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Welcome to E-XFL.COM

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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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2.1.21 Advanced Encryption Standard Accelerator (AES)
The AES accelerator performs AES encryption and decryption with 128-bit. Encrypting or decrypting one
128-bit data block takes 52 HFCORECLK cycles with 128-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.

2.1.22 General Purpose Input/Output (GPIO)
In the EFM32HG110, there are 17 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 11 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.

2.2 Configuration Summary
The features of the EFM32HG110 is a subset of the feature set described in the EFM32HG Reference
Manual. Table 2.1 (p. 6)  describes device specific implementation of the features.

Table 2.1. Configuration Summary

Module Configuration Pin Connections

Cortex-M0+ Full configuration NA

DBG Full configuration DBG_SWCLK, DBG_SWDIO,

MSC Full configuration NA

DMA Full configuration NA

RMU Full configuration NA

EMU Full configuration NA

CMU Full configuration CMU_OUT0, CMU_OUT1

WDOG Full configuration NA

PRS Full configuration NA

I2C0 Full configuration I2C0_SDA, I2C0_SCL

USART0 Full configuration with IrDA and I2S US0_TX, US0_RX. US0_CLK, US0_CS

USART1 Full configuration with I2S and IrDA US1_TX, US1_RX, US1_CLK, US1_CS

LEUART0 Full configuration LEU0_TX, LEU0_RX

TIMER0 Full configuration with DTI TIM0_CC[2:0], TIM0_CDTI[2:0]

TIMER1 Full configuration TIM1_CC[2:0]

TIMER2 Full configuration TIM2_CC[2:0]

RTC Full configuration NA

PCNT0 Full configuration, 16-bit count register PCNT0_S[1:0]

ACMP0 Full configuration ACMP0_CH[1:0], ACMP0_O

VCMP Full configuration NA

ADC0 Full configuration ADC0_CH[7:6]
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3 Electrical Characteristics
3.1 Test Conditions

3.1.1 Typical Values

The typical data are based on TAMB=25°C and VDD=3.0 V, as defined in Table 3.2 (p. 8) , unless
otherwise specified.

3.1.2 Minimum and Maximum Values

The minimum and maximum values represent the worst conditions of ambient temperature, supply volt-
age and frequencies, as defined in Table 3.2 (p. 8) , unless otherwise specified.

3.2 Absolute Maximum Ratings
The absolute maximum ratings are stress ratings, and functional operation under such conditions are
not guaranteed. Stress beyond the limits specified in Table 3.1 (p. 8)  may affect the device reliability
or cause permanent damage to the device. Functional operating conditions are given in Table 3.2 (p.
8) .

Table 3.1. Absolute Maximum Ratings

Symbol Parameter Condition Min Typ Max Unit

TSTG Storage tempera-
ture range

 -40  1501 °C

TS Maximum soldering
temperature

Latest IPC/JEDEC J-STD-020
Standard

  260 °C

VDDMAX External main sup-
ply voltage

 0  3.8 V

VIOPIN Voltage on any I/O
pin

 -0.3  VDD+0.3 V

1Based on programmed devices tested for 10000 hours at 150ºC. Storage temperature affects retention of preprogrammed cal-
ibration values stored in flash. Please refer to the Flash section in the Electrical Characteristics for information on flash data re-
tention for different temperatures.

3.3 General Operating Conditions

3.3.1 General Operating Conditions

Table 3.2. General Operating Conditions

Symbol Parameter Min Typ Max Unit

TAMB Ambient temperature range -40  85 °C

VDDOP Operating supply voltage 1.98  3.8 V

fAPB Internal APB clock frequency   25 MHz

fAHB Internal AHB clock frequency   25 MHz
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Symbol Parameter Condition Min Typ Max Unit

24 MHz HFXO, all peripheral
clocks disabled, VDD= 3.0 V,
TAMB=25°C

 64 68 µA/
MHz

24 MHz HFXO, all peripheral
clocks disabled, VDD= 3.0 V,
TAMB=85°C

 67 71 µA/
MHz

24 MHz USHFRCO, all periph-
eral clocks disabled, VDD= 3.0
V, TAMB=25°C

 85 91 µA/
MHz

24 MHz USHFRCO, all periph-
eral clocks disabled, VDD= 3.0
V, TAMB=85°C

 86 92 µA/
MHz

24 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 51 55 µA/
MHz

24 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 52 56 µA/
MHz

21 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 53 57 µA/
MHz

21 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 54 58 µA/
MHz

14 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 56 59 µA/
MHz

14 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 57 61 µA/
MHz

11 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 58 61 µA/
MHz

11 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 59 63 µA/
MHz

6.6 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 64 68 µA/
MHz

6.6 MHz HFRCO, all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 67 71 µA/
MHz

1.2 MHz HFRCO. all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=25°C

 106 114 µA/
MHz

IEM1 EM1 current

1.2 MHz HFRCO. all peripher-
al clocks disabled, VDD= 3.0 V,
TAMB=85°C

 114 126 µA/
MHz

IEM2 EM2 current

EM2 current with RTC
prescaled to 1 Hz, 32.768
kHz LFRCO, VDD= 3.0 V,
TAMB=25°C

 0.9 1.35 µA
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Figure 3.3.  EM0 Current consumption while executing prime number calculation code from flash
with HFRCO running at 14 MHz

Figure 3.4.  EM0 Current consumption while executing prime number calculation code from flash
with HFRCO running at 11 MHz
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Figure 3.7.  EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 21 MHz

Figure 3.8.  EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 14 MHz
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Figure 3.9.  EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 11 MHz

Figure 3.10.  EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 6.6 MHz
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3.4.5 EM4 Current Consumption

Figure 3.13.  EM4 current consumption.

3.5 Transition between Energy Modes
The transition times are measured from the trigger to the first clock edge in the CPU.

Table 3.4. Energy Modes Transitions

Symbol Parameter Min Typ Max Unit

tEM10 Transition time from EM1 to EM0  0  HF-
CORE-
CLK
cycles

tEM20 Transition time from EM2 to EM0  2  µs

tEM30 Transition time from EM3 to EM0  2  µs

tEM40 Transition time from EM4 to EM0  163  µs

3.6 Power Management
The EFM32HG 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".
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Table 3.5. Power Management

Symbol Parameter Condition Min Typ Max Unit

EM0 1.74  1.96 V
VBODextthr-

BOD threshold on
falling external sup-
ply voltage EM2 1.71 1.86 1.98 V

VBODextthr+ BOD threshold on
rising external sup-
ply voltage

  1.85  V

tRESET Delay from reset
is released until
program execution
starts

Applies to Power-on Reset,
Brown-out Reset and pin reset.

 163  µs

CDECOUPLE Voltage regulator
decoupling capaci-
tor.

X5R capacitor recommended.
Apply between DECOUPLE pin
and GROUND

 1  µF

3.7 Flash
Table 3.6. Flash

Symbol Parameter Condition Min Typ Max Unit

ECFLASH Flash erase cycles
before failure

 20000   cycles

TAMB<150°C 10000   h

TAMB<85°C 10   yearsRETFLASH Flash data retention

TAMB<70°C 20   years

tW_PROG Word (32-bit) pro-
gramming time

 20   µs

tP_ERASE Page erase time  20 20.4 20.8 ms

tD_ERASE Device erase time  40 40.8 41.6 ms

IERASE Erase current    71 mA

IWRITE Write current    71 mA

VFLASH Supply voltage dur-
ing flash erase and
write

 1.98  3.8 V

1Measured at 25°C

3.8 General Purpose Input Output
Table 3.7. GPIO

Symbol Parameter Condition Min Typ Max Unit

VIOIL Input low voltage    0.30VDD V

VIOIH Input high voltage  0.70VDD   V

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

 0.80VDD  V

VIOOH

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

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

 0.90VDD  V
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Figure 3.14. Typical Low-Level Output Current, 2V Supply Voltage
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Figure 3.15. Typical High-Level Output Current, 2V Supply Voltage

0.0 0.5 1.0 1.5 2.0
High- Level Output Voltage [V]

–0.20

–0.15

–0.10

–0.05

0.00

H
ig

h-
Le

ve
l O

ut
pu

t 
C

ur
re

nt
 [m

A
]

- 40°C
25°C
85°C

GPIO_Px_CTRL DRIVEMODE = LOWEST

0.0 0.5 1.0 1.5 2.0
High- Level Output Voltage [V]

–2.5

–2.0

–1.5

–1.0

–0.5

0.0

H
ig

h-
Le

ve
l O

ut
pu

t 
C

ur
re

nt
 [m

A
]

- 40°C
25°C
85°C

GPIO_Px_CTRL DRIVEMODE = LOW

0.0 0.5 1.0 1.5 2.0
High- Level Output Voltage [V]

–20

–15

–10

–5

0

H
ig

h-
Le

ve
l O

ut
pu

t 
C

ur
re

nt
 [m

A
]

- 40°C
25°C
85°C

GPIO_Px_CTRL DRIVEMODE = STANDARD

0.0 0.5 1.0 1.5 2.0
High- Level Output Voltage [V]

–50

–40

–30

–20

–10

0

H
ig

h-
Le

ve
l O

ut
pu

t 
C

ur
re

nt
 [m

A
]

- 40°C
25°C
85°C

GPIO_Px_CTRL DRIVEMODE = HIGH



...the world's most energy friendly microcontrollers

2015-12-04 - EFM32HG110FXX - d0292_Rev1.00 26 www.silabs.com

Figure 3.19. Typical High-Level Output Current, 3.8V Supply Voltage
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3.9.3 LFRCO

Table 3.10. LFRCO

Symbol Parameter Condition Min Typ Max Unit

fLFRCO Oscillation frequen-
cy , VDD= 3.0 V,
TAMB=25°C

 31.3 32.768 34.3 kHz

tLFRCO Startup time not in-
cluding software
calibration

  150  µs

ILFRCO Current consump-
tion

  361 492 nA

TUNESTEPL-
FRCO

Frequency step
for LSB change in
TUNING value

  202  Hz

Figure 3.20.  Calibrated LFRCO Frequency vs Temperature and Supply Voltage
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Figure 3.22.  Calibrated HFRCO 7 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.23.  Calibrated HFRCO 11 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.24.  Calibrated HFRCO 14 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.25.  Calibrated HFRCO 21 MHz Band Frequency vs Supply Voltage and Temperature
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3.9.5 AUXHFRCO

Table 3.12. AUXHFRCO

Symbol Parameter Condition Min Typ Max Unit

21 MHz frequency band 20.37 21.0 21.63 MHz

14 MHz frequency band 13.58 14.0 14.42 MHz

11 MHz frequency band 10.67 11.0 11.33 MHz

7 MHz frequency band 6.40 6.60 6.80 MHz

fAUXHFRCO

Oscillation frequen-
cy, VDD= 3.0 V,
TAMB=25°C

1 MHz frequency band 1.15 1.20 1.25 MHz

tAUXHFRCO_settlingSettling time after
start-up

fAUXHFRCO = 14 MHz  0.6  Cycles

21 MHz frequency band  52.8  kHz

14 MHz frequency band  36.9  kHz

11 MHz frequency band  30.1  kHz

7 MHz frequency band  18.0  kHz

TUNESTEPAUX-
HFRCO

Frequency step
for LSB change in
TUNING value

1 MHz frequency band  3.4  kHz
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3.10.1 Typical performance
Figure 3.28.  ADC Frequency Spectrum, Vdd = 3V, Temp = 25°C
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VDD Reference



...the world's most energy friendly microcontrollers

2015-12-04 - EFM32HG110FXX - d0292_Rev1.00 42 www.silabs.com

Figure 3.33.  ADC Temperature sensor readout
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3.11 Current Digital Analog Converter (IDAC)
Table 3.16. IDAC Range 0 Source

Symbol Parameter Condition Min Typ Max Unit

EM0, default settings  13.0  µA
IIDAC

Active current with
STEPSEL=0x10 Duty-cycled  10  nA

I0x10 Nominal IDAC out-
put current with
STEPSEL=0x10

  0.85  µA

ISTEP Step size   0.05  µA

ID Current drop at high
impedance load

VIDAC_OUT = VDD - 100mV  0.79  %

TCIDAC Temperature coeffi-
cient

VDD = 3.0V, STEPSEL=0x10  0.3  nA/°C

VCIDAC Voltage coefficient T = 25 °C, STEPSEL=0x10  11.7  nA/V

Table 3.17. IDAC Range 0 Sink

Symbol Parameter Condition Min Typ Max Unit

IIDAC Active current with
STEPSEL=0x10

EM0, default settings  15.1  µA

I0x10 Nominal IDAC out-
put current with
STEPSEL=0x10

  0.85  µA

ISTEP Step size   0.05  µA

ID Current drop at high
impedance load

VIDAC_OUT = 200 mV  0.30  %

TCIDAC Temperature coeffi-
cient

VDD = 3.0 V, STEPSEL=0x10  0.2  nA/°C

VCIDAC Voltage coefficient T = 25 °C, STEPSEL=0x10  12.5  nA/V
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Figure 3.34. IDAC Source Current as a function of voltage on IDAC_OUT
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Figure 5.3. QFN24 PCB Stencil Design

e
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d
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b

x y
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Table 5.3. QFN24 PCB Stencil Design Dimensions (Dimensions in mm)

Symbol Dim. (mm) Symbol Dim. (mm)

a 0.60 e 5.00

b 0.25 x 1.00

c 0.65 y 1.00

d 5.00 z 0.50

1. The drawings are not to scale.
2. All dimensions are in millimeters.
3. All drawings are subject to change without notice.
4. The PCB Land Pattern drawing is in compliance with IPC-7351B.
5. Stencil thickness 0.125 mm.
6. For detailed pin-positioning, see Figure 4.2 (p. 56) .

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

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 1.00

December 4th, 2015

Updated all specs with results of full characterization.

Updated part number to revision B.

7.2 Revision 0.91
May 6th, 2015

Updated current consumption table for energy modes.

Updated GPIO max leakage current.

Updated startup time for HFXO and LFXO.

Updated current consumption for HFRCO and LFRCO.

Updated ADC current consumption.

Updated IDAC characteristics tables.

Updated ACMP internal resistance.

Updated VCMP current consumption.

7.3 Revision 0.90
March 16th, 2015

Note
This datasheet revision applies to a product under development. It’s characteristics and
specifications are subject to change without notice.

Corrected EM2 current consumption condition in Electrical Characteristics section.

Updated GPIO electrical characteristics.

Updated Max ESRHFXO value for Crystal Frequency of 25 MHz.

Updated LFRCO plots.

Updated HFRCO table and plots.

Updated ADC table and temp sensor plot.

Added DMA current in Digital Peripherals section.

Updated block diagram.

Updated Package dimensions table.

Corrected leadframe type to matte-Sn.
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7.4 Revision 0.20
December 11th, 2014

Preliminary Release.


