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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Figure 2.2. EFM32TG232 Memory Map with largest RAM and Flash sizes
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3.4 Current Consumption

Table 3.3. Current Consumption

Symbol Parameter Condition Min Typ Max Unit

32 MHz HFXO, all peripheral
clocks disabled, VDD= 3.0 V

 157  µA/
MHz

28 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 150 170 µA/
MHz

21 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 153 172 µA/
MHz

14 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 155 175 µA/
MHz

11 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 157 178 µA/
MHz

6.6 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 162 183 µA/
MHz

IEM0

EM0 current. No
prescaling. Running
prime number cal-
culation code from
Flash. (Production
test condition = 14
MHz)

1.2 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 200 240 µA/
MHz

32 MHz HFXO, all peripheral
clocks disabled, VDD= 3.0 V

 53  µA/
MHz

28 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 51 57 µA/
MHz

21 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 55 59 µA/
MHz

14 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 56 61 µA/
MHz

11 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 58 63 µA/
MHz

6.6 MHz HFRCO, all peripheral
clocks disabled, VDD= 3.0 V

 63 68 µA/
MHz

IEM1

EM1 current (Pro-
duction test condi-
tion = 14 MHz)

1.2 MHz HFRCO. all peripheral
clocks disabled, VDD= 3.0 V

 100 122 µA/
MHz

EM2 current with RTC
prescaled to 1 Hz, 32.768
kHz LFRCO, VDD= 3.0 V,
TAMB=25°C

 1.0 1.2 µA

IEM2 EM2 current
EM2 current with RTC
prescaled to 1 Hz, 32.768
kHz LFRCO, VDD= 3.0 V,
TAMB=85°C

 2.4 5.0 µA

VDD= 3.0 V, TAMB=25°C  0.59 1.0 µA
IEM3 EM3 current

VDD= 3.0 V, TAMB=85°C  2.0 4.5 µA

VDD= 3.0 V, TAMB=25°C  0.02 0.055 µA
IEM4 EM4 current

VDD= 3.0 V, TAMB=85°C  0.25 0.70 µA
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Figure 3.4. Typical Low-Level Output Current, 2V Supply Voltage
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Figure 3.5. Typical High-Level Output Current, 2V Supply Voltage
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Figure 3.8. Typical Low-Level Output Current, 3.8V Supply Voltage
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3.9 Oscillators

3.9.1 LFXO

Table 3.8. LFXO

Symbol Parameter Condition Min Typ Max Unit

fLFXO Supported nominal
crystal frequency

  32.768  kHz

ESRLFXO Supported crystal
equivalent series re-
sistance (ESR)

  30 120 kOhm

CLFXOL Supported crystal
external load range

 X1  25 pF

ILFXO Current consump-
tion for core and
buffer after startup.

ESR=30 kOhm, CL=10 pF,
LFXOBOOST in CMU_CTRL is
1

 190  nA

tLFXO Start- up time. ESR=30 kOhm, CL=10 pF,
40% - 60% duty cycle has
been reached, LFXOBOOST in
CMU_CTRL is 1

 400  ms

1See Minimum Load Capacitance (CLFXOL) Requirement For Safe Crystal Startup in energyAware Designer in Simplicity Studio

For safe startup of a given crystal, the energyAware Designer in Simplicity Studio contains a tool to help
users configure both load capacitance and software settings for using the LFXO. For details regarding
the crystal configuration, the reader is referred to application note "AN0016 EFM32 Oscillator Design
Consideration".

3.9.2 HFXO

Table 3.9. HFXO

Symbol Parameter Condition Min Typ Max Unit

fHFXO Supported nominal
crystal Frequency

 4  32 MHz

Crystal frequency 32 MHz  30 60 Ohm
ESRHFXO

Supported crystal
equivalent series re-
sistance (ESR) Crystal frequency 4 MHz  400 1500 Ohm

gmHFXO The transconduc-
tance of the HFXO
input transistor at
crystal startup

HFXOBOOST in CMU_CTRL
equals 0b11

20   mS

CHFXOL Supported crystal
external load range

 5  25 pF

4 MHz: ESR=400 Ohm,
CL=20 pF, HFXOBOOST in
CMU_CTRL equals 0b11

 85  µA

IHFXO

Current consump-
tion for HFXO after
startup 32 MHz: ESR=30 Ohm,

CL=10 pF, HFXOBOOST in
CMU_CTRL equals 0b11

 165  µA

tHFXO Startup time 32 MHz: ESR=30 Ohm,
CL=10 pF, HFXOBOOST in
CMU_CTRL equals 0b11

 400  µs
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3.10 Analog Digital Converter (ADC)

Table 3.14. ADC

Symbol Parameter Condition Min Typ Max Unit

Single ended 0  VREF V
VADCIN Input voltage range

Differential -VREF/2  VREF/2 V

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

 1.25  VDD V

VADCREFIN_CH7 Input range of ex-
ternal negative ref-
erence voltage on
channel 7

See VADCREFIN 0  VDD - 1.1 V

VADCREFIN_CH6 Input range of ex-
ternal positive ref-
erence voltage on
channel 6

See VADCREFIN 0.625  VDD V

VADCCMIN Common mode in-
put range

 0  VDD V

IADCIN Input current 2pF sampling capacitors  <100  nA

CMRRADC Analog input com-
mon mode rejection
ratio

  65  dB

1 MSamples/s, 12 bit, external
reference

 377  µA

10 kSamples/s 12 bit, internal
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00

 67  µA

10 kSamples/s 12 bit, internal
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b01

 68  µA

10 kSamples/s 12 bit, internal
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b10

 71  µA

IADC
Average active cur-
rent

10 kSamples/s 12 bit, internal
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b11

 244  µA

IADCREF Current consump-
tion of internal volt-
age reference

Internal voltage reference  65  µA

CADCIN Input capacitance   2  pF

RADCIN Input ON resistance  1   MOhm

RADCFILT Input RC filter resis-
tance

  10  kOhm

CADCFILT Input RC filter/de-
coupling capaci-
tance

  250  fF
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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 3.18. Differential Non-Linearity (DNL)
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Figure 3.22.  ADC Absolute Offset, Common Mode = Vdd /2
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Figure 3.23.  ADC Dynamic Performance vs Temperature for all ADC References, Vdd = 3V
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3.11 Digital Analog Converter (DAC)

Table 3.15. DAC

Symbol Parameter Condition Min Typ Max Unit

VDACOUT Output voltage
range

VDD voltage reference, single
ended

0  VDD V

VDACCM Output common
mode voltage range

 0  VDD V

500 kSamples/s, 12bit  400 650 µA

100 kSamples/s, 12 bit  200 250 µAIDAC

Active current in-
cluding references
for 2 channels

1 kSamples/s 12 bit NORMAL  17 25 µA

SRDAC Sample rate    500 ksam-
ples/s
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Symbol Parameter Condition Min Typ Max Unit

OPA0/OPA1 BIASPROG=0xF,
HALFBIAS=0x0

 0.09  µs

OPA0/OPA1 BIASPROG=0x7,
HALFBIAS=0x1

 1.52  µs

OPA0/OPA1 BIASPROG=0x0,
HALFBIAS=0x1

 12.74  µs

OPA2 BIASPROG=0xF,
HALFBIAS=0x0

 0.09  µs

OPA2 BIASPROG=0x7,
HALFBIAS=0x1

 0.13  µs

PUOPAMP Power-up Time

OPA2 BIASPROG=0x0,
HALFBIAS=0x1

 0.17  µs

Vout=1V, RESSEL=0,
0.1 Hz<f<10 kHz, OPAx-
HCMDIS=0

 101  µVRMS

Vout=1V, RESSEL=0,
0.1 Hz<f<10 kHz, OPAx-
HCMDIS=1

 141  µVRMS

Vout=1V, RESSEL=0, 0.1
Hz<f<1 MHz, OPAxHCMDIS=0

 196  µVRMS

Vout=1V, RESSEL=0, 0.1
Hz<f<1 MHz, OPAxHCMDIS=1

 229  µVRMS

RESSEL=7, 0.1 Hz<f<10 kHz,
OPAxHCMDIS=0

 1230  µVRMS

RESSEL=7, 0.1 Hz<f<10 kHz,
OPAxHCMDIS=1

 2130  µVRMS

RESSEL=7, 0.1 Hz<f<1 MHz,
OPAxHCMDIS=0

 1630  µVRMS

NOPAMP Voltage Noise

RESSEL=7, 0.1 Hz<f<1 MHz,
OPAxHCMDIS=1

 2590  µVRMS

Figure 3.24.  OPAMP Common Mode Rejection Ratio
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Figure 3.28.  OPAMP Voltage Noise Spectral Density (Non-Unity Gain)
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3.13 Analog Comparator (ACMP)

Table 3.17. ACMP

Symbol Parameter Condition Min Typ Max Unit

VACMPIN Input voltage range  0  VDD V

VACMPCM ACMP Common
Mode voltage range

 0  VDD V

BIASPROG=0b0000, FULL-
BIAS=0 and HALFBIAS=1 in
ACMPn_CTRL register

 0.1 0.6 µA

BIASPROG=0b1111, FULL-
BIAS=0 and HALFBIAS=0 in
ACMPn_CTRL register

 2.87 12 µA
IACMP Active current

BIASPROG=0b1111, FULL-
BIAS=1 and HALFBIAS=0 in
ACMPn_CTRL register

 195 520 µA

Internal voltage reference off.
Using external voltage refer-
ence

 0.0 0.5 µA

IACMPREF

Current consump-
tion of internal volt-
age reference

Internal voltage reference  2.15 3.00 µA

VACMPOFFSET Offset voltage BIASPROG= 0b1010, FULL-
BIAS=0 and HALFBIAS=0 in
ACMPn_CTRL register

-12 0 12 mV

VACMPHYST ACMP hysteresis Programmable  17  mV

CSRESSEL=0b00 in
ACMPn_INPUTSEL

 39  kOhm

CSRESSEL=0b01 in
ACMPn_INPUTSEL

 71  kOhm

CSRESSEL=0b10 in
ACMPn_INPUTSEL

 104  kOhm
RCSRES

Capacitive Sense
Internal Resistance

CSRESSEL=0b11 in
ACMPn_INPUTSEL

 136  kOhm

tACMPSTART Startup time    10 µs

The total ACMP current is the sum of the contributions from the ACMP and its internal voltage reference
as given in Equation 3.1 (p. 40) . IACMPREF is zero if an external voltage reference is used.

Total ACMP Active Current

 IACMPTOTAL = IACMP + IACMPREF  (3.1)
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Figure 3.29.  ACMP Characteristics, Vdd = 3V, Temp = 25°C, FULLBIAS = 0, HALFBIAS = 1
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QFP64 Pin#
and Name

Pin Alternate Functionality / Description
P

in
 # Pin Name Analog Timers Communication Other

58 PE9     

59 PE10  TIM1_CC0 #1 US0_TX #0 BOOT_TX

60 PE11  TIM1_CC1 #1 US0_RX #0
LES_ALTEX5 #0

BOOT_RX

61 PE12  TIM1_CC2 #1
US0_RX #3
US0_CLK #0
I2C0_SDA #6

CMU_CLK1 #2
LES_ALTEX6 #0

62 PE13   
US0_TX #3
US0_CS #0

I2C0_SCL #6

LES_ALTEX7 #0
ACMP0_O #0

GPIO_EM4WU5

63 PE14   LEU0_TX #2  

64 PE15   LEU0_RX #2  

4.2 Alternate Functionality Pinout

A wide selection of alternate functionality is available for multiplexing to various pins. This is shown in
Table 4.2 (p. 48) . The table shows the name of the alternate functionality in the first column, followed
by columns showing the possible LOCATION bitfield settings.

Note
Some functionality, such as analog interfaces, do not have alternate settings or a LOCA-
TION bitfield. In these cases, the pinout is shown in the column corresponding to LOCA-
TION 0.

Table 4.2. Alternate functionality overview

Alternate LOCATION

Functionality 0 1 2 3 4 5 6 Description

ACMP0_CH0 PC0       Analog comparator ACMP0, channel 0.

ACMP0_CH1 PC1       Analog comparator ACMP0, channel 1.

ACMP0_CH2 PC2       Analog comparator ACMP0, channel 2.

ACMP0_CH3 PC3       Analog comparator ACMP0, channel 3.

ACMP0_CH4 PC4       Analog comparator ACMP0, channel 4.

ACMP0_CH5 PC5       Analog comparator ACMP0, channel 5.

ACMP0_CH6 PC6       Analog comparator ACMP0, channel 6.

ACMP0_CH7 PC7       Analog comparator ACMP0, channel 7.

ACMP0_O PE13  PD6     Analog comparator ACMP0, digital output.

ACMP1_CH0 PC8       Analog comparator ACMP1, channel 0.

ACMP1_CH1 PC9       Analog comparator ACMP1, channel 1.

ACMP1_CH2 PC10       Analog comparator ACMP1, channel 2.

ACMP1_CH3 PC11       Analog comparator ACMP1, channel 3.

ACMP1_CH4 PC12       Analog comparator ACMP1, channel 4.

ACMP1_CH5 PC13       Analog comparator ACMP1, channel 5.

ACMP1_CH6 PC14       Analog comparator ACMP1, channel 6.

ACMP1_CH7 PC15       Analog comparator ACMP1, channel 7.
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Figure 4.2. Opamp Pinout
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4.5 TQFP64 Package

Figure 4.3. TQFP64

Note:

1. All dimensions & tolerancing confirm to ASME Y14.5M-1994.
2. The top package body size may be smaller than the bottom package body size.
3. Datum 'A,B', and 'B' to be determined at datum plane 'H'.
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4. To be determined at seating place 'C'.
5. Dimension 'D1' and 'E1' do not include mold protrusions. Allowable protrusion is 0.25mm per side.

'D1' and 'E1' are maximum plastic body size dimension including mold mismatch. Dimension 'D1' and
'E1' shall be determined at datum plane 'H'.

6. Detail of Pin 1 indicatifier are option all but must be located within the zone indicated.
7. Dimension 'b' does not include dambar protrusion. Allowable dambar protrusion shall not cause the

lead width to exceed the maximum 'b' dimension by more than 0.08 mm. Dambar can not be located
on the lower radius or the foot. Minimum space between protrusion and an adjacent lead is 0.07 mm

8. Exact shape of each corner is optional.
9. These dimension apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
10.All dimensions are in millimeters.

Table 4.4. QFP64 (Dimensions in mm)

DIM MIN NOM MAX DIM MIN NOM MAX

A - 1.10 1.20 L1 -

A1 0.05 - 0.15 R1 0.08 - -

A2 0.95 1.00 1.05 R2 0.08 - 0.20

b 0.17 0.22 0.27 S 0.20 - -

b1 0.17 0.20 0.23 θ 0° 3.5° 7°

c 0.09 - 0.20 θ1 0° - -

C1 0.09 - 0.16 θ2 11° 12° 13°

D 12.0 BSC θ3 11° 12° 13°

D1 10.0 BSC

e 0.50 BSC

E 12.0 BSC

E1 10.0 BSC

L 0.45 0.60 0.75

The TQFP64 Package is 10 by 10 mm in size and has a 0.5 mm pin pitch.

The TQFP64 Package uses Nickel-Palladium-Gold preplated leadframe.

All EFM32 packages are RoHS compliant and free of Bromine (Br) and Antimony (Sb).

For additional Quality and Environmental information, please see:
http://www.silabs.com/support/quality/pages/default.aspx
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5 PCB Layout and Soldering

5.1 Recommended PCB Layout

Figure 5.1. TQFP64 PCB Land Pattern
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Table 5.1. QFP64 PCB Land Pattern Dimensions (Dimensions in mm)

Symbol Dim. (mm) Symbol Pin number Symbol Pin number

a 1.60 P1 1 P6 48

b 0.30 P2 16 P7 49

c 0.50 P3 17 P8 64

d 11.50 P4 32 - -

e 11.50 P5 33 - -
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Figure 5.3. TQFP64 PCB Stencil Design
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Table 5.3. QFP64 PCB Stencil Design Dimensions (Dimensions in mm)

Symbol Dim. (mm)

a 1.50

b 0.20

c 0.50

d 11.50

e 11.50

1. The drawings are not to scale.
2. All dimensions are in millimeters.
3. All drawings are subject to change without notice.
4. The PCB Land Pattern drawing is in compliance with IPC-7351B.
5. Stencil thickness 0.125 mm.
6. For detailed pin-positioning, see Figure 4.3 (p. 52) .

5.2 Soldering Information

The latest IPC/JEDEC J-STD-020 recommendations for Pb-Free reflow soldering should be followed.

The packages have a Moisture Sensitivity Level rating of 3, please see the latest IPC/JEDEC J-STD-033
standard for MSL description and level 3 bake conditions.
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