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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 EFM32TG.
2.1.6 Energy Management Unit (EMU)

The Energy Management Unit (EMU) manage all the low energy modes (EM) in EFM32TG 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 EFM32TG. 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 Inter-Integrated Circuit Interface (12C)

The 1°C module provides an interface between the MCU and a serial 1°C-bus. It is capable of acting as
both a master and a slave, and supports multi-master buses. Both standard-mode, fast-mode and fast-
mode plus speeds are supported, allowing transmission rates all the way from 10 kbit/s up to 1 Mbit/s.
Slave arbitration and timeouts are also provided to allow implementation of an SMBus compliant system.
The interface provided to software by the 1°C module, allows both fine-grained control of the transmission
process and close to automatic transfers. Automatic recognition of slave addresses is provided in all
energy modes.
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3 Electrical Characteristics

3.1 Test Conditions

3.1.1 Typical Values

The typical data are based on Tayg=25°C and Vpp=3.0 V, as defined in Table 3.2 (p. 9), by simu-
lation and/or technology characterisation 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. 9), by simulation and/or technology characterisa-
tion 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. 9) may affect the device reliability
or cause permanent damage to the device. Functional operating conditions are given in Table 3.2 (p.
9).

Table 3.1. Absolute Maximum Ratings

Tsto Storage tempera- -40 150! | °C
ture range

Ts Maximum soldering | Latest IPC/JEDEC J-STD-020 260 | °C
temperature Standard

VDDMAX External main sup- 0 38|V
ply voltage

ViorPIN V_oltage on any I/O -0.3 Vpp+0.3 | V
pin

'Based on programmed devices tested for 10000 hours at 150°C. 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

Tams Ambient temperature range -40 85| °C
Vbbop Operating supply voltage 1.98 38|V
fapB Internal APB clock frequency 32 | MHz
faHB Internal AHB clock frequency 32 | MHz
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Figure 3.1. EM2 current consumption. RTC prescaled to 1kHz, 32.768 kHz LFRCO.
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Figure 3.2. EM3 current consumption.
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Figure 3.3. EM4 current consumption.
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Figure 3.5. Typical High-Level Output Current, 2V Supply Voltage
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3.9.3LFRCO

Table 3.10. LFRCO

Parameter Condition
fLErRCO Oscillation frequen- 31.29 32.768 34.24 | kHz
cy, VDD: 3.0 V,
TAMB=25°C
tLFrRCO Startup time not in- 150 us
cluding software
calibration
ILERCO Current consump- 210 380 | nA
tion
TUNESTEP,. | Frequency step 15 %
FRCO for LSB change in
TUNING value
Figure 3.10. Calibrated LFRCO Frequency vs Temperature and Supply Voltage
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Table 3.11. HFRCO
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Symbol Parameter Condition
28 MHz frequency band 27.16 28.0 28.84 | 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
fuFrco cy, Vpp=3.0V,
Tame=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 1.16° 1.20° 1.24% | MHz
thHrrRCO_setting | Settling time after furrco = 14 MHz 0.6 Cycles
start-up
Current consump- | furrco = 28 MHz 160 190 | pA
IhERCO tion (Production test
condition = 14 MHz) | fHFrco = 21 MHz 125 155 | pA
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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 hit, differ- 66 dB
ential, 5V reference
200 kSamples/s, 12 bit, differ- 69 dB
ential, Vpp reference
200 kSamples/s, 12 hit, differ- 70 dB
ential, 2xVpp reference
1 MSamples/s, 12 bit, single 58 dB
ended, internal 1.25V refer-
ence
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

Slgnal-to-Noise tial, 2xVpp reference

SINADapc And Distortion-ratio

(SINAD) 200 kSamples/s, 12 bit, sin- 61 dB
gle ended, internal 1.25V refer-
ence
200 kSamples/s, 12 hit, single 65 dB
ended, internal 2.5V reference
200 kSamples/s, 12 bit, single 66 dB
ended, Vpp reference
200 kSamples/s, 12 hit, 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 68 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-
Spurious-Free Dy- ence
SFDRapc namic Range (SF-
DR) 1 MSamples/s, 12 bit, single 76 dBc

ended, internal 2.5V reference
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1 MSamples/s, 12 bit, single 73 dBc
ended, Vpp reference
1 MSamples/s, 12 bit, differen- 66 dBc
tial, internal 1.25V reference
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
200 kSamples/s, 12 bit, sin- 75 dBc
gle ended, internal 1.25V refer-
ence
200 kSamples/s, 12 bit, single 75 dBc
ended, internal 2.5V reference
200 kSamples/s, 12 bit, single 68 76 dBc
ended, Vpp reference
200 kSamples/s, 12 hit, 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- 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
INLapC Integral non-linear- | Vpp= 3.0V, external 2.5V ref- +1.2 +3 | LSB
ity (INL), End point | erence
method
MCapc No missing codes 11.999* 12 bits
1.25V reference 0.017 0.033% | %/°C
GAINEgp Gain error drift > 3
2.5V reference 0.01 0.03” | %/°C
1.25V reference 0.2 0.7° | LSB/°C
OFFSETgp Offset error drift > 3
2.5V reference 0.2 0.62” | LSB/°C

1on 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

www.Silabs.com
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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.

2Typical numbers given by abs(Mean) / (85 - 25).
3Max number given by (abs(Mean) + 3x stddev) / (85 - 25).

The integral non-linearity (INL) and differential non-linearity parameters are explained in Figure 3.17 (p.
30) and Figure 3.18 (p. 30) , respectively.

Figure 3.17. Integral Non-Linearity (INL)
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Figure 3.29. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS =0, HALFBIAS =1
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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 EFM32TG225.

4.1 Pinout

The EFM32TG225 pinout is shown in Figure 4.1 (p. 45) and Table 4.1 (p. 45). 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. EFM32TG225 Pinout (top view, not to scale)
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Table 4.1. Device Pinout

BGA48 Pin#
and Name

Pin Alternate Functionality / Description

Pin Name Timers Communication

USO_TX #3 LES_ALTEX7 #0
AL PE13 USO_CS #0 ACMPO_O #0
12CO_SCL #6 GPIO_EM4WUS5
USO_RX #3
A2 PE12 TIM1_CC2 #1 USO_CLK #0 L(I;héu,&f‘ll'_g)%ﬁ#jo
12C0O_SDA #6 !

www.silabs.com
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GPIO_EM4WUO PAO Pin can be used to wake the system up from EM4
GPIO_EM4WU2 PC9 Pin can be used to wake the system up from EM4
GPIO_EM4WU3 PF1 Pin can be used to wake the system up from EM4
GPIO_EM4WU4 PF2 Pin can be used to wake the system up from EM4
GPIO_EM4WU5 PE13 Pin can be used to wake the system up from EM4
HEXTAL_N PB14 ;i)gt;ir;r::;eg;iﬂc% p(ﬂ;y;ltsl negative pin. Also used as external
HFXTAL_P PB13 High Frequency Crystal positive pin.

12C0_SCL PAl PD7 PC1 PF1 PE13 12C0 Serial Clock Line input / output.

12C0_SDA PAO PD6 PCO PFO PE12 12C0 Serial Data input / output.

LES_ALTEXO PD6 LESENSE alternate exite output 0.

LES_ALTEX1 PD7 LESENSE alternate exite output 1.

LES_ALTEX5 PE11 LESENSE alternate exite output 5.

LES_ALTEX6 PE12 LESENSE alternate exite output 6.

LES_ALTEX7 PE13 LESENSE alternate exite output 7.

LES_CHO PCO LESENSE channel 0.

LES_CH1 PC1 LESENSE channel 1.

LES_CH2 PC2 LESENSE channel 2.

LES_CH3 PC3 LESENSE channel 3.

LES_CH4 PC4 LESENSE channel 4.

LES_CH8 PC8 LESENSE channel 8.

LES_CH9 PC9 LESENSE channel 9.

LES_CH10 PC10 LESENSE channel 10.

LES_CH11 PC11 LESENSE channel 11.

LES_CH13 PC13 LESENSE channel 13.

LES_CH14 PC14 LESENSE channel 14.

LES_CH15 PC15 LESENSE channel 15.

LETIMO_OUTO PD6 PB11 PFO PC4 Low Energy Timer LETIMO, output channel 0.
LETIMO_OUT1 PD7 PF1 Low Energy Timer LETIMO, output channel 1.

LEUO_RX PD5 PB14 PF1 PAO LEUARTO Receive input.

LEUO_TX PD4 PB13 PFO PE2 I&E;Qfgg;;iﬁg; g:.tput. Also used as receive input in half
LEXTALN | PE8 oo usedt a5 an opional extemal dock npucpin
LFXTAL_P PB7 Low Frequency Crystal (typically 32.768 kHz) positive pin.
PCNTO_SOIN PC13 PCO PD6 Pulse Counter PCNTO input number 0.

PCNTO_S1IN PC14 PC1 PD7 Pulse Counter PCNTO input number 1.

PRS_CHO PAO PF3 Peripheral Reflex System PRS, channel 0.

PRS_CH1 PAL PF4 Peripheral Reflex System PRS, channel 1.

PRS_CH2 PCO PF5 Peripheral Reflex System PRS, channel 2.

PRS_CH3 PC1 Peripheral Reflex System PRS, channel 3.

TIMO_CCO PAO PAO PAO PFO Timer 0 Capture Compare input / output channel 0.
TIMO_CC1 PA1 PAl PCO PF1 Timer 0 Capture Compare input / output channel 1.
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Alternate LOCATION

Functionality Description
TIMO_CC2 PA2 PA2 PC1 PF2 Timer 0 Capture Compare input / output channel 2.
TIM1_CCO PC13 PE10 PB7 PD6 Timer 1 Capture Compare input / output channel 0.
TIM1_CC1 PC14 PE11 PB8 PD7 Timer 1 Capture Compare input / output channel 1.
TIM1_CC2 PC15 PE12 PB11 PC13 Timer 1 Capture Compare input / output channel 2.
US0_CLK PE12 PC9 PC15 PB13 PB13 USARTO clock input / output.

USO_CS PE13 PC8 PC14 PB14 PB14 USARTO chip select input / output.

USARTO Asynchronous Receive.

US0_RX PE11 PC10 | PE12 PB8 PC1 USARTO Synchronous mode Master Input / Slave Output
(MISO).
USARTO Asynchronous Transmit.Also used as receive input
in half duplex communication.

USO0_TX PE10 PC11 PE13 PB7 PCO
USARTO Synchronous mode Master Output / Slave Input
(MoslI).

US1_CLK PB7 PFO USART1 clock input / output.

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

US1_RX PC1 PD6 USART1 Synchronous mode Master Input / Slave Output
(MISO).
USART1 Asynchronous Transmit.Also used as receive input
in half duplex communication.

US1_TX PCO PD7

USART1 Synchronous mode Master Output / Slave Input
(MOslI).

4.3 GPIO Pinout Overview

The specific GPIO pins available in EFM32TG225 is shown in Table 4.3 (p. 50). 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 O.

Table 4.3. GPIO Pinout

Pin | Pin Pin | Pin Pin  Pin Pin  Pin

15 14 13 12 10 9 6 5
Port A - - - - - PA1O | PA9 | PA8 - - - - - PA2 | PAlL PAO
Port B - PB14 | PB13 - PB11 - - PB8 | PB7 - - - - - -
Port C PC15 | PC14 | PC13 - PC11 |PC10| PC9 | PC8 - - - PC4 | PC3 | PC2 | PC1 | PCO
Port D - - - - - - - - PD7 | PD6 | PD5 | PD4 - - -
Port E - - PE13 | PE12 | PE11 | PE10 - - - - - - - - -
Port F - - - - - - - - - - PF5 | PF4 | PF3 | PF2 | PF1 PFO

4.4 Opamp Pinout Overview

The specific opamp terminals available in EFM32TG225 is shown in Figure 4.2 (p. 51) .
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The BGA48 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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7 Revision History
7.1 Revision 1.40

March 6th, 2015

Updated Block Diagram.

Updated Energy Modes current consumption.

Updated Power Management section.

Updated LFRCO and HFRCO sections.

Added AUXHFRCO to block diagram and Electrical Characteristics.

Corrected unit to kHz on LFRCO plots y-axis.

Updated ADC section and added clarification on conditions for INLaopc and DNLpc parameters.
Updated DAC section and added clarification on conditions for INLpac and DNLpac parameters.
Updated OPAMP section.

Updated ACMP section and the response time graph.

Updated VCMP section.

Updated Digital Peripherals section.

7.2 Revision 1.30

July 2nd, 2014

Corrected single power supply voltage minimum value from 1.85V to 1.98V.
Updated current consumption.

Updated transition between energy modes.

Updated power management data.

Updated GPIO data.

Updated LFXO, HFXO, HFRCO and ULFRCO data.

Updated LFRCO and HFRCO plots.

Updated ACMP data.

7.3 Revision 1.21

November 21st, 2013
Updated figures.
Updated errata-link.

Updated chip marking.
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Added link to Environmental and Quality information.

Re-added missing DAC-data.

7.4 Revision 1.20

September 30th, 2013

Added 12C characterization data.

Corrected GPIO operating voltage from 1.8 Vto 1.85 V.

Corrected the ADC gain and offset measurement reference voltage from 2.25 to 2.5V.
Corrected the ADC resolution from 12, 10 and 6 bit to 12, 8 and 6 bit.

Document changed status from "Preliminary".

Updated Environmental information.

Updated trademark, disclaimer and contact information.

Other minor corrections.

7.5 Revision 1.10

June 28th, 2013

Updated PCB Land Pattern, PCB Solder Mask and PCB Stencil Design figures.

Updated power requirements in the Power Management section.

Removed minimum load capacitance figure and table. Added reference to application note.

Other minor corrections.

7.6 Revision 1.00

September 11th, 2012
Updated the HFRCO 1 MHz band typical value to 1.2 MHz.
Updated the HFRCO 7 MHz band typical value to 6.6 MHz.

Added GPIO_EM4WU3, GPIO_EM4WU4 and GPIO_EM4WUS pins and removed GPIO_EM4WUL1 in
the Alternate functionality overview table.

Other minor corrections.

7.7 Revision 0.96

May 4th, 2012

Added PCB land pattern, Stencil design and solder mask.

7.8 Revision 0.95

February 27th, 2012
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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-
guences 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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B Contact Information

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

Please visit the Silicon Labs Technical Support web page:
http://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.
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