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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
to interface the external devices. The timing is adjustable to meet specifications of the external devices.
The interface is limited to asynchronous devices.
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2.1.27 Operational Amplifier (OPAMP)

The EFM32WG990 features 3 Operational Amplifiers. The Operational Amplifier is a versatile general
purpose amplifier with rail-to-rail differential input and rail-to-rail single ended output. The input can be set
to pin, DAC or OPAMP, whereas the output can be pin, OPAMP or ADC. The current is programmable
and the OPAMP has various internal configurations such as unity gain, programmable gain using internal
resistors etc.

2.1.28 Low Energy Sensor Interface (LESENSE)

The Low Energy Sensor Interface (LESENSETM), is a highly configurable sensor interface with support
for up to 16 individually configurable sensors. By controlling the analog comparators and DAC, LESENSE
is capable of supporting a wide range of sensors and measurement schemes, and can for instance mea-
sure LC sensors, resistive sensors and capacitive sensors. LESENSE also includes a programmable
FSM which enables simple processing of measurement results without CPU intervention. LESENSE is
available in energy mode EM2, in addition to EMO and EM1, making it ideal for sensor monitoring in
applications with a strict energy budget.

2.1.29 Backup Power Domain

The backup power domain is a separate power domain containing a Backup Real Time Counter, BURTC,
and a set of retention registers, available in all energy modes. This power domain can be configured to
automatically change power source to a backup battery when the main power drains out. The backup
power domain enables the EFM32WG990 to keep track of time and retain data, even if the main power
source should drain out.

2.1.30 Advanced Encryption Standard Accelerator (AES)

The AES accelerator performs AES encryption and decryption with 128-bit or 256-bit keys. Encrypting or
decrypting one 128-bit data block takes 52 HFCORECLK cycles with 128-bit keys and 75 HFCORECLK
cycles with 256-bit keys. The AES module is an AHB slave which enables efficient access to the data
and key registers. All write accesses to the AES module must be 32-bit operations, i.e. 8- or 16-bit
operations are not supported.

2.1.31 General Purpose Input/Output (GPIO)

In the EFM32WG990, there are 86 General Purpose Input/Output (GPIO) pins, which are divided into
ports with up to 16 pins each. These pins can individually be configured as either an output or input. More
advanced configurations like open-drain, filtering and drive strength can also be configured individually
for the pins. The GPIO pins can also be overridden by peripheral pin connections, like Timer PWM
outputs or USART communication, which can be routed to several locations on the device. The GPIO
supports up to 16 asynchronous external pin interrupts, which enables interrupts from any pin on the
device. Also, the input value of a pin can be routed through the Peripheral Reflex System to other
peripherals.

2.1.32 Liquid Crystal Display Driver (LCD)

The LCD driver is capable of driving a segmented LCD display with up to 8x34 segments. A voltage
boost function enables it to provide the LCD display with higher voltage than the supply voltage for the
device. In addition, an animation feature can run custom animations on the LCD display without any
CPU intervention. The LCD driver can also remain active even in Energy Mode 2 and provides a Frame
Counter interrupt that can wake-up the device on a regular basis for updating data.

2.2 Configuration Summary

The features of the EFM32WG990 is a subset of the feature set described in the EFM32WG Reference
Manual. Table 2.1 (p. 8) describes device specific implementation of the features.
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3.3.2 Environmental

Table 3.3. Environmental

vice Model, CDM)

VESDHBM ESD (Human BOdy TAMB:25°C 2500 | V
Model HBM)
VEsbcbm ESD (Charged De- Tame=25°C 750 | V

Latch-up sensitivity passed: +100 mA/1.5 x VgyppLy(Max) according to JEDEC JESD 78 method Class

I, 85°C.

3.4 Current Consumption

Table 3.4. Current Consumption

lemo

EMO current. No
prescaling. Running
prime number cal-
culation code from
Flash. (Production
test condition = 14
MHz)

48 MHz HFXO, all peripheral 225 236 | pA/
clocks disabled, Vpp= 3.0 V, MHz
TAMB:25°C

48 MHz HFXO, all peripheral 225 HA/
clocks disabled, Vpp= 3.0 V, MHz
TAMB:85°C

28 MHz HFRCO, all peripher- 226 238 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C

28 MHz HFRCO, all peripher- 227 pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C

21 MHz HFRCO, all peripher- 228 240 | pA/
al clocks disabled, Vpp=3.0V, MHz
TAMBZZSOC

21 MHz HFRCO, all peripher- 229 HA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C

14 MHz HFRCO, all peripher- 230 243 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C

14 MHz HFRCO, all peripher- 231 HA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C

11 MHz HFRCO, all peripher- 232 245 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C

11 MHz HFRCO, all peripher- 233 HA/
al clocks disabled, Vpp= 3.0V, MHz
TAMBZSSOC

6.6 MHz HFRCO, all peripher- 238 250 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C

6.6 MHz HFRCO, all peripher- 238 pA/
al clocks disabled, Vpp= 3.0V, MHz

TAMB:85°C
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Figure 3.15. Typical Low-Level Output Current, 3.8V Supply Voltage
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Figure 3.16. Typical High-Level Output Current, 3.8V Supply Voltage
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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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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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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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3.13 Analog Comparator (ACMP)

Table 3.18. ACMP

VacMPIN Input voltage range 0 Vpp | V

VacmpPeMm ACMP Common 0 Vob | V
Mode voltage range

BIASPROG=0b0000, FULL- 0.1 0.4 | pA
BIAS=0 and HALFBIAS=1 in
ACMPN_CTRL register

BIASPROG=0b1111, FULL- 2.87 15 | pA
lacmp Active current BIAS=0 and HALFBIAS=0 in
ACMPN_CTRL register

BIASPROG=0b1111, FULL- 195 520 | A
BIAS=1 and HALFBIAS=0 in
ACMPN_CTRL register

Internal voltage reference off. 0 HA
Current consump- Using external voltage refer-
IACMPREE tion of internal volt- | ence
age reference
Internal voltage reference 5 HA
VACMPOFFSET Offset voltage BIASPROG= 0b1010, FULL- -12 0 12 | mV

BIAS=0 and HALFBIAS=0 in
ACMPN_CTRL register

V ACMPHYST ACMP hysteresis Programmable 17 mV

CSRESSEL=0b00 in 39 kOhm
ACMPN_INPUTSEL

CSRESSEL=0b01 in 71 kOhm

Capacitive Sense ACMPn_INPUTSEL

Rcsres :
Internal Resistance | cgpESSEL =0b10 in 104 kOhm
ACMPn_INPUTSEL
CSRESSEL=0b11 in 136 kOhm
ACMPn_INPUTSEL
tACMPSTART Startup time 10 | ps

The total ACMP current is the sum of the contributions from the ACMP and its internal voltage reference
as given in Equation 3.1 (p. 47) . lacmperer IS zero if an external voltage reference is used.

Total ACMP Active Current

lacmpTOTAL = lacmp + lacvPREF (3.1)
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tH_ArRDY 1234 Hold time, from trailing EBI_REn, EBI_WEn edge -1 + (3 * thrcorECLK) ns
to EBI_ARDY invalid

1Applies for all addressing modes (figure only shows D16A8.)
2Applies for EBI_REn, EBI_WERn (figure only shows EBI_REn)
3Applies for all polarities (figure only shows active low signals)
“Measurement done at 10% and 90% of Vpp (figure shows 50% of ypp)

3.16 LCD

Table 3.25. LCD

fLcDrR Frame rate 30 200 | Hz
NUMggg Number of seg- 34x8 seg
ments supported
Vicp LCD supply voltage | Internal boost circuit enabled 2.0 38|V
range
Display disconnected, stat- 250 nA

ic mode, framerate 32 Hz, all
segments on.

Steady state current

. Display disconnected, quadru- 550 nA
consumption.

plex mode, framerate 32
Hz, all segments on, bias
mode to ONETHIRD in
LCD_DISPCTRL register.

l.cp

Steady state Cur- Internal voltage boost off 0 HA

lLcoBoosT rent CO:’]gIbUtIOn of | Internal voltage boost on, 8.4 HA
internal boost. boosting from 2.2 V to 3.0 V.

VBLEV of LCD_DISPCTRL 3.02 \%
register to LEVELO

VBLEV of LCD_DISPCTRL 3.15 \%
register to LEVEL1

VBLEV of LCD_DISPCTRL 3.28 \Y,
register to LEVEL2

VBLEV of LCD_DISPCTRL 3.41 V
register to LEVEL3

VBoosT Boost Voltage
VBLEV of LCD_DISPCTRL 3.54 \%

register to LEVEL4

VBLEV of LCD_DISPCTRL 3.67 \%
register to LEVEL5

VBLEV of LCD_DISPCTRL 3.73 \%
register to LEVEL6

VBLEV of LCD_DISPCTRL 3.74 \%
register to LEVEL7

The total LCD current is given by Equation 3.3 (p. 53) . |, cpeoosT iS zero if internal boost is off.

Total LCD Current Based on Operational Mode and Internal Boost

lLcotoTAaL = lLep + licpBoosT (3.3)
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Debug-interface Serial Wire clock input.
DBG_SWCLK PFO PFO PFO PFO Note that this function is enabled to pin out of reset, and

has a built-in pull down.

Debug-interface Serial Wire data input / output.
DBG_SWDIO PF1 PF1 PF1 PF1 Note that this function is enabled to pin out of reset, and

has a built-in pull up.

Debug-interface Serial Wire viewer Output.
DBG_SWO PF2 PD1 PD2 Note that this function is not enabled after reset, and must

be enabled by software to be used.
EBI_A00 PA12 PA12 PA12 External Bus Interface (EBI) address output pin 00.
EBI_A01 PA13 PA13 PA13 External Bus Interface (EBI) address output pin 01.
EBI_A02 PAl14 PA14 PA14 External Bus Interface (EBI) address output pin 02.
EBI_A03 PB9 PB9 PB9 External Bus Interface (EBI) address output pin 03.
EBI_A04 PB10 PB10 PB10 External Bus Interface (EBI) address output pin 04.
EBI_A05 PC6 PC6 PC6 External Bus Interface (EBI) address output pin 05.
EBI_A06 PC7 PC7 PC7 External Bus Interface (EBI) address output pin 06.
EBI_A07 PEO PEO PEO External Bus Interface (EBI) address output pin 07.
EBI_A08 PE1 PE1 PE1 External Bus Interface (EBI) address output pin 08.
EBI_A09 PE2 PC9 PC9 External Bus Interface (EBI) address output pin 09.
EBI_A10 PE3 PC10 PC10 External Bus Interface (EBI) address output pin 10.
EBI_A11l PE4 PE4 PE4 External Bus Interface (EBI) address output pin 11.
EBI_A12 PE5 PE5 PES External Bus Interface (EBI) address output pin 12.
EBI_A13 PE6 PE6 PE6 External Bus Interface (EBI) address output pin 13.
EBI_A14 PE7 PE7 PE7 External Bus Interface (EBI) address output pin 14.
EBI_A15 PC8 PC8 PC8 External Bus Interface (EBI) address output pin 15.
EBI_A16 PBO PBO PBO External Bus Interface (EBI) address output pin 16.
EBI_A17 PB1 PB1 PB1 External Bus Interface (EBI) address output pin 17.
EBI_A18 PB2 PB2 PB2 External Bus Interface (EBI) address output pin 18.
EBI_A19 PB3 PB3 PB3 External Bus Interface (EBI) address output pin 19.
EBI_A20 PB4 PB4 PB4 External Bus Interface (EBI) address output pin 20.
EBI_A21 PB5 PB5 PB5 External Bus Interface (EBI) address output pin 21.
EBI_A22 PB6 PB6 PB6 External Bus Interface (EBI) address output pin 22.
EBI_A23 PCO PCO PCO External Bus Interface (EBI) address output pin 23.
EBI_A24 PC1 PC1 PC1 External Bus Interface (EBI) address output pin 24.
EBI_A25 PC2 PC2 PC2 External Bus Interface (EBI) address output pin 25.
EBI_A26 PC4 PC4 pPC4 External Bus Interface (EBI) address output pin 26.
EBI_A27 PD2 PD2 PD2 External Bus Interface (EBI) address output pin 27.
EBI_ADOO PES PES PES Elf:%rir;a(l)gus Interface (EBI) address and data input / out-
EBI_ADO1 PE9 PE9 PE9 E:I«?)rir:]acl)ius Interface (EBI) address and data input / out-
EBI_ADO2 PE10 PE10 PE10 Eﬁe;r;]a(l);us Interface (EBI) address and data input / out-
EBI_ADO3 PE11 PE11 PE11 Eﬁ(i)rirr:a(l):us Interface (EBI) address and data input / out-
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TIMO_CCO PAO PAO PF6 PD1 PAO PFO Timer 0 Capture Compare input / output channel 0.
TIMO_CC1 PAL PA1 PF7 PD2 PCO PF1 Timer 0 Capture Compare input / output channel 1.
TIMO_CC2 PA2 PA2 PF8 PD3 PC1 PF2 Timer O Capture Compare input / output channel 2.
TIMO_CDTIO PA3 PC2 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.

UARTO Transmit output. Also used as receive input in half

uo_TX PF6 PEO PA3 Lo
- duplex communication.
Ul _RX PF11 PB10 PE3 UART1 Receive input.
Ul TX PE10 PBY PE2 UART1 TransmlF output. Also used as receive input in half
- duplex communication.

USO0_CLK PE12 PE5 PC9 PB13 PB13 USARTO clock input / output.

uUso_Cs PE13 PE4 PC8 PB14 PB14 USARTO chip select input / output.
USARTO Asynchronous Receive.

USO_RX PE11 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 PD6 USART1 Synchronous mode Master Input / Slave Output
(MISO).
USART1 Asynchronous Transmit.Also used as receive in-
put in half duplex communication.

US1_TX PCO PDO PD7
USART1 Synchronous mode Master Output / Slave Input
(MOSI).

US2_CLK PC4 PB5 USART2 clock input / output.

uUs2_Cs PC5 PB6 USART2 chip select input / output.
USART2 Asynchronous Receive.

US2_RX PC3 PB4 USART2 Synchronous mode Master Input / Slave Output
(MISO).

us2_TX PC2 PB3 USART2 Asynchronous Transmit.Also used as receive in-

put in half duplex communication.
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Alternate LOCATION

Functionality 2 ] Description

USART2 Synchronous mode Master Output / Slave Input
(MOSI).

USB_DM PF10 USB D- pin.

USB_DMPU PD2 USB D- Pullup control.

USB_DP PF11 USB D+ pin.

USB_ID PF12 USB ID pin. Used in OTG mode.

USB_VBUS USB_VBUS USB 5V VBUS input.

USB_VBUSEN PF5 USB 5 V VBUS enable.

USB_VREGI USB_VREGI USB Input to internal 3.3 V regulator

USB_VREGO USB_VREGO SligrDoelftgﬂi)ling for internal 3.3 VV USB regulator and reg-

4.3 GPIO Pinout Overview

The specific GPIO pins available in EFM32WG990 is shown in Table 4.3 (p. 70). Each GPIO port is
organized as 16-bit ports indicated by letters A through F, and the individual pin on this port in indicated
by a number from 15 down to 0.

Table 4.3. GPIO Pinout

Port A PA15 | PA14 | PAL13 | PA12 | PAll | PAL10 | PA9 PA8 PA7 PAG6 PAS PA4 PA3 PA2 PA1 PAO
Port B PB15 | PB14 | PB13 | PB12 | PB11 | PB10 | PB9 PB8 PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Port C - - - - PC11 | PC10 | PC9 PC8 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Port D PD15 | PD14 | PD13 | PD12 | PD11 | PD10 | PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Port E PE15 | PE14 | PE13 | PE12 | PE11 | PE10 | PE9 PES PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
Port F - - - PF12 | PF11 | PF10 | PF9 PF8 PF7 PF6 PF5 - - PF2 PF1 PFO

4.4 Opamp Pinout Overview

The specific opamp terminals available in EFM32WG990 is shown in Figure 4.2 (p. 71) .
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Figure 4.2. Opamp Pinout

PB11
PB12
PC4 [ |7C.)|.PAO OUTOALT AN PCO
OuTO PC1
PC5[ +—-
PC2
PC3
D4 %2 I_(;-PAZ
PD3 | |_ OUT2
PD6 [ |——— + \OUT1ALT A AN
OPA1 —N_
PD7 [ ] OuT1 M PDO
e PD1
PD5
4.5 BGA1l12 Package
Figure 4.3. BGA112
[S[05[CA] (2x)
{10.00} [a] A1 BALL CORNER
1110987(543217
A1 BALL CORNER $OOOOOOOOOOQA
§ OO0O00O0OPOOOOO |s
OO0O00O0OPOOOOO |c
$FO0000POOOOO |p
[U] EI $ 000 OO0O0O0 |E
S 8 ——oo0o S--5-5—1F
T 0000 0000 |e i
g OCOO0OO0OO0OPOOOOO |y 3
5 OCO0OO0OO0OO0OPOOOOO |y o
& 2| O0O0O00POOO00O |k ol
% $00000 44009 |\ :
B (1.00) [o.80] 2
88 B.00 *
Ecg TOP VIEW ] BOTTOM VIEW
‘ [Z10:2]¢]
|
".o.os [Bloazq]

SOLDER BALL SIZE REFERS
TO POST REFLOW CONDITION.
THE PRE—REFLOW BALL

DIAMETER IS 20.460. SIDE VIEW

Note:

1. The dimensions in parenthesis are reference.
2. Datum 'C' and seating plane are defined by the crown of the solder balls.
3. All dimensions are in millimeters.

www.silabs.com

2014-06-13 - EFM32WG990FXX - d0203_Rev1.40




...the world's most energy friendly microcontrollers

List of Figures

P R = (o ot g DI = o [ = o I ORI 3
2.2. EFM32WG990 Memory Map with largest RAM and Flash SiZes ...........ccoiiiiiiii e 9
3.1. EM1 Current consumption with all peripheral clocks disabled and HFXO running at 48MHz ..ot 13
3.2. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 28MHz ..., 13
3.3. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 21MHz ...............ccoviiiinn, 14
3.4. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 14MHz ..., 14
3.5. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 11MHz ..., 15
3.6. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 6.6MHz ..................cccevvenene. 15
3.7. EM1 Current consumption with all peripheral clocks disabled and HFRCO running at 1.2MHz ..............oooiiiienne. 16
3.8. EM2 current consumption. RTC prescaled to 1kHz, 32.768 KHz LFRCO. .......oiiiiiiiiiiiiir e 16
e I AV R oW =T o Aot ] 1T ] oo o P PP PPRPN 17
3.10. EM4 CUIMTENE CONSUMIPTION. . .uittet ettt ettt et e et et et e e et et et et et e et e et e e e et e e e e neees 17
3.11. Typical Low-Level Output Current, 2V SUPPIY VOIAGE .....ouiniiiiiiiii e 21
3.12. Typical High-Level Output Current, 2V SUPPlY VORAGE ..o e 22
3.13. Typical Low-Level Output Current, 3V SUPPIY VOIAGE ... .uveiieeiie e 23
3.14. Typical High-Level Output Current, 3V Supply VOIAGE ... e 24
3.15. Typical Low-Level Output Current, 3.8V SUPPIY VORAGE ....o.oviniiiii e 25
3.16. Typical High-Level Output Current, 3.8V SUPPIY VOIBGE ......ouieiiiiiiie e 26
3.17. Calibrated LFRCO Frequency vs Temperature and Supply VOIGE .......coeiiiiiiiiiiiiiiiii e 28
3.18. Calibrated HFRCO 1 MHz Band Frequency vs Supply Voltage and Temperature ............ccccceeieieririiiniiiinennnnnanes 29
3.19. Calibrated HFRCO 7 MHz Band Frequency vs Supply Voltage and TEMPErature ............ccooveoveieeinnienieninnenennsn 30
3.20. Calibrated HFRCO 11 MHz Band Frequency vs Supply Voltage and Temperature ............cccoeveieiiiiiiieninininenann. 30
3.21. Calibrated HFRCO 14 MHz Band Frequency vs Supply Voltage and Temperature .............cccoevvviviiiieiiiininininnnn. 30
3.22. Calibrated HFRCO 21 MHz Band Frequency vs Supply Voltage and Temperature .............coooveveiienieinnenenannns. 31
3.23. Calibrated HFRCO 28 MHz Band Frequency vs Supply Voltage and Temperature ............cccoevuieiiiiienininininenann. 31
3.24. Integral NON-LINEAILY (INL) ...uiuititititit ittt e e e e e et et e et et et et e et e ettt et e e e e e e et et et et et e aenaaaans 37
3.25. Differential NON-LINEAIY (DINL) .....uiiiiiit ittt et ettt et et ettt et et e e e e 37
3.26. ADC Frequency Spectrum, Vdd = 3V, TemP = 25%C ..ottt 38
3.27. ADC Integral Linearity Error vs Code, Vdd = 3V, TEMP = 25°%C ..ottt 39
3.28. ADC Differential Linearity Error vs Code, Vdd = 3V, TemMpP = 25°C ..ot 40
3.29. ADC Absolute Offset, Common MOAE = VO /2 ... e e e e e ea s 41
3.30. ADC Dynamic Performance vs Temperature for all ADC References, VAd =3V ... 41
3.31. ADC Temperature SENSOF FEAGOUL ........c.iteniteet ettt ettt ettt e e et et et e et e et et e et e e e n e e e e e nnenenaenes 42
3.32. OPAMP Common Mode REJECHON RALIO ... ...ueuiiiiii ettt aaaans 45
3.33. OPAMP Positive Power Supply REJECHON RALIO ......iviuitititiiiie e e aaaanas 45
3.34. OPAMP Negative Power Supply ReJECHON RALIO ......c.ieiiiiiiii e 46
3.35. OPAMP Voltage Noise Spectral Density (Unity Gain) VourmLV oo 46
3.36. OPAMP Voltage Noise Spectral Density (NON-UNity Gain) .......c.oeiiiiiiiiiiii e aaaaans 46
3.37. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS = 0, HALFBIAS =1 .. .ot 48
3.38. EBI Write EN@DIE TiMNG ....eettiie e ettt ettt ettt 49
3.39. EBI Address Latch Enable Related OULPUL TiMING ...vouirinieii e e e aaes 50
3.40. EBI Read Enable Related OULPUL TIMING .. ..curnintiiie et et et et et e e e et e e e eenes 51
3.41. EBI Read Enable Related Timing REQUIFEMENTS ......c.iuiuiiiititii e eenes 52
3.42. EBI Ready/Wait Related Timing REQUITEMENTS ... .. .ttt e e e et e e e aaanas 52
R T o I\ T3 (=T T 11T o [ PPN 55
RO ] o ST oAV N o 1] o [ PP PP 56
4.1. EFM32WG990 Pinout (0P VIEW, NOL 10 SCAIE) ...euiuiiiiiiiiiii et et e eaenen 58
4.2, OPAMP PINMOUL ...ttt et ettt e et ettt ettt et e et 71
4.3, BG AL ottt 71
5.1. BGALL2 PCB LaNd PAIEIM ....uiiiitiiititei ettt ettt ettt 73
5.2. BGALL2 PCB SOIEI MASK ....eiiiiiiiiiei ettt et e 74
5.3. BGALL2 PCB SEENCIH DESIGN ...ttt et e ettt et e et ettt 75
6.1. Example Chip Marking (T0P VIBW) ...cuiuiuinieitiiiite e ettt e e et et e e e ettt e e e e e e e e e e e aeaaens 76

2014-06-13 - EFM32WG990FXX - d0203_Rev1.40 www.Silabs.com




...the world's most energy friendly microcontrollers

List of Tables

00 O @ o =Y 1 o B 1) 0] 20 2= L4 [0 o P 2
b2 I @to g ilo 0= i o A TS T U g = o PPN 8
3.1. ADSOIUtE MAXIMUIM REUINGS . ...tientiititt et et ettt et ettt et et et ettt et n e e et e e nenees 10
3.2. General Operating CONITIONS ... ...ttt et e e e et e et et e e e et e e et r e et e et e e eneaaenas 10
3.3L ENVIFONIMENTAL ..ottt et ettt ettt 11
K ¥ (=T o1 @] 0 KU 141 11 o] o PP 11
G ST = 01T (o)A 1V Yo L= I = U 7111 ) o 17
B T T =0 1Y =T g V= TP Vo T o 1= o PP 18
B T ! - 1] PP 19
RS T €] = (@ R PP PPTPPTP 19
R T I o (@ L PP TPPTPPR 27
BLd0. HEXO ettt 27
BidL. LFRCO ittt et 28
BLd2. HERCO ittt 29
3.3, AUXHRFRECO .ottt e e ettt 32
BLLA. ULFRCO ..ottt ettt 32
Bid. A i e 32
BLdB. DAC it 42
BLd7. OP AMP o 43
Bid8. AP it 47
BLd0. VM ettt 49
24 T = = VLY 1 (= g F= o] = T o113 PP 50
3.21. EBI Address Latch Enable Related OULPUL TiMING ...ovritiriiii e e a e aaes 50
3.22. EBI Read Enable Related OULPUL TIMING .. ..curnintiiie ettt ettt et e et e e eenes 51
3.23. EBI Read Enable Related Timing REQUIFEMENTS .......uuiuiit i e eneeens 52
3.24. EBI Ready/Wait Related Timing REQUITEMENTS ... ... .ttt e e e et a e e e e e e aananas 52
K4S T 1 6 5 PP TP TP PRPTPN 53
3.26. 12C StaNdard-MOAE (SIM) ...iuiiiitiit e ettt e ettt 54
I R 7 Ol =Ty o o Lo () PP 54
3.28. 12C FaSt-MOUE PIUS (FMt) . oieiiiiiiii ettt ettt et et et ettt et et et e enas 55
G4 TS Y- T3 1= T 01T R 55
3.30. SPI Master Timing with SSSEARLY and SMSDELAY .....cuuiiiiiiiie e 56
I j S o IS F= Y 0 11 o PPN 56
3.32. SPI Slave Timing with SSSEARLY and SMSDELAY ...ttt e et 56
3.33. DiIgItal PeIPNEIAIS ... vt 57
O I TV ot o 11 PP 58
4.2. Alternate fUNCLONANILY OVEIVIEW ........iiitii et ettt ettt e e et et e e e enanns 62
4.3, GPIO PINOUL ..ttt e 70
5.1. BGA112 PCB Land Pattern Dimensions (DIMENSIONS 1N MIM) .....uuiuiiinitit et enees 73
5.2. BGA112 PCB Solder Mask Dimensions (DIMENSIONS IN MIM) ....ouiuiiniie e e e e aeneeens 74
5.3. BGA112 PCB Stencil Design Dimensions (DIiMeENSIONS IN MM ......iiiiiie e aaaaas 75

2014-06-13 - EFM32WG990FXX - d0203_Rev1.40 www.silabs.com




...the world's most energy friendly microcontrollers

List of Equations

3.1, Total ACMP ACHVE CUITEINT ...ttt ettt ettt ettt et e et e et et e et e et e e e et r e et e et e e et e e e e e eneeens 47
3.2. VCMP Trigger Level as a Function of Level SettiNg ........ciuiuiiiii e e e 49
3.3. Total LCD Current Based on Operational Mode and Internal BOOSt .........cooiiiiiii e 53

2014-06-13 - EFM32WG990FXX - d0203_Rev1.40 www.silabs.com




ZERO TINY GECKO LEOPARD GIANT WONDER

ARM Cortex-M0+ ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M4




