compare input / output channel 2.
UO_RX PF7 PE1 PA4 UARTO Receive input.

Uo_TX PF6 PEO PA3 ;prlf;(oc-(r)ﬁ?s::]iitc (;::)pnu.t. Also used as receive input in half
U1_RX PF11 PB10 | PE3 UART1 Receive input.

UL TX PF10 PBY PE2 ;prll?;;(lc'(l;rr;irrl]slrjrr]]iitc c;::)pnu.t. Also used as receive input in half
USO_CLK PE12 PE5 PC9 PB13 PB13 USARTO clock input / output.

USO_CSs PE13 PE4 PC8 PB14 PB14 USARTO chip select input / output.

USARTO Asynchronous Receive.

USO_RX PELL PE6 PC10 PE12 PB8 PC1 USARTO Synchronous mode Master Input / Slave Output
(MISO).
USARTO Asynchronous Transmit.Also used as receive in-
put in half duplex communication.

USO_TX PE10 PE7 PC11 PE13 PB7 PCO
USARTO Synchronous mode Master Output / Slave Input
(MOSI).

US1_CLK PB7 PD2 PFO USART1 clock input / output.

US1 CS PB8 PD3 PF1 USART1 chip select input / output.
USART1 Asynchronous Receive.

US1_RX PC1 PD1 PD& USART1 Synchronous mode Master Input / Slave Output
(MISO).

USs1_TX PCO PDO PD7 USART1 Asynchronous Transmit.Also used as receive in-

put in half duplex communication.
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The BGA112 Package uses SAC105 solderballs.
All EFM32 packages are RoHS compliant and free of Bromine (Br) and Antimony (Sb).

For additional Quality and Environmental information, please see:
http://www.silabs.com/support/quality/pages/default.aspx
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Figure 5.3. BGA112 PCB Stencil Design
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Table 5.3. BGA112 PCB Stencil Design Dimensions (Dimensions in mm)

a 0.33
b 0.80
d 8.00
e 8.00

. 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. 68) .

OO WN P

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.
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