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...the world's most energy friendly microcontrollers

2 System Summary

2.1 System Introduction

The EFM32 MCUs are the world’s most energy friendly microcontrollers. With a unique combination of
the powerful 32-bit ARM Cortex-M3, innovative low energy techniques, short wake-up time from ener-
gy saving modes, and a wide selection of peripherals, the EFM32TG microcontroller is well suited for
any battery operated application as well as other systems requiring high performance and low-energy
consumption. This section gives a short introduction to each of the modules in general terms and also
shows a summary of the configuration for the EFM32TG230 devices. For a complete feature set and in-
depth information on the modules, the reader is referred to the EFM32TG Reference Manual.

A block diagram of the EFM32TG230 is shown in Figure 2.1 (p. 3) .
Figure 2.1. Block Diagram
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2.1.1 ARM Cortex-M3 Core

The ARM Cortex-M3 includes a 32-bit RISC processor which can achieve as much as 1.25 Dhrystone
MIPS/MHz. A Wake-up Interrupt Controller handling interrupts triggered while the CPU is asleep is in-
cluded as well. The EFM32 implementation of the Cortex-M3 is described in detail in EFM32 Cortex-M3
Reference Manual.

2.1.2 Debug Interface (DBG)

This device includes hardware debug support through a 2-pin serial-wire debug interface . In addition
there is also a 1-wire Serial Wire Viewer pin which can be used to output profiling information, data trace
and software-generated messages.

2.1.3 Memory System Controller (MSC)

The Memory System Controller (MSC) is the program memory unit of the EFM32TG microcontroller.
The flash memory is readable and writable from both the Cortex-M3 and DMA. The flash memory is
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2.1.19 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.

2.1.20 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 8 external
pins and 6 internal signals.

2.1.21 Digital to Analog Converter (DAC)

The Digital to Analog Converter (DAC) can convert a digital value to an analog output voltage. The DAC
is fully differential rail-to-rail, with 12-bit resolution. It has two single ended output buffers which can be
combined into one differential output. The DAC may be used for a number of different applications such
as sensor interfaces or sound output.

2.1.22 Operational Amplifier (OPAMP)

The EFM32TG230 features 3 Operational Amplifiers. The Operational Amplifier is a versatile general
purpose amplifier with rail-to-rail differential input and rail-to-rail single ended output. The input can be set
to pin, DAC or OPAMP, whereas the output can be pin, OPAMP or ADC. The current is programmable
and the OPAMP has various internal configurations such as unity gain, programmable gain using internal
resistors etc.

2.1.23 Low Energy Sensor Interface (LESENSE)

The Low Energy Sensor Interface (LESENSETM), is a highly configurable sensor interface with support
for up to 16 individually configurable sensors. By controlling the analog comparators and DAC, LESENSE
is capable of supporting a wide range of sensors and measurement schemes, and can for instance mea-
sure LC sensors, resistive sensors and capacitive sensors. LESENSE also includes a programmable
FSM which enables simple processing of measurement results without CPU intervention. LESENSE is
available in energy mode EM2, in addition to EMO and EM1, making it ideal for sensor monitoring in
applications with a strict energy budget.

2.1.24 Advanced Encryption Standard Accelerator (AES)

The AES accelerator performs AES encryption and decryption with 128-bit or 256-bit keys. Encrypting or
decrypting one 128-bit data block takes 52 HFCORECLK cycles with 128-bit keys and 75 HFCORECLK
cycles with 256-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.

2.1.25 General Purpose Input/Output (GPIO)

In the EFM32TG230, there are 56 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 16 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.
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Figure 2.2. EFM32TG230 Memory Map with largest RAM and Flash sizes
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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 3.7. Typical High-Level Output Current, 3V Supply Voltage
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Figure 3.8. Typical Low-Level Output Current, 3.8V Supply Voltage
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furrco = 14 MHz 104 120 | pA
fHFRCO =11 MHz 94 110 IJA
fHFRCO =6.6 MHz 63 90 IJA
fHFRCO =1.2 MHz 22 32 |JA
TUNESTEP,,. | Frequency step 0.3° %
FRCO for LSB change in
TUNING value

For devices with prod. rev. < 19, Typ = 7MHz and Min/Max values not applicable.
2For devices with prod. rev. < 19, Typ = 1MHz and Min/Max values not applicable.
3The 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 28 MHz across operating conditions.

Figure 3.11. Calibrated HFRCO 1 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.16. Calibrated HFRCO 28 MHz Band Frequency vs Supply Voltage and Temperature
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3.9.5 AUXHFRCO
Table 3.12. AUXHFRCO
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
fauxHFRCO 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
tAUXHFRCO_settIir gSettllng time after fAUXHFRCO =14 MHz 0.6 CyCles
start-up
TUNESTEP AUy Frequency step 0.3° %
HERCO for LSB change in
TUNING value

For devices with prod. rev. < 19, Typ = 7MHz and Min/Max values not applicable.
2For devices with prod. rev. < 19, Typ = 1MHz and Min/Max values not applicable.

3The TUNING field in the CMU_AUXHFRCOCTRL register may be used to adjust the AUXHFRCO 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 AUXHFRCO frequency at any arbitrary value between 7 MHz and 28 MHz
across operating conditions.

3.9.6 ULFRCO

Table 3.13. ULFRCO

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

TCuULFRCO Temperature coeffi- 0.05 %/°C
cient

VCyLFRCO Supply voltage co- -18.2 %/
efficient
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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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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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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
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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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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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HFXTAL_N PB14 :;)%Il;r::;?glgiﬂcl)é;;y;ltgl negative pin. Also used as external
HFXTAL_P PB13 High Frequency Crystal positive pin.

12C0_SCL PA1 PD7 PC7 PC1 PF1 PE13 12C0 Serial Clock Line input / output.

12C0_SDA PAO PD6 PC6 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_ALTEX2 PA3 LESENSE alternate exite output 2.

LES_ALTEX3 PA4 LESENSE alternate exite output 3.

LES_ALTEX4 PA5 LESENSE alternate exite output 4.

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_CH5 PC5 LESENSE channel 5.

LES_CH6 PC6 LESENSE channel 6.

LES_CH7 PC7 LESENSE channel 7.

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_CH12 PC12 LESENSE channel 12.

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 PB12 PF1 PC5 Low Energy Timer LETIMO, output channel 1.

LEUO_RX PD5 PB14 PE15 | PF1 PAO LEUARTO Receive input.

LEUO_TX PD4 PB13 PE14 PFO PE2 Egssfggn;rr;aljr:]si?ai;g#-tput. Also used as receive input in half
LEXTALN | PBB oo st a5 an opional extemal ook Ut g
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 PE8 Peripheral Reflex System PRS, channel 3.
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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) .

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




...the world's most energy friendly microcontrollers

6 Chip Marking, Revision and Errata
6.1 Chip Marking

In the illustration below package fields and position are shown.

Figure 6.1. Example Chip Marking (top view)

Orientatjon Mark Chip Family

.

. | [EFM32
Version_‘

Revision

MCU Core Prod}Jction Code

6.2 Revision

The revision of a chip can be determined from the "Revision" field in Figure 6.1 (p. 57) .

6.3 Errata

Please see the errata document for EFM32TG230 for description and resolution of device erratas. This
document is available in Simplicity Studio and online at:
http://lwww.silabs.com/support/pages/document-library.aspx?p=MCUs--32-bit
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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 the DAC and OPAMP2 pin sharing information in the Alternate Functionality Pinout section.
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 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

Corrected PCB footprint figures and tables.

7.8 Revision 0.95

February 27th, 2012

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




ZERO TINY GECKO LEOPARD GIANT WONDER

ARM Cortex-M0+ ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M3 ARM Cortex-M4




