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EFNVI'32 ...the world's most energy friendly microcontrollers

1 Ordering Information

Table 1.1 (p. 2) shows the available EFM32TG230 devices.
Table 1.1. Ordering Information

Ordering Code Flash (kB) RAM (kB) Supply Temperature @ Package
Voltage (°C)

\

EFM32TG230F8-QFN64 8 2 32 198-3.8 |-40-85 QFN64
EFM32TG230F16-QFNG64 16 4 32 198-3.8 |-40-85 QFN64
EFM32TG230F32-QFN64 32 4 32 198-38 |-40-85 QFN64

Visit www.silabs.com for information on global distributors and representatives.
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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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2.1.11 Universal Synchronous/Asynchronous Receiver/Transmitter (US-
ART)

The Universal Synchronous Asynchronous serial Receiver and Transmitter (USART) is a very flexible
serial I/0 module. It supports full duplex asynchronous UART communication as well as RS-485, SPI,
MicroWire and 3-wire. It can also interface with ISO7816 SmartCards, IrDA and 12S devices.

2.1.12 Pre-Programmed UART Bootloader

The bootloader presented in application note ANOOO3 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 LEUART ™, 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.

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 Low Energy Timer (LETIMER)

The unique LETIMERTM, the Low Energy Timer, is a 16-bit timer that is available in energy mode EM2
in addition to EM1 and EMO. Because of this, it can be used for timing and output generation when most
of the device is powered down, allowing simple tasks to be performed while the power consumption of
the system is kept at an absolute minimum. The LETIMER can be used to output a variety of waveforms
with minimal software intervention. It is also connected to the Real Time Counter (RTC), and can be
configured to start counting on compare matches from the RTC.

2.1.17 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.

2.1.18 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.
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Figure 3.9. Typical High-Level Output Current, 3.8V 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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3.10 Analog Digital Converter (ADC)

Table 3.14. ADC

Single ended 0 VRee | V
VabpcIN Input voltage range
Differential 'VREF/Z VREF/2 Vv
V ADCREFIN Input range of exter- 1.25 Vpp | V
nal reference volt-
age, single ended
and differential
VabcrerFIN_cH7 | Input range of ex- See VapcrerIN 0 Vpp-1.1|V
ternal negative ref-
erence voltage on
channel 7
VapcrerIN_cHs | Input range of ex- See VapcREFIN 0.625 Vpp | V
ternal positive ref-
erence voltage on
channel 6
VADCCMIN Common mode in- 0 Vop | 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 377 HA
reference
10 kSamples/s 12 bit, internal 67 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00
10 kSamples/s 12 bit, internal 68 HA
1.25 V reference, WARMUP-
| Average active cur- | MODE in ADCn_CTRL set to
ADC rent 0bo1
10 kSamples/s 12 bit, internal 71 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0Ob10
10 kSamples/s 12 bit, internal 244 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0Ob11
|ADCREF Current consump- Internal voltage reference 65 HA
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
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Figure 3.21. ADC Differential Linearity Error vs Code, Vdd = 3V, Temp = 25°C
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SRpac Sample rate 500 | ksam-
ples/s
Continuous Mode 1000 | kHz
foac (I:D;/AC clock frequen- Sample/Hold Mode 250 | kHz
Sample/Off Mode 250 | kHz
CYCpacconv | Clock cyckles per 2
conversion
tbacconv Conversion time us
tpACSETTLE Settling time 5 us
500 kSamples/s, 12 bit, sin- 58 dB
gle ended, internal 1.25V refer-
ence
500 kSamples/s, 12 bit, single 59 dB
ended, internal 2.5V reference
SNRpac tsi(')gglilg)'\'o'se Ra- | 500 ksamples/s, 12 bit, differ- 58 dB
ential, internal 1.25V reference
500 kSamples/s, 12 bit, differ- 58 dB
ential, internal 2.5V reference
500 kSamples/s, 12 bit, differ- 59 dB
ential, Vpp reference
500 kSamples/s, 12 bit, sin- 57 dB
gle ended, internal 1.25V refer-
ence
500 kSamples/s, 12 bit, single 54 dB
. ] ended, internal 2.5V reference
Signal to Noise-
SNDRpac pulse Distortion Ra- | 500 kSamples/s, 12 bit, differ- 56 dB
tio (SNDR) ential, internal 1.25V reference
500 kSamples/s, 12 bit, differ- 53 dB
ential, internal 2.5V reference
500 kSamples/s, 12 hit, differ- 55 dB
ential, Vpp reference
500 kSamples/s, 12 bit, sin- 62 dBc
gle ended, internal 1.25V refer-
ence
500 kSamples/s, 12 bit, single 56 dBc
] ended, internal 2.5V reference
Spurious-Free
SFDRpac Dynamic 500 kSamples/s, 12 bit, differ- 61 dBc
Range(SFDR) ential, internal 1.25V reference
500 kSamples/s, 12 bit, differ- 55 dBc
ential, internal 2.5V reference
500 kSamples/s, 12 hit, differ- 60 dBc
ential, Vpp reference
After calibration, single ended 2 mV
VDACOFFSET Offset VOltage
After calibration, differential 2 mVv
DNLpac Differential non-lin- | Vpp= 3.0V, Vpp reference +1 LSB
earity
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OPAXHCMDIS=1 Vss Vpp-1.2 | V

VouTtpuT Output Voltage Vss Vbp
Unity Gain, Vgs<Vin<Vpp, 6 mV
OPAXHCMDIS=0

VorESET Input Offset Voltage
Un|ty Gain, VSS<Vin<VDD'1-21 1 mV
OPAXHCMDIS=1

VOFFSET_DRIFT Input Offset Voltage 0.02 | mv/°C

Drift

OPAO/OPA1 BIASPROG=0xF, 46.11 V/us
HALFBIAS=0x0
OPAO/OPA1 BIASPROG=0x7, 1.21 Vius
HALFBIAS=0x1
OPAO0/OPA1 BIASPROG=0x0, 0.16 V/us
HALFBIAS=0x1

SROPAMP Slew Rate
OPA2 BIASPROG=0xF, 4.43 V/us
HALFBIAS=0x0
OPA2 BIASPROG=0x7, 1.30 V/us
HALFBIAS=0x1
OPA2 BIASPROG=0x0, 0.16 V/us
HALFBIAS=0x1
OPA0/OPAL1 BIASPROG=0xF, 0.09 us
HALFBIAS=0x0
OPAO0/OPA1 BIASPROG=0x7, 1.52 us
HALFBIAS=0x1
OPAO/OPA1 BIASPROG=0x0, 12.74 us
HALFBIAS=0x1

PUopamp Power-up Time
OPA2 BIASPROG=0xF, 0.09 ps
HALFBIAS=0x0
OPA2 BIASPROG=0x7, 0.13 us
HALFBIAS=0x1
OPA2 BIASPROG=0x0, 0.17 us
HALFBIAS=0x1
Vou=1V, RESSEL=0, 101 UVRMs
0.1 Hz<f<10 kHz, OPAX-
HCMDIS=0
Vou=1V, RESSEL=0, 141 UVRMs
0.1 Hz<f<10 kHz, OPAX-
HCMDIS=1
Vou=1V, RESSEL=0, 0.1 196 UVRMs
Hz<f<1 MHz, OPAXHCMDIS=0

Nopamp Voltage Noise Vou=1V, RESSEL=0, 0.1 229 HVRws
Hz<f<1 MHz, OPAXHCMDIS=1
RESSEL=7, 0.1 Hz<f<10 kHz, 1230 UVRMS
OPAXHCMDIS=0
RESSEL=7, 0.1 Hz<f<10 kHz, 2130 UWrms
OPAXHCMDIS=1
RESSEL=7, 0.1 Hz<f<1 MHz, 1630 MVRrMs
OPAXHCMDIS=0

2015-03-06 - EFM32TG230FXX - d0030_Rev1.40 www.silabs.com




...the world's most energy friendly microcontrollers

Figure 3.29. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS =0, HALFBIAS =1

2.5
2.0
'21.5* """"""""""""""""
=A
=
o
5
O b
O]
i i
O'00 4 8 12
ACMP_CTRL_BIASPROG
Current consumption, HYSTSEL =4
100 T T
BIASPROG=0.0
—— BIASPROG=4.0
~—  BIASPROG=8.0
80H == BIASPROG= 12,0 |--b-oeomehoni
S
£ 60
o
(7]
[}
[}
2
2 40
20
0 ‘ ‘ ; ‘ ;
1 2 3 4 5 7

ACMP_CTRL_HYSTSEL

Hysteresis

2015-03-06 - EFM32TG230FXX - d0030_Rev1.40

20

i
&

Response Time [us]
=
o

HYSTSEL=0

—— HYSTSEL=2

—— HYSTSEL=4

—— HYSTSEL=6

2 z 6 8§ 10 12 14

ACMP_CTRL_BIASPROG
Response time , Vg, =

1.25V, CP+ to CP- = 100mV

www.silabs.com




...the world's most energy friendly microcontrollers

Table 3.20. 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%3 | ns
tsu.sta Repeated START condition set-up time 0.6 us
tHp,STA (Repeated) START condition hold time 0.6 us
tsu.sto STOP condition set-up time 0.6 us
tRUF Bus free time between a STOP and START condition 1.3 ps

For the minimum HFPERCLK frequency required in Fast-mode, see the 12C chapter in the EFM32TG Reference Manual.
2The maximum SDA hold time (tnp,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 < ((900*10'9 [S] * furpeRCLK [HZ]) - 4).

Table 3.21. 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,DAT 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
teuF 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 EFM32TG Reference Manual.

3.16 Digital Peripherals

Table 3.22. Digital Peripherals

lUSART USART current USART idle current, clock en- 7.5 HA/
abled MHz

I LEUART LEUART current LEUART idle current, clock en- 150 nA
abled

lioc 12C current 12C idle current, clock enabled 6.25 HA/

MHz

ITIMER TIMER current TIMER_O idle current, clock 8.75 HA/
enabled MHz

ILETIMER LETIMER current LETIMER idle current, clock 75 nA
enabled

IpeNT PCNT current PCNT idle current, clock en- 60 nA
abled
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QFN64 Pin# Pin Alternate Functionality / Description
and Name

Pin Name Timers Communication

3 PA2 TIMO_CC2 #0/1 CMU_CLKO #0
4 PA3 LES_ALTEX2 #0
5 PA4 LES_ALTEX3 #0
6 PA5 LES_ALTEX4 #0
7 PA6 GPIO_EM4WU1
8 I0VDD_0 Digital 10 power supply 0.
ACMPO_CHO USO_TX #5
9 PCO DACO_OUTOALT #0/ P-(I;II'EIA?(TCSCO]I-I\? iZ US1_TX #0 ;Eg—g:g 1:(())
OPAMP_OUTOALT = 12CO_SDA #4 -
ACMPO_CH1 USO_RX #5
10 PC1 DACO_OUTOALT #1/ P-gm%cscl?l\f 4#2 US1_RX #0 ;Ez—g:g ##(0)
OPAMP_OUTOALT = 12CO_SCL #4 -
ACMPO_CH2
11 PC2 DACO_OUTOALT #2/ LES_CH2 #0
OPAMP_OUTOALT
ACMPO_CH3
12 PC3 DACO_OUTOALT #3/ LES_CH3 #0
OPAMP_OUTOALT
ACMPO_CH4
13 PC4 DACO_PO/ LETIMO_OUTO #3 LES_CH4 #0
OPAMP_PO
ACMPO_CH5
14 PC5 DACO_NO/ LETIMO_OUT1 #3 LES_CH5 #0
OPAMP_NO
USO_TX #4
15 PB7 LFEXTAL_P TIM1_CCO #3 USL_CLK #0
USO_RX #4
16 PB8 LFXTAL_N TIM1_CC1 #3 US1_CS #0
17 PA8
18 PA9
19 PA10

Reset input, active low.
20 RESETn To apply an external reset source to this pin, it is required to only drive this pin low during reset, and let the internal pull-up
ensure that reset is released.

DACO_OUTO/ TIM1_CC2 #3
2 PB11 OPAMP_OUTO LETIMO_OUTO #1
DACO_OUT1/
22 PB12 OPAMP_OUT1 LETIMO_OUT1 #1
23 AVDD_1 Analog power supply 1.
USO_CLK #4/5
24 PB13 HFEXTAL_P LEUO_TX #1
USO0_CS #4/5
25 PB14 HFXTAL_N LEUO_RX #1
26 I0VDD_3 Digital 10 power supply 3.
27 AVDD_0 Analog power supply 0.
ADCO_CHO
DACO_OUTOALT #4/
28 PDO OPAMP_OUTOALT USL_TX#1
OPAMP_OUT2 #1
ADCO_CH1
29 PD1 DACO_OUTIALT #4/ TIMO_CCO #3 US1_RX #1
OPAMP_OUTI1ALT
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QFN64 Pin#
and Name

Pin Name

Pin Alternate Functionality / Description

Timers Communication

30 PD2 ADCO_CH2 TIMO_CC1 #3 US1_CLK #1
ADCO_CH3
31 PD3 OPAMP_N2 TIMO_CC2 #3 US1_CS#1
ADCO_CH4
32 PD4 OPAMP_P2 LEUQO_TX #0
ADCO_CH5
33 PD5 OPAMP_OUT2 #0 LEUO_RX #0
ADCO_CH6 TIM1_CCO #4 US1_RX #2 LES_ALTEXO #0
34 PD6 DACO_P1/ LETIMO_OUTO #0 12C0 SDA #1 ACMPO O #2
OPAMP_P1 PCNTO_SOIN #3 = -
ADCO_CH7 TIM1_CC1 #4 US1 TX #2 CMU_CLKO #2
35 PD7 DACO_N1/ LETIMO_OUT1 #0 12C0 SCL #1 LES_ALTEX1 #0
OPAMP_N1 PCNTO_S1IN #3 = ACMP1_O #2
36 PD8 CMU_CLK1 #1
37 PC6 ACMPO_CH6 12CO_SDA #2 LES_CH6 #0
38 PC7 ACMPO_CH7 12C0_SCL #2 LES_CH7 #0
39 VDD_DREG Power supply for on-chip voltage regulator.
40 DECOUPLE Decouple output for on-chip voltage regulator. An external capacitance of size CpecoupLe IS required at this pin.
41 PC8 ACMP1_CHO USO_CS #2 LES_CH8 #0
LES_CH9 #0
42 PC9 ACMP1_CH1 USO_CLK #2 GPIO_EMAWU?2
43 PC10 ACMP1_CH2 USO_RX #2 LES_CH10 #0
44 PC11 ACMP1_CH3 USO_TX #2 LES_CH11 #0
ACMP1_CH4
45 PC12 DACO_OUTIALT #0/ ?I\E/Ig _((Z:I-I; ]I_(g :3‘
OPAMP_OUTI1ALT -
ACMP1_CH5 TIM1_CCO #0
46 PC13 DACO_OUTIALT #1/ TIM1_CC2 #4 LES_CH13 #0
OPAMP_OUTI1ALT PCNTO_SOIN #0
ACMP1_CH6
47 PC14 DACO_OUTIALT #2/ P-(I;INM%(?CSC::L]I-I\;I# go USO_CS #3 LES_CH14 #0
OPAMP_OUTI1ALT =
ACMP1_CH7
48 PC15 DACO_OUTIALT #3/ TIM1_CC2 #0 USO_CLK #3 Egsc,;_csic\}g zg
OPAMP_OUTI1ALT -
US1_CLK #2
49 PFO LE-I:IE:\IC/IOO_C(:)?T%S#Z LEUO_TX #3 DBG_SWCLK #0/1
- 12CO_SDA #5
50 PF1 TIMO_CC1 #5 LUESUlO_CI:?SXitza DBG_SWDIO #0/1
LETIMO_OUT1 #2 IZCO__SCL 45 GPIO_EM4WU3
ACMP1_O #0
51 PF2 TIMO_CC2 #5 LEUO_TX #4 DBG_SWO #0
GPIO_EM4WU4
52 PF3 PRS_CHO #1
53 PF4 PRS_CH1 #1
54 PF5 PRS_CH2 #1
55 I0VDD_5 Digital 10 power supply 5.
56 PE8 PRS_CH3 #1
57 PE9
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ACMP1_0O PF2 PD7 Analog comparator ACMP1, digital output.

ADCO_CHO PDO Analog to digital converter ADCO, input channel number 0.
ADCO_CH1 PD1 Analog to digital converter ADCO, input channel number 1.
ADCO_CH2 PD2 Analog to digital converter ADCO, input channel number 2.
ADCO_CH3 PD3 Analog to digital converter ADCO, input channel number 3.
ADCO_CH4 PD4 Analog to digital converter ADCO, input channel number 4.
ADCO_CH5 PD5 Analog to digital converter ADCO, input channel number 5.
ADCO_CH6 PD6 Analog to digital converter ADCO, input channel number 6.
ADCO_CH7 PD7 Analog to digital converter ADCO, input channel number 7.
BOOT_RX PE11 Bootloader RX.

BOOT_TX PE10 Bootloader TX.

CMU_CLKO PA2 PC12 PD7 Clock Management Unit, clock output number 0.
CMU_CLK1 PA1 PD8 PE12 Clock Management Unit, clock output number 1.
g’éi&—;\‘j\{o PC5 Operational Amplifier 0 external negative input.
CD)ggtlz/I_F"\lj\lll PD7 Operational Amplifier 1 external negative input.
OPAMP_N2 PD3 Operational Amplifier 2 external negative input.
DACO_OUTO/ PB11 Digital to Analog Converter DACO_OUTO /
OPAMP_OUTO OPAMP output channel number 0.

Dl e v DACD OUTONLT!
DACO_OuUT1/ PB12 Digital to Analog Converter DACO_OUT1 /
OPAMP_OUT1 OPAMP output channel number 1.

Dl s Conerr DAC3 OUTIALT!
OPAMP_OUT2 PD5 PDO Operational Amplifier 2 output.

gﬁi&—;j:/o PC4 Operational Amplifier 0 external positive input.
3;’2?\(,3,.‘;)_1;1 PD6 Operational Amplifier 1 external positive input.
OPAMP_P2 PD4 Operational Amplifier 2 external positive input.

Debug-interface Serial Wire clock input.

DBG_SWCLK 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 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 PC15 Note that this function is not enabled after reset, and must be
enabled by software to be used.
GPIO_EM4WUO PAO Pin can be used to wake the system up from EM4
GPIO_EM4WU1 PA6 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
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Alternate LOCATION

Functionality Description
TIMO_CCO PAO PAO PD1 PAO PFO Timer 0 Capture Compare input / output channel 0.
TIMO_CC1 PAL PA1 PD2 PCO PF1 Timer 0 Capture Compare input / output channel 1.
TIMO_CC2 PA2 PA2 PD3 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.
USO_CLK PE12 PC9 PC15 PB13 PB13 USARTO clock input / output.

US0_Cs PE13 PC8 PC14 PB14 PB14 USARTO chip select input / output.

USARTO Asynchronous Receive.

USO_RX PE11 PC10 | PE12 PE8 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
(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 input
in half duplex communication.

US1_TX PCO PDO PD7

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

4.3 GPIO Pinout Overview

The specific GPIO pins available in EFM32TG230 is shown in Table 4.3 (p. 51). 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

14 13
Port A PA15 - - - - PA10 | PA9 PA8 - PA6 PA5 PA4 PA3 PA2 PA1 PAO
Port B - PB14 | PB13 | PB12 | PB11 - - PB8 PB7 - - - - - - -
Port C PC15 | PC14 | PC13 | PCl12 | PCl11 | PC10| PC9 PC8 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Port D - - - - - - - PD8 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Port E PE15 | PE14 | PE13 | PE12 | PE11 | PE10 | PE9 PE8 - - - - - - - -
Port F - - - - - - - - - - PF5 PF4 PF3 PF2 PF1 PFO

4.4 Opamp Pinout Overview

The specific opamp terminals available in EFM32TG230 is shown in Figure 4.2 (p. 52) .
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Figure 5.2. QFN64 PCB Solder Mask

a

L 1000000
|

= —
LE : g e
c = |
Sy o
+£+

Table 5.2. QFN64 PCB Solder Mask Dimensions (Dimensions in mm)

Symbol Dim. (mm) Symbol Dim. (mm) ‘
a 0.97 e 8.90
b 0.42 f 7.32
c 0.50 g 7.32
d 8.90
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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.

2015-03-06 - EFM32TG230FXX - d0030_Rev1.40 www.silabs.com




...the world's most energy friendly microcontrollers

List of Figures

P R = (o ot g DI = o [ = o I ORI 3
2.2. EFM32TG230 Memory Map with largest RAM and FIash SiZeS ........c.ouiiiiiiiiiii e 8
3.1. EM2 current consumption. RTC prescaled to 1kHz, 32.768 KHz LFRCO. .......ccoiiiiiiiiiiiiiieeee e 11
3.2, EM3 CUITENT CONSUMPTION. ottt ettt ettt ettt ettt et ettt et e e e e e et e et et ettt et e et e et et et et e aeaaens 11
TR T 1Y A oW = o At 1T ] o1 To ] o PP PPPPN 11
3.4. Typical Low-Level Output Current, 2V SUPPIY VOIAGE ... ..ceirieiiiii e 15
3.5. Typical High-Level Output Current, 2V SUPPIY VOIBGE ..o 16
3.6. Typical Low-Level Output Current, 3V SUPPIY VORAGE ......oviiiiiiii e e 17
3.7. Typical High-Level Output Current, 3V SUPPly VOIBGE .......vniiiiii e 18
3.8. Typical Low-Level Output Current, 3.8V SUPPIY VOIAGE .......uiuiiiiitii e 19
3.9. Typical High-Level Output Current, 3.8V SUPPIY VOIAGE ......oviiiiiii e 20
3.10. Calibrated LFRCO Frequency vs Temperature and Supply VOltage ..........cooiiiiiiiiii e 22
3.11. Calibrated HFRCO 1 MHz Band Frequency vs Supply Voltage and Temperature ............ccccooeuiuiiiiiniiiinenenenenes 23
3.12. Calibrated HFRCO 7 MHz Band Frequency vs Supply Voltage and Temperature ............cccoooeveeriniiiniiiinennnnnenss 23
3.13. Calibrated HFRCO 11 MHz Band Frequency vs Supply Voltage and Temperature .............ccooveveiierieinnenenannnn. 24
3.14. Calibrated HFRCO 14 MHz Band Frequency vs Supply Voltage and Temperature .............ccoevuviiiiiiiiiiinininenane. 24
3.15. Calibrated HFRCO 21 MHz Band Frequency vs Supply Voltage and Temperature .............cccoevvvviiiiiiiiininininnnn. 24
3.16. Calibrated HFRCO 28 MHz Band Frequency vs Supply Voltage and Temperature .............ccoovveevierieinnenennnnns. 25
3.17. Integral NON-LINEAILY (INL) ... .uut ettt e et et e e e e e e e ettt ettt e e e et et et et et et e e aans 30
3.18. Differential NON-LINEAILY (DINL) ......iuititititit ittt e et e e e et et et e e e e e e e e et e et e e e aananananas 30
3.19. ADC Frequency Spectrum, Vdd = 3V, TeMP = 25°%C ..ot 31
3.20. ADC Integral Linearity Error vs Code, Vdd = 3V, TEMP = 25°C .ot 32
3.21. ADC Differential Linearity Error vs Code, Vdd = 3V, TemMP = 25°C ..ottt 33
3.22. ADC Absolute Offset, Common MoAE = VA 12 ..o e 34
3.23. ADC Dynamic Performance vs Temperature for all ADC References, VAd = 3V ... 34
3.24. OPAMP Common Mode REJECHON RALIO ......uuiiiiiii ittt e et e e e aaaaans 38
3.25. OPAMP Positive Power Supply REJECHION RALIO ... ..ouieitiii e 38
3.26. OPAMP Negative Power Supply REJECION RALIO .......o.iuitiiiiii e 39
3.27. OPAMP Voltage Noise Spectral Density (Unity Gain) VoumLV o 39
3.28. OPAMP Voltage Noise Spectral Density (NON-UNity GaINY ....c.uveiriinieiie e 39
3.29. ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS = 0, HALFBIAS = 1 . ..ottt 41
4.1. EFM32TG230 Pinout (top VIEW, NO t0 SCAIE) ....euiiiiiiii ittt et a e 45
4.2, OPAMP PINMOUL ...ttt et ettt e et ettt ettt et e et 52
. 3. QN B ot 52
L @ | (7 A = T I T o - (] o PP 54
5.2. QFNBZ PCB SOIUEI IMASK ...ttt ettt et ettt ettt et ettt ettt ettt ettt a et e a e a e ens 55
5.3. QFNBZ PCB STENCI DESIGN ... ettt ettt ettt ettt ettt et et e e e e e e e e eenenan 56
6.1. Example Chip Marking (T0P VIBW) ...cuiuiuiniiiiitiie e e e et ettt e e et et et e e e et e e e e e e e e e e e teaaens 57

2015-03-06 - EFM32TG230FXX - d0030_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 7
3.1. ADSOIUtE MAXIMUM REUNGS ...ttt ettt et ettt et et e et e et e et et e e r e e e e et e e e e naenes 9
3.2. General Operating CONITIONS ... ...ttt et ettt e et e ettt ettt e e e et e e e et e e e e e eneaen 9
TR B O W {4 (=Y o @0 g YWy oT 0111 ) PP 10
3.4. ENergy MOOES TraNSItIONS .. ....iuii ettt ettt ettt et ettt e 12
R o1V Y =Yg To [=T 1 T o | PP PP 12
BB, FlaS I o e 13
K R €] = [ PP PT PP 13
RS T I o (@ L PP PP PPTPPRN 21
B0 HE XD ittt e 21
BLA0. LFRCO ittt e 22
BLdL HERCO ittt e e 22
3.2, AUXHRERCO .ottt 25
B3 ULFRECO .ottt e e e e et a e 25
L0, A C i 26
Bid. DA ittt e 34
BLdB. OP AMP . e e 36
B d7. ACMIP ottt 40
BLd8. VM ottt 42
3.19. 12C StaNdard-MOAE (SIM) ... ittt et ettt e e et 42
2 T D Ol = TS 03T o L= (0 1) P 43
3.21L. 12C Fast-MOAe PlUS (M) ouititititi ittt e e e e e e e e et et e et et et ettt e e e e e e e et e aaaas 43
3.22. Digital PeIIPNEIAIS .. ... et e 43
4.1, DRVICE PINOUL ...ttt ettt ettt ettt e e 45
4.2, Alternate fUNCHONAIITY OVEIVIEW .. ...t ettt et et e et et e e e aeaens 48
4.3, GPIO PINOUL ..ttt e e e 51
4.4. QFNG4 (DIMENSIONS 1M MM .ottt et et e e e e e e ettt et e e et ettt et e e et e e e ae e et n e et e e e e e e eneeees 53
5.1. QFN64 PCB Land Pattern Dimensions (DiMeNnSiONS iN MIM) ...t e e e e aaaanas 54
5.2. QFN64 PCB Solder Mask Dimensions (DIMENSIONS IN MM ....ueuieritieee e eaeee 55
5.3. QFN64 PCB Stencil Design Dimensions (DiMENSIONS IN MIM) ...ttt e e e 56

2015-03-06 - EFM32TG230FXX - d0030_Rev1.40 www.silabs.com




