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What is "Embedded - Microcontrollers"?
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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,
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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.
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Microcontrollers"
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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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Low Power Oscillator (LPOSC0)

Oscillator Frequency fLPOSC Full Temperature and 
Supply Range

19 20 21 MHz

TA = 25 °C,
VDD = 3.3 V

19.5 20 20.5 MHz

Divided Oscillator Frequency fLPOSCD Full Temperature and 
Supply Range

2.375 2.5 2.625 MHz

Power Supply Sensitivity PSSLPOSC TA = 25 °C — 0.5 — %/V

Temperature Sensitivity TSLPOSC VDD = 3.3 V — 55 — ppm/°C

Low Frequency Oscillator (LFOSC0)

Oscillator Frequency fLFOSC Full Temperature and 
Supply Range

13.4 16.4 19.7 kHz

TA = 25 °C,
VDD = 3.3 V

15.8 16.4 17.3 kHz

Power Supply Sensitivity PSSLFOSC TA = 25 °C — 2.4 — %/V

Temperature Sensitivity TSLFOSC VDD = 3.3 V — 0.2 — %/°C

RTC0 Oscillator (RTC0OSC)

Missing Clock Detector Trigger 
Frequency

fRTCMCD — 8 15 kHz

RTC Robust Duty Cycle Range DCRTC 25 — 55 %

Table 3.9. External Oscillator

Parameter Symbol Test Condition Min Typ Max Unit

External Input CMOS Clock
Frequency*

fCMOS 0 — 50 MHz

External Input CMOS Clock High Time tCMOSH 9 — — ns

External Input CMOS Clock Low Time tCMOSL 9 — — ns

External Crystal Clock Frequency fXTAL 0.01 — 30 MHz

*Note:  Minimum of 10 kHz during debug operations.

Table 3.8. Internal Oscillators (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

*Note:  PLL0OSC in free-running oscillator mode.
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Table 3.10. SAR ADC 

Parameter Symbol Test Condition Min Typ Max Unit

Resolution Nbits 12 Bit Mode 12 Bits

10 Bit Mode 10 Bits

Supply Voltage Requirements
(VDD)

VADC High Speed Mode 2.2 — 3.6 V

Low Power Mode 1.8 — 3.6 V

Throughput Rate
(High Speed Mode)

fS 12 Bit Mode — — 250 ksps

10 Bit Mode — — 1 Msps

Throughput Rate
(Low Power Mode)

fS 12 Bit Mode — — 62.5 ksps

10 Bit Mode — — 250 ksps

Tracking Time tTRK High Speed Mode 230 — — ns

Low Power Mode 450 — — ns

SAR Clock Frequency fSAR High Speed Mode — — 16.24 MHz

Low Power Mode — — 4 MHz

Conversion Time tCNV 10-Bit Conversion,
SAR Clock = 16 MHz,
APB Clock = 40 MHz

762.5 ns

Sample/Hold Capacitor CSAR Gain = 1 — 5 — pF

Gain = 0.5 — 2.5 — pF

Input Pin Capacitance CIN High Quality Inputs — 18 — pF

Normal Inputs — 20 — pF

Input Mux Impedance RMUX High Quality Inputs — 300 — 

Normal Inputs — 550 — 

Voltage Reference Range VREF 1 — VDD V

Input Voltage Range1 VIN Gain = 1 0 — VREF V

Gain = 0.5 0 — 2xVREF V

Power Supply Rejection Ratio PSRRADC — 70 — dB

DC Performance

Integral Nonlinearity INL 12 Bit Mode2 — ±1 ±1.9 LSB

10 Bit Mode — ±0.2 ±0.5 LSB

Notes:
1. Absolute input pin voltage is limited by the lower of the supply at VDD and VIO.
2. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
3. The maximum code in 12-bit mode is 0xFFFC. The Slope Error is referenced from the maximum code.
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Table 3.15. Temperature Sensor

Parameter Symbol Test Condition Min Typ Max Unit

Offset VOFF TA = 0 °C — 760 — mV

Offset Error* EOFF TA = 0 °C — ±14 — mV

Slope M — 2.8 — mV/°C

Slope Error* EM — ±120 — µV/°C

Linearity — 1 — °C

Turn-on Time — 1.8 — µs

*Note:  Represents one standard deviation from the mean.
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Positive Hysteresis
Mode 3 (CPMD = 11)

HYSCP+ CMPHYP = 00 — 1.4 — mV

CMPHYP = 01 — 4 — mV

CMPHYP = 10 — 8 — mV

CMPHYP = 11 — 16 — mV

Negative Hysteresis
Mode 3 (CPMD = 11)

HYSCP- CMPHYN = 00 — 1.4 — mV

CMPHYN = 01 — –4 — mV

CMPHYN = 10 — –8 — mV

CMPHYN = 11 — –16 — mV

Input Range (CP+ or CP–) VIN –0.25 — VDD+0.25 V

Input Pin Capacitance CCP PB2 Pins — 7.5 — pF

PB3 Pins — 10.5 — pF

Common-Mode Rejection Ratio CMRRCP — 75 — dB

Power Supply Rejection Ratio PSRRCP — 72 — dB

Input Offset Voltage VOFF –10 0 10 mV

Input Offset Tempco TCOFF — 3.5 — µV/°C

Reference DAC Resolution NBits 6 bits

Table 3.16. Comparator (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
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Output Fall Time tF Slew Rate Mode 0, 
VIOHD = 5 V

— 50 — ns

Slew Rate Mode 1, 
VIOHD = 5 V

— 300 — ns

Slew Rate Mode 2, 
VIOHD = 5 V

— 1 — µs

Slew Rate Mode 3, 
VIOHD = 5 V

— 3 — µs

Input High Voltage VIH 1.8 V< VIOHD < 2.0 V 0.7 x VIOHD — — V

2.0 V< VIOHD < 6 V VIOHD – 0.6 — — V

Input Low Voltage VIL — — 0.6 V

N-Channel Sink Current Limit
(2.7 V < VIOHD < 6 V,
VOL = 0.8 V)
See Figure 3.1

ISINKL Mode 0 — 1.75 — mA

Mode 1 — 2.5 —

Mode 2 — 3.5 —

Mode 3 — 4.75 —

Mode 4 — 7 —

Mode 5 — 9.5 —

Mode 6 — 14 —

Mode 7 — 18.75 —

Mode 8 — 28.25 —

Mode 9 — 37.5 —

Mode 10 — 56.25 —

Mode 11 — 75 —

Mode 12 — 112.5 —

Mode 13 — 150 —

Mode 14 — 225 —

Mode 15 — 300 —

Total N-Channel Sink Current on 
P4.0-P4.5 (DC)

ISINKLT — — 400 mA

Table 3.17. Port I/O (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

*Note:  RESET does not drive to logic high. Specifications for RESET VOL adhere to the low drive setting.
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P-Channel Source Current Limit
(2.7 V < VIOHD < 6 V,
VOH = VIOHD – 0.8 V)
See Figure 3.2

ISRCL Mode 0 — 0.8 — mA

Mode 1 — 1.25 —

Mode 2 — 1.75 —

Mode 3 — 2.5 —

Mode 4 — 3.5 —

Mode 5 — 4.75 —

Mode 6 — 7 —

Mode 7 — 9.5 —

Mode 8 — 14 —

Mode 9 — 18.75 —

Mode 10 — 28.25 —

Mode 11 — 37.5 —

Mode 12 — 56.25 —

Mode 13 — 75 —

Mode 14 — 112.5 —

Mode 15 — 150 —

Total P-Channel Source Current on 
P4.0-P4.5 (DC)

ISRCLT — — 400 mA

Pin Capacitance CIO — 30 — pF

Weak Pull-Up Current in Low Volt-
age Mode

IPU VIOHD = 1.8 V –6 –3.5 –2 µA

VIOHD = 3.6 V –30 –20 –10 µA

Weak Pull-Up Current in High Volt-
age Mode

IPU VIOHD = 2.7 V –15 –10 –5 µA

VIOHD = 6 V –30 –20 –10 µA

Input Leakage (Pullups off) ILK –1 — 1 µA

Table 3.17. Port I/O (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

*Note:  RESET does not drive to logic high. Specifications for RESET VOL adhere to the low drive setting.



SiM3C1xx

28 Rev.1.0

Figure 3.1. Maximum Sink Current vs. PB4.x Pin Voltage

Figure 3.2. Maximum Source Current vs. PB4.x Pin Voltage
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volatile data storage and allowing field upgrades of the firmware. User firmware has complete control of all 
peripherals and may individually shut down and gate the clocks of any or all peripherals for power savings.

The on-chip debugging interface (SWJ-DP) allows non-intrusive (uses no on-chip resources), full speed, in-circuit 
debugging using the production MCU installed in the final application. This debug logic supports inspection and 
modification of memory and registers, setting breakpoints, single stepping, and run and halt commands. All analog 
and digital peripherals are fully functional while debugging.

Each device is specified for 1.8 to 3.6 V operation over the industrial temperature range (–40 to +85 °C). The Port 
I/O and RESET pins are powered from the IO supply voltage. The SiM3C1xx devices are available in 40-pin or 64-
pin QFN, 64-pin or 80-pin TQFP, or 92-pin LGA packages. All package options are lead-free and RoHS compliant. 
See Table 5.1 for ordering information. A block diagram is included in Figure 4.1.

Figure 4.1. Precision32™ SiM3C1xx Family Block Diagram
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4.4.  Data Peripherals
4.4.1. 16-Channel DMA Controller

The DMA facilitates autonomous peripheral operation, allowing the core to finish tasks more quickly without 
spending time polling or waiting for peripherals to interrupt. This helps reduce the overall power consumption of the 
system, as the device can spend more time in low-power modes.

The DMA controller has the following features:

Utilizes ARM PrimeCell uDMA architecture. 

Implements 16 channels.

DMA crossbar supports SARADC0, SARADC1, IDAC0, IDAC1, I2C0, I2S0, SPI0, SPI1, USART0, 
USART1, AES0, EPCA0, external pin triggers, and timers.

Supports primary, alternate, and scatter-gather data structures to implement various types of transfers.

Access allowed to all AHB and APB memory space.

4.4.2. 128/192/256-bit Hardware AES Encryption (AES0)

The basic AES block cipher is implemented in hardware. The integrated hardware support for Cipher Block 
Chaining (CBC) and Counter (CTR) algorithms results in identical performance, memory bandwidth, and memory 
footprint between the most basic Electronic Codebook (ECB) algorithm and these more complex algorithms. This 
hardware accelerator translates to more core bandwidth available for other functions or a power savings for low-
power applications.

The AES module includes the following features:

Operates on 4-word (16-byte) blocks.

Supports key sizes of 128, 192, and 256 bits for both encryption and decryption.

Generates the round key for decryption operations.

All cipher operations can be performed without any firmware intervention for a set of 4-word blocks (up to 
32 kB).

Support for various chained and stream-ciphering configurations with XOR paths on both the input and 
output.

Internal 4-word FIFOs to facilitate DMA operations.

Integrated key storage.

Hardware acceleration for Cipher-Block Chaining (CBC) and Counter (CTR) algorithms utilizing integrated 
counterblock generation and previous-block caching.

4.4.3. 16/32-bit CRC (CRC0)

The CRC module is designed to provide hardware calculations for Flash memory verification and communications 
protocols.

The CRC module supports four common polynomials. The supported 32-bit polynomial is 0x04C11DB7 (IEEE 
802.3). The three supported 16-bit polynomials are 0x1021 (CCITT-16), 0x3D65 (IEC16-MBus), and 0x8005 
(ZigBee, 802.15.4, and USB).

The CRC module includes the following features:

Support for four common polynomials (one 32-bit and three 16-bit options).

Byte-level bit reversal for the CRC input.

Byte-order reorientation of words for the CRC input.

Word or half-word bit reversal of the CRC result.

Ability to configure and seed an operation in a single register write.

Support for single-cycle parallel (unrolled) CRC computation for 32- or 8-bit blocks.

Capability to CRC 32 bits of data per peripheral bus (APB) clock.

Support for DMA writes using firmware request mode.
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Internal transmit and receive FIFOs with flush capability and support for byte, half-word, and word reads 
and writes.

Data bit lengths from 5 to 9 bits.

Programmable inter-packet transmit delays.

Auto-baud detection with support for the LIN SYNC byte.

Automatic parity generation (with enable).

Automatic start and stop generation.

Transmit and receive hardware flow-control.

Independent inversion correction for TX, RX, RTS, and CTS signals.

IrDA modulation and demodulation with programmable pulse widths.

Smartcard ACK/NACK support.

Parity error, frame error, overrun, and underrun detection.

Multi-master and half-duplex support.

Multiple loop-back modes supported.

4.6.4. SPI (SPI0, SPI1)

SPI is a 3- or 4-wire communication interface that includes a clock, input data, output data, and an optional select 
signal.

The SPI module includes the following features:

Supports 3- or 4-wire master or slave modes.

Supports up to 10 MHz clock in master mode and 5 MHz clock in slave mode.

Support for all clock phase and slave select (NSS) polarity modes.

16-bit programmable clock rate.

Programmable MSB-first or LSB-first shifting.

8-byte FIFO buffers for both transmit and receive data paths to support high speed transfers.

Programmable FIFO threshold level to request data service for DMA transfers.

Support for multiple masters on the same data lines.

4.6.5. I2C (I2C0, I2C1)

The I2C interface is a two-wire, bi-directional serial bus. The two clock and data signals operate in open-drain 
mode with external pull-ups to support automatic bus arbitration.

Reads and writes to the interface are byte oriented with the I2C interface autonomously controlling the serial 
transfer of the data. Data can be transferred at up to 1/8th of the APB clock as a master or slave, which can be 
faster than allowed by the I2C specification, depending on the clock source used. A method of extending the clock-
low duration is available to accommodate devices with different speed capabilities on the same bus.

The I2C interface may operate as a master and/or slave, and may function on a bus with multiple masters. The I2C 
provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic, and start/
stop control and generation.

The I2C module includes the following features:

Standard (up to 100 kbps) and Fast (400 kbps) transfer speeds.

Can operate down to APB clock divided by 32768 or up to APB clock divided by 8.

Support for master, slave, and multi-master modes.

Hardware synchronization and arbitration for multi-master mode.

Clock low extending (clock stretching) to interface with faster masters.

Hardware support for 7-bit slave and general call address recognition.

Firmware support for 10-bit slave address decoding.

Ability to disable all slave states.

Programmable clock high and low period.

Programmable data setup/hold times.
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4.7.  Analog
4.7.1. 12-Bit Analog-to-Digital Converters (SARADC0, SARADC1)

The SARADC0 and SARADC1 modules on SiM3C1xx devices are Successive Approximation Register (SAR) 
Analog to Digital Converters (ADCs). The key features of the SARADC module are:

Single-ended 12-bit and 10-bit modes.

Supports an output update rate of 250 k samples per second in 12-bit mode or 1 M samples per second in 
10-bit mode.

Operation in low power modes at lower conversion speeds.

Selectable asynchronous hardware conversion trigger with hardware channel select.

Output data window comparator allows automatic range checking.

Support for Burst Mode, which produces one set of accumulated data per conversion-start trigger with 
programmable power-on settling and tracking time.

Conversion complete, multiple conversion complete, and FIFO overflow and underflow flags and interrupts 
supported.

Flexible output data formatting.

Sequencer allows up to 8 sources to be automatically scanned using one of four channel characteristic 
profiles without software intervention.

Eight-word conversion data FIFO for DMA operations.

Multiple SARADC modules can work together synchronously or by interleaving samples.

Includes two internal references (1.65 V fast-settling, 1.2/2.4 V precision), support for an external 
reference, and support for an external signal ground.

4.7.2. Sample Sync Generator (SSG0)

The SSG module includes a phase counter and a pulse generator. The phase counter is a 4-bit free-running 
counter clocked from the SARADC module clock. Counting-up from zero, the phase counter marks sixteen equally-
spaced events for any number of SARADC modules.  The ADCs can use this phase counter to start a conversion. 
The programmable pulse generator creates a 50% duty cycle pulse with a period of 16 phase counter ticks.  Up to 
four programmable outputs available to external devices can be driven by the pulse generator with programmable 
polarity and a defined output setting when the pulse generator is stopped.

The Sample Sync Generator module has the following features:

Connects multiple modules together to perform synchronized actions.

Outputs a clock synchronized to the internal sampling clock used by any number of SARADC modules to 
pins for use by external devices. 

Includes a phase counter, pulse generator, and up to four programmable outputs.

4.7.3. 10-Bit Digital-to-Analog Converter (IDAC0, IDAC1)

The IDAC takes a digital value as an input and outputs a proportional constant current on a pin. The IDAC module 
includes the following features:

10-bit current DAC with support for four timer, up to seven external I/O, on demand, and SSG0 output 
update triggers.

Ability to update on rising, falling, or both edges for any of the external I/O trigger sources (DACnTx).

Supports an output update rate greater than 600 k samples per second.

Support for three full-scale output modes: 0.5 mA, 1.0 mA and 2.0 mA.

Four-word FIFO to aid with high-speed waveform generation or DMA interactions. 

Individual FIFO overrun, underrun, and went-empty interrupt status sources.

Support for multiple data packing formats, including: single 10-bit sample per word, dual 10-bit samples per 
word, or four 8-bit samples per word.

Support for left- and right-justified data.
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5.  Ordering Information

Figure 5.1. SiM3C1xx Part Numbering

All devices in the SiM3C1xx family have the following features:

Core: ARM Cortex-M3 with maximum operating frequency of 80 MHz.

Flash Program Memory: 32-256 kB, in-system programmable.

RAM: 8–32 kB SRAM, with 4 kB retention SRAM

I/O: Up to 65 multifunction I/O pins, including high-drive and 5 V-tolerant pins.

Clock Sources: Internal and external oscillator options.

16-Channel DMA Controller.

128/192/256-bit AES.

16/32-bit CRC.

Timers: 2 x 32-bit (4 x 16-bit).

Real-Time Clock.

Low-Power Timer.

PCA: 1 x 6 channels (Enhanced), 2 x 2 channels (Standard). PWM, capture, and clock generation 
capabilites.

ADC: 2 x 12-bit 250 ksps (10-bit 1 Msps) SAR.

DAC: 2 x 10-bit IDAC.

Temperature Sensor.

Internal VREF.

16-channel Capacitive Sensing (CAPSENSE).

Comparator: 2 x low current.

Current to Voltage Converter (IVC).

Serial Buses: 2 x USART, 2 x UART, 3 x SPI, 2 x I2C, 1 x I2S.

The inclusion of some features varies across different members of the device family. The differences are detailed in 
Table 5.1.

Si  M3 C 1 4 4 – B GM–

Silicon Labs

Core – M3 (Cortex M3)

Family – U (USB), C (Core)

Feature Set – varies by family

Memory Size – 3 (32 kB), 4 (64 kB), 5 (128 kB), 6 (256 kB)

Pin Count – 4 (40 pin), 6 (64 pin), 7 (80 or 92 pin)

Revision

Temperature Grade and Package Type
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6.  Pin Definitions and Packaging Information

6.1.  SiM3C1x7 Pin Definitions

Figure 6.1. SiM3C1x7-GQ Pinout
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PB3.9 5 V Tolerant I/O 7 XBR1  BE0 DAC0T6
DAC1T6
LPT0T2
INT0.10
INT1.10

WAKE.15

CMP0N.5
CMP1N.5
EXREGBD

PB4.0 High Drive I/O 6 LSO0

PB4.1 High Drive I/O 5 LSO1

PB4.2 High Drive I/O 4 LSO2

PB4.3 High Drive I/O 1 LSO3

Table 6.2. Pin Definitions and alternate functions for SiM3C1x6 (Continued)

Pin Name Type
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Table 6.3. Pin Definitions and Alternate Functions for SiM3C1x4 

Pin Name Type

P
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VSS Ground 14

VDD Power (Core) 35

VIO Power (I/O) 13

VREGIN Power (Regulator) 36

VSSHD Ground (High Drive) 2

VIOHD Power (High Drive) 3

RESET Active-low Reset 40

SWCLK Serial Wire 24

SWDIO Serial Wire 23

PB0.0 Standard I/O 34 XBR0  ADC0.8
CS0.7
RTC1

PB0.1 Standard I/O 33 XBR0  RTC2

PB0.2 Standard I/O 32 XBR0  ADC0.9
CS0.0

VREFGND

PB0.3 Standard I/O 31 XBR0  ADC0.10
CS0.1
VREF

PB0.4 Standard I/O 30 XBR0  ADC1.6
CS0.2
IDAC0

PB0.5 Standard I/O 29 IDAC1

PB0.6 Standard I/O 28 XBR0  ADC0.0
CS0.3
XTAL1

PB0.7 Standard I/O 27 XBR0  ADC0.1
CS0.4
XTAL2
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Figure 6.7. LGA-92 Landing Diagram

Table 6.5. LGA-92 Landing Diagram Dimensions

Dimension Typical Max

C1 6.50 —

C2 6.50 —

e 0.50 —

f — 0.35

P1 — 3.20

P2 — 3.20

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise 

noted.
2. All feature sizes shown are at Maximum Material Condition (MMC) 

and a card fabrication tolerance of 0.05 mm is assumed.
3. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 

specification.
4. This land pattern design is based on the IPC-7351 guidelines.
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Figure 6.9. TQFP-80 Landing Diagram

Table 6.7. TQFP-80 Landing Diagram Dimensions

Dimension Min Max

C1 13.30 13.40

C2 13.30 13.40

E 0.50 BSC

X 0.20 0.30

Y 1.40 1.50

Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise 

noted.
2. This land pattern design is based on the IPC-7351 guidelines. 
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6.7.  TQFP-64 Package Specifications

Figure 6.12. TQFP-64 Package Drawing

Table 6.10. TQFP-64 Package Dimensions 

Dimension Min Nominal Max

A — — 1.20

A1 0.05 — 0.15

A2 0.95 1.00 1.05

b 0.17 0.22 0.27

c 0.09 — 0.20

D 12.00 BSC

D1 10.00 BSC

e 0.50 BSC

E 12.00 BSC

E1 10.00 BSC

L 0.45 0.60 0.75

 0° 3.5° 7°
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