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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®-M0+

32-Bit Single-Core

25MHz

I2C, IrDA, SmartCard, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
22

32KB (32K x 8)

FLASH

8K x 8

1.98V ~ 3.8V

A/D 4x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

32-VQFN Exposed Pad

32-QFN (6x6)
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...the world's most energy friendly microcontrollers

24 MHz HFXO, all peripheral 64 68 | A/
clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
24 MHz HFXO, all peripheral 67 71| uA/
clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
24 MHz USHFRCO, all periph- 85 91 | A/
eral clocks disabled, Vpp= 3.0 MHz
V, TAMB=25°C
24 MHz USHFRCO, all periph- 86 92 | pA/
eral clocks disabled, Vpp= 3.0 MHz
V, TAMB=85°C
24 MHz HFRCO, all peripher- 51 55 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
24 MHz HFRCO, all peripher- 52 56 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
21 MHz HFRCO, all peripher- 53 57 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
21 MHz HFRCO, all peripher- 54 58 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C

lem1 EM1 current
14 MHz HFRCO, all peripher- 56 59 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
14 MHz HFRCO, all peripher- 57 61 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
11 MHz HFRCO, all peripher- 58 61 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
11 MHz HFRCO, all peripher- 59 63 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
6.6 MHz HFRCO, all peripher- 64 68 | A/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
6.6 MHz HFRCO, all peripher- 67 71 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
1.2 MHz HFRCO. all peripher- 106 114 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=25°C
1.2 MHz HFRCO. all peripher- 114 126 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB=85°C
EM2 current with RTC 0.9 1.35 | pA
prescaled to 1 Hz, 32.768

lem2 EM2 current kHz LFRCO, Vpp= 3.0V,
TAMB=25°C
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EM2 current with RTC 1.6 3.50 | A
prescaled to 1 Hz, 32.768
kHz LFRCO, Vpp=3.0V,
TAMB=85°C

EM3 current (ULFRCO en- 0.6 0.90 | pA
abled, LFRCO/LFXO disabled),
VDD= 3.0 V, TAMB=25°C

lem3 EMS3 current
EM3 current (ULFRCO en- 1.2 2.65 | pA
abled, LFRCO/LFXO disabled),
VDD= 3.0V, TAMB=85°C
VDD= 3.0V, TAMB=25°C 0.02 0.035 }JA
lEMa4 EM4 current
VDD= 3.0V, TAMB=85°C 0.18 0.480 UA

3.4.1 EMO Current Consumption

Figure 3.1. EMO0 Current consumption while executing prime number calculation code from flash
with HFRCO running at 24 MHz
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Figure 3.2. EMO0 Current consumption while executing prime number calculation code from flash
with HFRCO running at 21 MHz
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Figure 3.3. EMO0 Current consumption while executing prime number calculation code from flash

with HFRCO running at 14 MHz
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Figure 3.4. EMO0 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
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Figure 3.8. EM1 Current consumption with all peripheral clocks disabled and HFRCO running

at 14 MHz
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3.4.3 EM2 Current Consumption

Figure 3.11. EM2 current consumption. RTC prescaled to 1kHz, 32.768 kHz LFRCO.
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3.4.4 EM3 Current Consumption

Figure 3.12. EM3 current consumption.

— Vdd=1.98V
1.2 . - E 1.2H — vdd=3.0v .
— Vdd=3.8V

11} - ! .

-45°C
0.9}
25°C
60°C 1
95t /

0.7} ]

Idd (pA)

0.8

Idd (pA)

05f : I .

0.4 | | | | 0.4 | | | | | | |
2.0 2.5 3.0 3.5 4.0 -40 -20 0 20 40 60 80

vdd (V) Temperature (°C)

2015-12-04 - EFM32HG310FXX - d0297_Rev1.00 www.silabs.com




...the world's most energy friendly microcontrollers

Figure 3.16. Typical Low-Level Output Current, 3V Supply Voltage
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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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3.9.3LFRCO

Table 3.10. LFRCO

Parameter Condition

fLFrRCO Oscillation frequen- 31.3 32.768 34.3 | kHz
cy,Vpp=3.0V,
TAMB=25°C

tLFrCO Startup time not in- 150 us
cluding software
calibration

lLFrRCO Current consump- 361 492 | nA
tion

TUNESTEP,. | Frequency step 202 Hz
FRCO for LSB change in
TUNING value

Figure 3.20. Calibrated LFRCO Frequency vs Temperature and Supply Voltage

42 T T T T T T T T 42

40PN

sof- e e e e =
38 38F T S
N ~
I I
= < 20V
g 36 g 36 ; R : e — 3.0VH
=] 3 : : ! ! — 38V
158 o
o @
[ IS

w
N

32

I I I
.0 22 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 —40 -15 5 25 45 65 85
Vdd [V] Temperature [°C]

£ IR S S S S S S N e B

2-04 - EFM32HG310FXX - d0297_Rev1.00 www.silabs.com




...the world's most energy friendly microcontrollers

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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3.9.6 USHFRCO

Table 3.13. USHFRCO

Parameter

Condition

No Clock Recovery, Full Tem- 47.10 48.00 48.90 | MHz
perature and Supply Range, 48
MHz band
No Clock Recovery, Full Tem- 23.73 24.00 24.32 | MHz
perature and Supply Range, 24
MHz band
fUSHFRCO COSC'"at'O” frequen- ' \5 Clock Recovery, 25°C, 47.50 48.00 48.50 | MHz
y 3.3V, 48 MHz band
No Clock Recovery, 25°C, 23.86 24.00 24.16 | MHz
3.3V, 24 MHz band
USB Active with Clock Recov- 47.88 48.00 48.12 | MHz
ery, Full Temperature and Sup-
ply Range
TCysHFRCO Temperature coeffi- | 3.3V 0.0175 %/°C
cient
VCysHFRCO Supply voltage co- | 25°C 0.0045 %IV
efficient
Current consump- fUSHFRCO =48 MHz 1.21 1.36 1.48 | mA
lusHFrcO tion
fUSHFRCO =24 MHz 0.81 0.92 1.02 | mA

3.9.7 ULFRCO

Table 3.14. ULFRCO

Parameter

Condition

fuLFrRcO Oscillation frequen- | 25°C, 3V 0.70 1.75 | kHz
cy

TCuLFrCO Temperature coeffi- 0.05 %/°C
cient

VCyLErcO Supply voltage co- -18.2 %IV
efficient

3.10 Analog Digital Converter (ADC)

Table 3.15. ADC

Parameter

Condition

Symbol

VaDpcIN

Input voltage range

Single ended

Vrer | V

Differential

-VRer/2

VRrer/2 | V

V ADCREFIN

Input range of exter-
nal reference volt-
age, single ended
and differential

1.25

VADCREFIN_CH7

Input range of ex-
ternal negative ref-
erence voltage on
channel 7

See VapcREFIN

Vop-1.1 |V

2015-12-04 - EFM32HG310FXX - d0297_Rev1.00
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1 MSamples/s, 12 bit, single 62 dB
ended, internal 2.5V reference
1 MSamples/s, 12 bit, single 64 dB
ended, Vpp reference
1 MSamples/s, 12 bit, differen- 60 dB
tial, internal 1.25V reference
1 MSamples/s, 12 bit, differen- 64 dB
tial, internal 2.5V reference
1 MSamples/s, 12 bit, differen- 54 dB
tial, 5V reference
1 MSamples/s, 12 bit, differen- 66 dB
tial, Vpp reference
1 MSamples/s, 12 bit, differen- 68 dB
tial, 2xVpp reference
200 kSamples/s, 12 bit, sin- 61 dB
gle ended, internal 1.25V refer-
ence
200 kSamples/s, 12 bit, single 65 dB
ended, internal 2.5V reference
200 kSamples/s, 12 bit, single 66 dB
ended, Vpp reference
200 kSamples/s, 12 bit, differ- 63 dB
ential, internal 1.25V reference
200 kSamples/s, 12 bit, differ- 66 dB
ential, internal 2.5V reference
200 kSamples/s, 12 bit, differ- 66 dB
ential, 5V reference
200 kSamples/s, 12 bit, differ- 62 66 dB
ential, Vpp reference
200 kSamples/s, 12 bit, differ- 69 dB
ential, 2xVpp reference
1 MSamples/s, 12 bit, single 64 dBc
ended, internal 1.25V refer-
ence
1 MSamples/s, 12 bit, single 76 dBc
ended, internal 2.5V reference
1 MSamples/s, 12 bit, single 73 dBc
ended, Vpp reference
Spurious-Free Dy 1 MSamples/s, 12 bit, differen- 66 dBc
3 ) tial, int |1 1.25V refi
SFDRpc namic Range (SF- ial, interna reference
DR) 1 MSamples/s, 12 bit, differen- 77 dBc

tial, internal 2.5V reference

1 MSamples/s, 12 bit, differen- 76 dBc
tial, Vpp reference

1 MSamples/s, 12 bit, differen- 75 dBc
tial, 2xVpp reference

1 MSamples/s, 12 bit, differen- 69 dBc
tial, 5V reference
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Figure 3.29. ADC Integral Linearity Error vs Code, Vdd = 3V, Temp = 25°C
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Symbol Parameter Condition Min Typ Unit ‘

lox10 Nominal IDAC out- 8.5 A
put current with
STEPSEL=0x10

IsTEP Step size 0.5 HA

Ip Current drop at high | Vipac_out =200 mV 0.62 %
impedance load

TCipac Temperature coeffi- | Vpp = 3.0 V, STEPSEL=0x10 2.8 nA/°C
cient

VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 94 .4 nA/NV

Table 3.22. IDAC Range 3 Source

Parameter Condition
| Active current with EMO, default settings 18.7 HA
IDAC -
STEPSEL=0x10 Duty-cycled 10 nA
lox10 Nominal IDAC out- 33.9 pA
put current with
STEPSEL=0x10
IsTEP Step size 2.0 A
Ip Current drop at high | Vipac_out = Vpp - 100 mV 3.54 %
impedance load
TCipac Temperature coeffi- | Vpp = 3.0 V, STEPSEL=0x10 10.9 nA/°C
cient
VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 159.5 nA/N
Table 3.23. IDAC Range 3 Sink
Symbol Parameter Condition Min Typ Unit ‘
lipac Active current with EMO, default settings 62.5 WA
STEPSEL=0x10
lox10 Nominal IDAC out- 34.1 A
put current with
STEPSEL=0x10
IsTEP Step size 2.0 HA
Ip Current drop at high | Vipac_out = 200 mV 1.75 %
impedance load
TCipac Temperature coeffi- | Vpp = 3.0 V, STEPSEL=0x10 10.9 nA/°C
cient
VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 148.6 nA/N

Table 3.24. IDAC

Parameter

tiDACSTART Start-up time, from enabled to output settled 40 us

www.silabs.com
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Figure 3.34. IDAC Source Current as a function of voltage on IDAC_OUT
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Figure 3.35. IDAC Sink Current as a function of voltage from IDAC_OUT
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Figure 3.36. IDAC linearity
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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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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 EFM32HG310.

4.1 Pinout

The EFM32HG310 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. EFM32HG310 Pinout (top view, not to scale)

PE10
I0VDD_5

Pin 1 index
o L o) ()] (o] ~ [(e) n \
m m m o o o o o
PAO | 1 24 I PC15
PA1 | 2 23 I PC14
PA2 | 3 22 I USB_VREGO
I0VDD 0 | 4 Ban 21 I USB_VREGI
PCO | 5 VSS 20 I DECOUPLE
PC1 | 6 19 I VDD DREG
PB7 | 7 18 I PD7
PBS 8 17 PD6
o g =t I T
{=s — (o] m <t m (o) n
— — [ — | =)
W oo A O m o A o
m o g o o g g
o < 8 <<

Table 4.1. Device Pinout

QFN32 Pin# Pin Alternate Functionality / Description
and Name

3+ Pin Name Timers Communication
(=
e
0 VSS Ground.
TIMO_CC1 #6 Uiqu'\R"; 24#0 PRS_CHO #0
1 PAO TIMO_CCO #0/1/4 Nt PRS_CH3 #3
PCNTO_SOIN #4 12C0. SO 40 GPIO_EM4WUO
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Alternate LOCATION

Functionality p 3 Description

USART1 Asynchronous Transmit.Also used as receive in-
put in half duplex communication.

US1_TX PCO PD7 PD7 PF2 PC1
USART1 Synchronous mode Master Output / Slave Input
(MOSI).

UsSB_DM PC14 USB D- pin.

USB_DMPU PAO USB D- Pullup control.

USB_DP PC15 USB D+ pin.

USB_VREGI USB_VREGI USB Input to internal 3.3 V regulator

USB VREGO USB VREGO USB Decoupling for internal 3.3 V USB regulator and reg-

- - ulator output

4.3 GPIO Pinout Overview

The specific GPIO pins available in EFM32HG310 is shown in Table 4.3 (p. 56) . Each GPIO port is
organized as 16-bit ports indicated by letters A through F, and the individual pin on this port is indicated
by a number from 15 down to 0.

Table 4.3. GPIO Pinout

Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin

15 14 13 12 1 10 p
Port A - - - - - - - - - - - - - PA2 | PA1 | PAO
Port B - |PB14| PB13 | - | PB11 | - - PB8 | PB7 - - - - - - -
Port C PC15 |PC14| - - . . . . - - B . . . pc1 | Pco
Port D - - - - - - - - PD7 | PD6 | PD5 - - - - -
Port E - - | PE13 |PE12| PE11 |PE10| - - - - - - - - - -
Port F - - - - - - - - - - - - - PF2 | PF1 | PFO
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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.
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