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2.1.12 Pre-Programmed UART Bootloader

The bootloader presented in application note AN0O0O3 is pre-programmed in the device at factory. Auto-
baud and destructive write are supported. The autobaud feature, interface and commands are described
further in the application note.

2.1.13 Low Energy Universal Asynchronous Receiver/Transmitter
(LEUART)

The unique LEUARTTM, the Low Energy UART, is a UART that allows two-way UART communication on
a strict power budget. Only a 32.768 kHz clock is needed to allow UART communication up to 9600 baud/
s. The LEUART includes all necessary hardware support to make asynchronous serial communication
possible with minimum of software intervention and energy consumption.

2.1.14 Timer/Counter (TIMER)

The 16-bit general purpose Timer has 3 compare/capture channels for input capture and compare/Pulse-
Width Modulation (PWM) output. TIMERO also includes a Dead-Time Insertion module suitable for motor
control applications.

2.1.15 Real Time Counter (RTC)

The Real Time Counter (RTC) contains a 24-bit counter and is clocked either by a 32.768 kHz crystal
oscillator, or a 32.768 kHz RC oscillator. In addition to energy modes EMO and EM1, the RTC is also
available in EM2. This makes it ideal for keeping track of time since the RTC is enabled in EM2 where
most of the device is powered down.

2.1.16 Pulse Counter (PCNT)

The Pulse Counter (PCNT) can be used for counting pulses on a single input or to decode quadrature
encoded inputs. It runs off either the internal LFACLK or the PCNTn_SOIN pin as external clock source.
The module may operate in energy mode EMO - EM3.

2.1.17 Analog Comparator (ACMP)

The Analog Comparator is used to compare the voltage of two analog inputs, with a digital output indi-
cating which input voltage is higher. Inputs can either be one of the selectable internal references or from
external pins. Response time and thereby also the current consumption can be configured by altering
the current supply to the comparator.

2.1.18 Voltage Comparator (VCMP)

The Voltage Supply Comparator is used to monitor the supply voltage from software. An interrupt can
be generated when the supply falls below or rises above a programmable threshold. Response time and
thereby also the current consumption can be configured by altering the current supply to the comparator.

2.1.19 Analog to Digital Converter (ADC)

The ADC is a Successive Approximation Register (SAR) architecture, with a resolution of up to 12 bits
at up to one million samples per second. The integrated input mux can select inputs from 2 external
pins and 6 internal signals.

2.1.20 Current Digital to Analog Converter (IDAC)

The current digital to analog converter can source or sink a configurable constant current, which can
be output on, or sinked from pin or ADC. The current is configurable with several ranges of various
step sizes.
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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

Cortex-MO+ 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_OUTO, CMU_OUT1
WDOG Full configuration NA

PRS Full configuration NA

12C0 Full configuration 12C0_SDA, 12C0_SCL
USARTO Full configuration with IrDA and 12S USO0_TX, USO_RX. USO0_CLK, US0_CS
USART1 Full configuration with 12S and IrDA US1_TX, US1_RX, US1_CLK, US1_CS
LEUARTO Full configuration LEUO_TX, LEUO_RX

TIMERO Full configuration with DTI TIMO_CCJ2:0], TIMO_CDTI[2:0]
TIMER1 Full configuration TIM1_CCJ2:0]

TIMER2 Full configuration TIM2_CCJ2:0]

RTC Full configuration NA

PCNTO Full configuration, 16-bit count register | PCNTO_S[1:0]

ACMPO Full configuration ACMPO_CH][1:0], ACMPO_O
VCMP Full configuration NA

ADCO Full configuration ADCO_CH([7:6]
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IDACO Full configuration IDACO_OUT
AES Full configuration NA
GPIO 17 pins Available pins are shown in

Table 4.3 (p. 56)

2.3 Memory Map

The EFM32HG110 memory map is shown in Figure 2.2 (p. 7), with RAM and Flash sizes for the
largest memory configuration.

Figure 2.2. EFM32HG110 Memory Map with largest RAM and Flash sizes

\ OxTTTTrTe
0x400e0400 AES
0x400e0000 A T 0x10e01000
0x400cc400 RS ) 0xf1000000 EFM3Z ROM Table Oxfo100900
0x400cc000 OXTOTTITfT . . 0xf0041000
0x400ca400 \ 0xf0040000
RMY Device 0xf0000000
0x400ca000
0x400c8400 = \ 9x70000000
0x400c8000 \ Oxefffffff 0xe0100000
0x400c6400 =T _ CM0+ ROM Table
0x400c6000 ~ 0xe00ff000
0x400c4000 \ 0x€01660881) ~ 0xe000f000
DMA 0xe00fffff
0x400c2000 \ System Control Space
0x400c0400 = CMO+ Peripherals 0xe000€000
0x400c0000 0xe0000000 0xe0003000
0x40088400 IS \ OxdTTTITTr BPU
0x40088000 \ < 0x€0002000
~ pDwT
0x40086400 oo / 0xe0001000
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~
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x TEURRTS OxA0TFTTTT
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0x40080400 S
0x40080000 0x40000000 0x10002000
0x40010c00 OX3TITTTTT
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0x4000c000 9x20000000 0x0fe04400
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0x40002000
0x40007000 0x0fe00400
GPIO
0x40006000 / User Data
0x40004400 AT 0x0fe00000
0x40004000 f Code 000010000
0x40002400
ADCO /
0x40002000
Flash (64 kB)
0x40001400 0 / (main block)
0x40001000
0x40000400
VCMP
0x40000000 0x00000000 - - / 0x00000000
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Figure 3.9. EM1 Current consumption with all peripheral clocks disabled and HFRCO running

at 11 MHz
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Figure 3.10. EM1 Current consumption with all peripheral clocks disabled and HFRCO running

at 6.6 MHz
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Figure 3.18. Typical Low-Level Output Current, 3.8V Supply Voltage
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Figure 3.19. Typical High-Level Output Current, 3.8V Supply Voltage
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3.9.4 HFRCO
Table 3.11. HFRCO
24 MHz frequency band 23.28 24.0 24.72 | MHz
21 MHz frequency band 20.37 21.0 21.63 | MHz
Oscillation frequen- | 14 MHz frequency band 13.58 14.0 14.42 | MHz
fHFrRco cy, Vpp= 3.0V,
Tave=25°C 11 MHz frequency band 10.67 11.0 11.33 | MHz
7 MHz frequency band 6.40 6.60 6.80 | MHz
1 MHz frequency band 1.15 1.20 1.25 | MHz
tHFRCO_setting | Settling time after furrco = 14 MHz 0.6 Cycles
start-up
fHFRCO =24 MHz 158 184 }JA
fHFRCO =21 MHz 143 175 UA
Current consump- furrco = 14 MHz 113 140 | pA
IFrCO tion
fHFRCO =11 MHz 101 125 UA
furrco = 6.6 MHz 84 105 | A
fHFRCO =1.2 MHz 27 40 }JA
24 MHz frequency band 66.8' kHz
21 MHz frequency band 52.8" kHz
1
TUNESTEP,,. Frequency step 14 MHz frequency band 36.9 kHz
for LSB change in ]
FRCO TUNING value 11 MHz frequency band 30.1 kHz
7 MHz frequency band 18.0" kHz
1 MHz frequency band 3.4 kHz

"The TUNING field in the CMU_HFRCOCTRL register may be used to adjust the HFRCO frequency. There is enough adjustment
range to ensure that the frequency bands above 7 MHz will always have some overlap across supply voltage and temperature. By
using a stable frequency reference such as the LFXO or HFXO, a firmware calibration routine can vary the TUNING bits and the
frequency band to maintain the HFRCO frequency at any arbitrary value between 7 MHz and 21 MHz across operating conditions.

Figure 3.21. Calibrated HFRCO 1 MHz Band Frequency vs Supply Voltage and Temperature
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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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VADCCMIN Common mode in- 0 VDD \%
put range
IADCIN Input current 2pF sampling capacitors <100 nA
CMRRppc Analog input com- 65 dB
mon mode rejection
ratio
1 MSamples/s, 12 bit, external 392 510 | pA
reference
10 kSamples/s 12 bit, internal 67 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00
10 kSamples/s 12 bit, internal 63 MA
1.25 V reference, WARMUP-
| Average active cur- | MODE in ADCn_CTRL set to
ADC rent 0b01
10 kSamples/s 12 bit, internal 64 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b10
10 kSamples/s 12 bit, internal 244 MA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
Ob11
IADCREF Current consump- Internal voltage reference 65 MA
tion of internal volt-
age reference
Capcin Input capacitance 2 pF
Rapcin Input ON resistance 1 MOhm
RapcriLT Input RC filter resis- 10 kOhm
tance
CADCFILT Input RC filter/de- 250 fF
coupling capaci-
tance
fADCCLK ADC Clock Fre- 13 | MHz
quency
6 bit 7 ADC-
CLK
Cycles
8 bit 11 ADC-
tabccony Conversion time CLK
Cycles
12 bit 13 ADC-
CLK
Cycles
tabcaca Acquisition time Programmable 1 256 | ADC-
CLK
Cycles
tADCACQVDDS Required acquisi- 2 us
tion time for VDD/3
reference
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200 kSamples/s, 12 bit, single 76 dBc
ended, Vpp reference
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 bit, differ- 78 dBc
ential, 5V reference
200 kSamples/s, 12 bit, differ- 68 79 dBc
ential, Vpp reference
200 kSamples/s, 12 bit, differ- 79 dBc
ential, 2xVpp reference
After calibration, single ended -4 0.3 4| mVv
V ADCOFFSET Offset voltage
After calibration, differential 0.3 mV
-1.92 mV/°C
Thermometer out-
-6.3 ADC
TGRADApcTH put gradient Codes/
°C
DNLapc Differential non-lin- | Vpp= 3.0V, external 2.5V ref- -1 +0.7 4 | LSB
earity (DNL) erence
INLaDC Integral non-linear- +1.6 +3 | LSB
ity (INL), End point
method
MCapc No missing codes 11.999" 12 bits
Internal 1.25V, Vpp = 3V, 25°C 1.248 1.254 1.262 |V
Internal 1.25V, Full tempera- 1.188 1.254 1.302 |V
ADC Internal Volt- | ture and supply range
VREFanc age Reference
g Internal 2.5V, Vpp = 3V, 25°C 2.492 2.506 2520 |V
Internal 2.5V, Full temperature 2.402 2.506 2.600 |V

and supply range

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.

The integral non-linearity (INL) and differential non-linearity parameters are explained in Figure 3.26 (p.
37) and Figure 3.27 (p. 37) , respectively.
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Figure 3.34. IDAC Source Current as a function of voltage on IDAC_OUT
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3.13 Voltage Comparator (VCMP)

Table 3.26. VCMP

VvemPIN Input voltage range Vb \Y,
VVCMPCM VCMP Common VDD \%
Mode voltage range
BIASPROG=0b0000 and 0.2 0.8 | pA
HALFBIAS=1 in VCMPn_CTRL
register
lvemp Active current
BIASPROG=0b1111 and 22 35| A
HALFBIAS=0 in VCMPn_CTRL
register. LPREF=0.
tvcMPREF Startup time refer- NORMAL 10 us
ence generator
Single ended 10 mV
VVCMPOFFSET Offset voltage
Differential 10 mV
VvCeMPHYST VCMP hysteresis 17 mV
tveMPSTART Startup time 10 us

The Vpp trigger level can be configured by setting the TRIGLEVEL field of the VCMP_CTRL register in
accordance with the following equation:

VCMP Trigger Level as a Function of Level Setting
VDD Trigger Level=1.667V+0.034 xTRIGLEVEL (3.2)

3.14 12C

Table 3.27. 12C Standard-mode (Sm)

fscL SCL clock frequency 0 100" | kHz
tLow SCL clock low time 4.7 us
thigH SCL clock high time 4.0 us
tsu.paT SDA set-up time 250 ns
tHD, DAT SDA hold time 8 34502 | ns
tsu,sTA Repeated START condition set-up time 4.7 us
thp,sTA (Repeated) START condition hold time 4.0 us
tsu.sTo STOP condition set-up time 4.0 us
tsur Bus free time between a STOP and START condition 4.7 us

"For the minimum HFPERCLK frequency required in Standard-mode, see the 12C chapter in the EFM32HG Reference Manual.
2The maximum SDA hold time (tup,paT) Needs to be met only when the device does not stretch the low time of SCL (t_ow).
3When transmitting data, this number is guaranteed only when 12Cn_CLKDIV < ((3450*10'g [s] * furPERCLK [HZ]) - 5).
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Table 3.28. 12C Fast-mode (Fm)

fscL SCL clock frequency 0 400" | kHz
tLow SCL clock low time 1.3 us
tHiGH SCL clock high time 0.6 us
tsu,paT SDA set-up time 100 ns
tHD,DAT SDA hold time 8 900%° | ns
tsu,sTA Repeated START condition set-up time 0.6 us
tHD,STA (Repeated) START condition hold time 0.6 us
tsu.sto STOP condition set-up time 0.6 us
tsur Bus free time between a STOP and START condition 1.3 us

"For the minimum HFPERCLK frequency required in Fast-mode, see the 12C chapter in the EFM32HG Reference Manual.
2The maximum SDA hold time (tup,paT) Needs to be met only when the device does not stretch the low time of SCL (t_ow).
*When transmitting data, this number is guaranteed only when 12Cn_CLKDIV < ((900*10'9 [s] * furPeERCLK [HZ]) - 5).

Table 3.29. 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
tHp, pAT 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 us
tsur Bus free time between a STOP and START condition 0.5 us

"For the minimum HFPERCLK frequency required in Fast-mode Plus, see the 12C chapter in the EFM32HG Reference Manual.

3.15 Digital Peripherals

Table 3.30. Digital Peripherals

lUSART USART current USART idle current, clock en- 7.5 MA/
abled MHz
lioc 12C current 12C idle current, clock enabled 6.25 HA/
MHz
ITIMER TIMER current TIMER_O0 idle current, clock 8.75 MA/
enabled MHz
lpeNT PCNT current PCNT idle current, clock en- 100 nA
abled
IrRTC RTC current RTC idle current, clock enabled 100 nA
IaES AES current AES idle current, clock enabled 25 MA/
MHz
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4 Pinout and Package

Note
Please refer to the application note "AN0O002 EFM32 Hardware Design Considerations" for
guidelines on designing Printed Circuit Boards (PCB's) for the EFM32HG110.

4.1 Pinout

The EFM32HG110 pinout is shown in Figure 4.1 (p. 52) and Table 4.1 (p. 52). 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. EFM32HG110 Pinout (top view, not to scale)

n
DI
m N a
— — > o — (o]
w Ll o [N (1 [T
Pin 1 index a o H a a o
< m N — (o) o
o o oN o o —
PAO | 1 18 | PC15
I0VDD 0O 2 17 PC14
PCO 3 . 16 DECOUPLE
| Pin 0 |
PC1 4 B 15 VDD _DREG
PB7 | 5 14 | PD7
PB8 6 13 PD6

RESETn

Table 4.1. Device Pinout

QFN24 Pin# Pin Alternate Functionality / Description
and Name

3+ Pin Name Timers Communication
c
=
0 VSS Ground.
TIMO_CC1 #6 US1_RX #4 PRS_CHO #0
1 PAO TIMO_CCO #0/1/4 LEUO_RX #4 PRS_CH3 #3
PCNTO_SOIN #4 12C0_SDA #0 GPIO_EM4WUO
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Table 4.4. QFN24 (Dimensions in mm)

aaa bbb ccc ddd eee

Min 0.80 | 0.00
Nom 0.85 -
Max 0.90 | 0.05

0.203
REF

0.25

0.30

0.35

3.50

3.50

0.35

0.00

3.60

3.60

0.65
BSC

0.40

0.10| 0.10 0.10‘ 0.05 | 0.08

3.70

3.70

0.45

0.10

The QFN24 package uses matte-Sn post plated leadframe.

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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5 PCB Layout and Soldering
5.1 Recommended PCB Layout

Figure 5.1. QFN24 PCB Land Pattern

a
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c = |
e e
| (1; -

Pin number Pin number
a 0.80 P1 1 P8 24
b 0.30 P2 6 P9 25
c 0.65 P3 7 - -
d 5.00 P4 12 - -
e 5.00 P5 13 - -
f 3.60 P6 18 - -
g 3.60 P7 19 - -
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Figure 5.3. QFN24 PCB Stencil Design
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d
Table 5.3. QFN24 PCB Stencil Design Dimensions (Dimensions in 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

. 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 4.2 (p. 56) .

OO~ WOWN =

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 ESRygxo 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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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-
quences 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.

2015-12-04 - EFM32HG110FXX - d0292_Rev1.00 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




