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High-Performance, Low-Power, 32-Bit Precision32™

MCU Family with up to 256 kB of Flash

32-bit ARM Cortex-M3 CPU

- 50 MHz maximum frequency

- Single-cycle multiplication, hardware division support

= Nested vectored interrupt control (NVIC) with 8 priority levels

Memory
-4 32<256 kB flash, in-system programmable
- £8-32 kB_SRAM with configurable low power retention

Clock/Sources

- Internal oscillator with PLL: 23-50 MHz

- Low powerinternal oscillator: 20 MHz

- Low frequeneyrinternal oscillator (LFO): 16.4 kHz
- External real-time clock (RTC) crystal oscillator

- External oscillator: Crystal,/RC, C, CMOS clock

Power Management

- Three adjustable low drop-out (LDO) regulators

- Power-on reset circuit and brownout detectors

- DC-DC buck converter allows dynamic voltage scaling for
maximum efficiency (250 mW output)

- Multiple power modes supported for low power,optimization

Low Power Features

- 75 nA typical current in Power Mode 8

- Low-current RTC (180 nA from LFO, 300 nA from crystal)

- 4 ps wakeup, register state retention and no reset required from
lowest power mode

- 175 pA/MHz at 3.6 V executing from flash

- 140 pA/MHz at 3.6 V executing from SRAM

- Specialized on-chip charge pump reduces power consumption

- Process/Voltage/Temperature (PVT) Monitor

5 V Tolerant Flexible I/O

- Up to 62 contiguous 5 V tolerant GPIO with one priority cross-
bar providing flexibility in pin assignments

Temperature Range: —40 to +85 °C
Supply Voltage: 1.8 to 3.8 V

Analog Peripherals

- 12-Bit Analog-to-Digital Converter: Up to 250 ksps 12-bit mode
or 1 Msps 10-bit mode

- 10-Bit Current-mode Digital-to-Analog Converter

- 2 x Low-current comparators

Digital and Communication Peripherals

- 1 x USART with IrDA and ISO7816 Smartcard support

1 x UART that operates in low power mode

- 2xSPls, 1x12C, 16/32-bit CRC

- 128/192/256-bit Hardware AES Encryption

- Encoder/Decoder: Manchester and Three-out-of-Six

- Integrated LCD Controller: up to 160 segments (40x4), auto-
contrast and low power operation

Timers/Counters

- 3 x 32-bit or 6 x 16-bit timers with capture/compare

- 16-bit, 6-channel counter with capture/compare/PWM and
dead-time controller with differential outputs

- 16-bit low power timer/advanced capture counter operational in
the lowest power mode

- 32-bit real time clock (RTC) with multiple alarms

- Watchdog timer

- Low power mode advanced capture counter (ACCTR)

Data Transfer Peripherals
- 10-Channel DMA Controller

-\ 3 Channel Data Transfer Manager manages complex DMA
transfers without core intervention

On-Chip Debugging

- Serial wire debug (SWD) with serial wire viewer (SWV) or JTAG
(no'boundary;scan) allow debug and programming

- Cortex-M3 embedded trace macrocell (ETM)

Package Options
- QFN options: 40-pin(6 x.6 mm), 64-pin (9 x 9 mm)
- TQFP options: 64-pin (10.x'10 mm), 80-pin (12 x 12 mm)
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1. Related Documents and Conventions

1.1. Related Documents
This data sheet accompanies several documents to provide the complete description of the SiM3L1xx devices.
1.1.1. SiM3L1xx Reference Manual

The Silicon Laboratories SiM3L1xx Reference Manual provides the detailed description for each peripheral on the
SiM3L1xx devices.

1.12. Hardware Access Layer (HAL) API Description

The Silicon, Laboratories Hardware Access Layer (HAL) API provides C-language functions to modify and read
each bit in the SiM3L1xx devices. This description can be found in the SiM3xxxx HAL API Reference Manual.

1.1.3. ARM Cortex-M3 Reference Manual

The ARM-specificifeatures like the Nested Vectored Interrupt Controller are described in the ARM Cortex-M3
reference documentation., The online reference manual can be found here:
http://infocenter.arm.com/help/topic/com.arm.doc.subset.cortexm.m3/index.html#cortexm3.

1.2. Conventions
The block diagrams in this document use the following formatting conventions:

Internal Module
Other Internal .| External Memory
Peripheral Block - Block
A
DMA Block Memory Block External to MCU
Block
Input_Pin D4 > »Pq Output_Pin
Functional Block
Internal_Input_Signal > » Internal_Output_Signal
A
REGn_NAME / BIT_NAME
Figure 1.1. Block Diagram Conventions
) Rev 1.2 5
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2. Typical Connection Diagrams

This section provides typical connection diagrams for SiM3L1xx devices.

2.1. Power

Figure 2.1 shows a typical connection diagram for the power pins of the SiM3L1xx devices when the dc-dc buck

converter is not used.

1 uF and 0.1 uF bypass
capacitors fequiredfor
each power pin placed
as close to the pins as

VIORF

VIO

DC-DC
Converter

SiM3L1xx Device

IND

VBAT/VBATDC

VLCD
L Regulator
(LDOO0)

]

Low Dropout

VvDC

VDRV

L- — 10 uF capacitor required

on the VLCD pin

Figure 2.1. Connection/Diagram with DC-DC Converter Unused

Figure 2.2 shows a typical connection diagram for the\power pins of the SiM3L1xx devices when the internal dc-dc
buck converter is in use and I/O are powered directly.from'the battery.

1 uF and 0.1 uF bypass
capacitors required for
each power pin placed
as close to the pins as
possible.

SiM3L1xx Deyice

4.7,0.1,and 0.01 uF | VIORF

bypass capacitors vio
VBAT/VBATDC input

[VBAT/VBATDC

VLCD

10 uF capacitor required

0.56 uH inductor

IND and VDC pins

} required between the

DC-DC IND
Converter
VvDC
> to external
Y » circuitry
I IJ VDRV
Low Dropout
Regulator
(LDOO)

on the VLCD pin

2.2,0.1,and 0.01 uF

/(=== <¢> bypass capacitors
required on VDC output

Figure 2.2. Connection Diagram with DC-DC Converter Used and 1/0 Powered from Battery

Figure 2.3 shows a typical connection diagram for the power pins of the SiM3L1xx devices when used with an

external radio device like the Silicon Labs EZRadio® or EZRadioPRO® devices.

SILICON LABS
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1 uF and 0.1 uF bypass SiM3L1xx Device

capacitors required for
each 1/O power pin

nY

I r

VBAT/VBATDC
| al
VIO
Low Dropout

4.7,01,and 0.01 uF | 7
' Regulator

0.56 uH inductor
IND required between the
3 IND and VDC pins

DC-DC
Converter

to external
radio

A A A

2.2,0.1,and 0.01 uF

= = = CL) bypass capacitors
required on VDC output

bypass capagitors L
(LDOO)

required on
VBAT/VBATDC input W

1] 1T 1

10 uF capacitor required
capacitors must be on the VLCD pin
placed as close to the
pins_ as possible.

Figure'2:3. Connection Diagram with External Radio Device
Figure 2.4 shows a typical connection diagram for the power pins of the SiM3L1xx devices when the dc-dc buck
converter is used and the I/O are powered separately.

1 uF and 0.1uF,bypass SiM3L1xx Device

capacitors required for
each I/O power pin

0.56 uH inductor

DC-DC IND required between the
IND and VDC pins

Converter

VDC
> = to external
T P VDRy Circuitry
2.2,0.1,and 0.01 uF

Low Dropout
=T 7T <L> bypass capacitors

Regulator -
LDOO
¢ ) required on VDC output

VBAT/VBATDC

1.8-VBAT V

Y

1.8-VBAT V VIORF

bypass capacitors
required on

VBAT/VBATDC input
“-, VSSDC
T o

- - T 10uF capacitor required
on the VLCD pin

4.7,0.1,and 0.01 uF e I

capacitors must be
placed as close to the
pins as possible.

Figure 2.4. Connection Diagram with DC-DC Converter Used and.l/O Powered Separately
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3. Electrical Specifications

3.1. Electrical Characteristics

All electrical parameters in all Tables are specified under the conditions listed in Table 3.1, unless stated otherwise.

Table 3.1. Recommended Operating Conditions

Parameter Symbol Test Condition Min Typ Max Unit
Operating/Supply Voltage on VAT 1.8 — 3.8 V
VBAT/VBATDC
Operating Supply, Voltage on VDC Vpe 1.25 — 3.8 V
Operating SupplyVVoltage on VDRV VpRry 1.25 — 3.8 Vv
Operating Supply Veltage.on VIO Vio 1.8 — VgaT V
Operation Supply Voltage.on'VIORF VIORF 1.8 — VAT \Y
Operation Supply Voltage on VLECD Vicp 1.8 — 3.8 \%
System Clock Frequency (AHB) fAHB 0 — 50 MHz
Peripheral Clock Frequency (APB) fapB 0 — 50 MHz
Operating Ambient Temperature Ta —40 — +85 °C
Operating Junction Temperature T, —40 — 105 °C

Note: All voltages with respect to Vgg.

Rev 1.2 8
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Table 3.2. Power Consumption

Parameter Symbol Test Condition Min Typ Max Unit
Digital Core Supply Current
Normal Mode"?-34—Full speed lgAT Faug = 49 MHz, — | 175 | 189 | mA
with code executing from flash, Fapg = 24.5 MHz
ipheral clocks ON
RpPgperal cocks Fang = 20 MHz, — 67 | 72 | mA
FAPB =10 MHz
Fang = 2.5 MHz, — 1.15 1.4 mA
FAPB =1.25 MHz
Normal Mode 234 —Full speed IgAT Fang = 49 MHz, — | 133 | 145 | mA
with code executing.fromiflash, Fapg = 24.5 MHz
ipheral clocks OFF
peripheral clocks O Fang = 20 MHz, — | 54 | 59 | mA
FAPB =10 MHz
Fang = 2.5 MHz, — 980 1.2 MA
FAPB =1.25 MHz
Normal Mode"?34—Full speed lgat Faug = 49 MHz, — 9.7 — mA
with code executing from flash, Fapg = 24.5 MHz
LDOs powered by dc-dc at 1.9V, Vgar = 3.3V
peripheral clocks OFF
Fang = 49 MHz, — 8.65 — mA
FAPB =24.5 MHz
VBAT =38V
FAHB =20 MHZ, — 4.15 — mA
FAPB =10 MHz
VBAT =3.3V
FAHB =20 MHZ, — 3.9 — mA
FAPB =10 MHz
VBAT =38V

Notes:
1. Currents are additive. For example, where Igat is specified and the mode is notmutually exclusive, enabling the
functions increases supply current by the specified amount.
Includes all peripherals that cannot have clocks gated in the Clock Control module.
Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply current.
Internal Digital and Memory LDOs scaled to optimal output voltage.
Flash AHB clock turned off.
Running from internal LFO, Includes LFO supply current.
LCDO current does not include switching currents for external load.
IDAC output current not included.
Does not include LC tank circuit.
0. Does not include digital drive current or pullup current for active port I/0. Unloaded ly; g is included in all Iga7 PM8
production test measurements.

2OONDARBN
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Table 3.2. Power Consumption (Continued)
Parameter Symbol Test Condition Min Typ Max Unit
Power Mode 11234 _Full speed lgAT Fapg = 49 MHz, — | 134 | 166 | mA
with code executing from RAM, Fapg = 24.5 MHz
ipheral clocks ON
o orel clocks Farg = 20 MHz, — 47 — | mA
FAPB =10 MHz
Fang = 2.5 MHz, — 810 — MA
FAPB =1.25 MHz
Power Mode 1%2:34—Full speed IgAT Famg = 49 MHz, — 94 | 125 | mA
with code executing from RAM, Fapg = 24.5 MHz
ipheral clocks OFF
peripheral clocks O Farg = 20 MHz, _ 33 _ A
FAPB =10 MHz
FAHB =25 MHZ, — 630 — UA
FAPB =1.25 MHz
Power Mode 11234 —Full speed lgAT Fapg = 49 MHz, — | 705 | — mA
with code executing from RAM, Fapg = 24.5 MHz
LDOs powered by dc-dc at 1.9V, Vgar = 3.3V
peripheral clocks OFF
Fang = 49 MHz, — 6.3 — mA
FAPB =245 MHz
VBAT =38V
FAHB =20 MHZ, — 2.75 — mA
FAPB =10 MHz
VBAT =33V
FAHB =20 MHz, — 2.6 — mA
FAPB =10 MHz
VBAT = 3.8V
Power Mode 2'234%_Core halted |  Igar Famg = 49 MHz, — 76 | 113 | mA
with peripheral clocks ON Fapg = 24.5 MHz
FAHB =20 MHZ, ' 2.75 — mA
FAPB =10 MHz
FAHB =25 MHZ, —3 575 — UA

FAPB =1.25 MHz

Notes:

20ONDARBN

Currents are additive. For example, where Igat is specified and the mode is not mutually exclusive,enabling the
functions increases supply current by the specified amount.

Includes all peripherals that cannot have clocks gated in the Clock Control module.

Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply current.

Internal Digital and Memory LDOs scaled to optimal output voltage.

Flash AHB clock turned off.

Running from internal LFO, Includes LFO supply current.

LCDO current does not include switching currents for external load.

IDAC output current not included.

Does not include LC tank circuit.

. Does not include digital drive current or pullup current for active port I/0. Unloaded ly;g is included in all Igar PM8

production test measurements.
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Table 3.2. Power Consumption (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Power Mode 2'234°_Core halted |  Igar Fapg = 49 MHz, — 4 7.2 mA
with only Port I/O clocks on (wake Fapg = 24.5 MHz
f in).
rom pin) Farg = 20 MHz, — 147 — | mA
FAPB =10 MHz
Fapg = 2.5 MHz, — | 430 — WA
FAPB =1.25 MHz
Power Mode 3%2.5—Fast-Wake loat Vgar = 3.8V — 320 | 530 HA
Mode (PM3CGLKEN = 1) Vgar =18V — 925 — oA
Power Mode 4"24.6_giewer clock | Igar Faug = Fapg = 16 kHz, — 385 | 640 WA
speed with code executing from Vgar =3.8V
flash, peripheral clocks ON
asn, peripneral CloCcks FAHB - FAPB =16 kHZ, _ 330 _ HA
VBAT =18V
Power Mode 5"248_Slower clocks| ) Igar Fapg = Fapg = 16 kHz, — 320 | 490 WA
speed with code executing from Vgar = 3.8V
RAM, peripheral clocks ON
peripneral clocks Farg = Fapg = 16 kHz, — o5 | — | A
VBAT =18V
Power Mode 6'246_—_Core halted lgat Faug = Fapg = 16 kHz, — 315 | 490 HA
with peripheral clocks ON Vgar = 3.8V
FAHB = FAPB =16 kHz, — 270 — HA
VBAT =18V
Power Mode 8"2—Low Power lgaT RTC Disabled, — 75 400 nA
Sleep, powered through VBAT, Tp=25°C
VIO, and VIORF at 2.4 V, 32kB of
retention RAM RTC w/ 16.4 kHZ LFO, — 360 — nA
To=25°C
RTC w/ 32.768 kHz Crystal, — 670 — nA
To=25°C

Notes:
1. Currents are additive. For example, where IgaT is specified and the mode is not muttally ex€lusive, enabling the
functions increases supply current by the specified amount.
Includes all peripherals that cannot have clocks gated in the Clock Control module.
Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply current.
Internal Digital and Memory LDOs scaled to optimal output voltage.
Flash AHB clock turned off.
Running from internal LFO, Includes LFO supply current.
LCDO current does not include switching currents for external load.
IDAC output current not included.
Does not include LC tank circuit.
0. Does not include digital drive current or pullup current for active port I/O. Unloaded Iy, g is included in all Igar PM8
production test measurements.

20ONOARBN
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Table 3.2. Power Consumption (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Power Mode 8'2—Low Power lgaT RTC w/ 16.4 kHz LFO, — 180 — nA
Sleep, powered by the low power Vgar=24V, Ty =25°C
mode charge pump, 32kB of reten-
fioh RAM RTC w/ 32.768 kHz Crystal, — 300 — nA
VBAT =24 V, TA =25°C
RTC w/ 16.4 kHz LFO, — 245 — nA
VBAT =3.8 V, TA =25°C
RTC w/ 32.768 kHz Crystal, — 390 — nA
VBAT =3.8 V, TA =25°C
Unloaded Vg and V|gge Current’™® | Iy0 — 2 — nA
Power Mode 8 Peripheral Currents
UARTO IUARTO VBAT =3.8 V, TA =25°C —_— 195 600 nA
Vear =24V, Tp=25°C — 120 — nA
LCDO’, No segments active I.cpo Var=3.8V, Ty =25°C — 495 660 nA
VBAT =24V, TA =25°C — 395 — nA
LCDO’, All (4 x 40) segments active| | gf0 Vear =38V, Tp=25°C — 800 — nA
Var =24V, Tp=25°C — 580 — nA
Advanced Capture Counter laccTrR Vear=24V, Tp=25°C, — 1.11 — nA/Hz
(ACCTRO), LC Single-Ended CPMD = 01
Mode, I§elatlve to Sampling Fre- Var=3.8V, Ta = 25 °C, . 1.44 _ nA/Hz
quency CPMD'= 01
Vear = 2.4V, Tp 725 °C, — 1.45 — nA/Hz
CPMD =410
Vear = 3.8V, Tp =25 °C; — 1.82 — nA/Hz
CPMD =10
Vear =24V, Tp =25 °C, — 2.15 — nA/Hz
CPMD = 11
Vear = 3.8V, Tp =25 °C, — 2.54 — nA/Hz
CPMD = 11
Notes:

1. Currents are additive. For example, where Igat is specified and the mode is not mutually exclusive, enabling the

functions increases supply current by the specified amount.

Includes all peripherals that cannot have clocks gated in the Clock Control module.

Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply current.

Internal Digital and Memory LDOs scaled to optimal output voltage.

Flash AHB clock turned off.

Running from internal LFO, Includes LFO supply current.

LCDO current does not include switching currents for external load.

IDAC output current not included.

Does not include LC tank circuit.

0. Does not include digital drive current or pullup current for active port I/O. Unloaded |y, is included in all Iga1 PM8
production test measurements.

20ONDPARBN
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Table 3.2. Power Consumption (Continued)

20ONOPARBN

Parameter Symbol Test Condition Min Typ Max Unit
Advanced Capture Counter IaccTR Vgar =24V, Ty = 25 °C, — 1.39 — nA/Hz
(ACCTRO), LC Dual or Quadrature CPMD = 01
Mode, I§elat|ve to Sampling Fre- Vaar= 3.8V, To = 25 °C, . 1.89 _ nA/Hz
R ¢/ CPMD = 01
Vear =24V, Tp =25 °C, — 2.08 — nA/Hz
CPMD =10
Vear = 3.8V, Tp =25 °C, — 2.59 — nA/Hz
CPMD =10
Vear =24V, Tp =25 °C, — 3.47 — nA/Hz
CPMD = 11
Vear = 3.8V, Tp =25 °C, — 4.03 — nA/Hz
CPMD = 11
Analog Peripheral Supply Currents
PLLO Oscillator (PLLOOSC) IpLLosc Operating at 49 MHz — 1.4 1.6 mA
Low-Power Oscillator (LPOSCO) I, Posc Operating at 20 MHz — 25 — MA
Operating at 2.5 MHz — 25 — MA
Low-Frequency Oscillator lLFosc Operating at 16.4 kHz — 190 310 nA
(LFOSCO0)
External Oscillator (EXTOSCO) lExTOosc FREQCN = 111 — 3.8 45 mA
FREQCN = 110 — 840 960 HA
FREQEN.=.101 — 185 230 MA
FREQCN =100 — 65 80 MA
FREQCN =011 — 25 30 MA
FREQCN =010 — 10 13 MA
FREQCN = 001 — 5 7 MA
FREQCN = 000 = 3 5 MA
Notes:

Currents are additive. For example, where IgaT is specified and the mode is not mutually exclusive, enabling the
functions increases supply current by the specified amount.

Includes all peripherals that cannot have clocks gated in the Clock Control module.

Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply current.

Internal Digital and Memory LDOs scaled to optimal output voltage.

Flash AHB clock turned off.

Running from internal LFO, Includes LFO supply current.

LCDO current does not include switching currents for external load.

IDAC output current not included.

Does not include LC tank circuit.

. Does not include digital drive current or pullup current for active port I/0. Unloaded ly;g is included in all Igar PM8

production test measurements.

13
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Table 3.2. Power Consumption (Continued)
Parameter Symbol Test Condition Min Typ Max Unit
SARADCO Isarapc | Sampling at 1 Msps, Internal — 1.2 1.6 mA
VREF used
Sampling at 250 ksps, lowest — 390 540 WA
power mode settings.
Temperature, Sensor ITsENSE — 75 110 MA
Internal’'SAR Reference IREFFS Normal Power Mode — 680 — MA
Normal Power Mode — 160 — MA
VREFO IREFP — 80 — MA
Comparator 0 (CMPO), lcmp CMPMD =11 — 0.5 2 MA
Comparator 1 (CMP1) CMPMD = 10 _ 3 8 LA
CMPMD = 01 — 10 16 MA
CMPMD = 00 — 25 42 MA
IDACO8 =, — 70 100 WA
Voltage Supply Monitor (VMONO) lvmoN — 10 22 MA
Flash Current on VBAT
Write Operation l[FLASH-W — — 8 mA
Erase Operation IFLASH-E — — 15 mA
Notes:

1.

20ONDARBN

Currents are additive. For example, where IgaT is specified and the mode is not mutually exclusive, enabling the
functions increases supply current by the specified amount.

Includes all peripherals that cannot have clocks gated in the Clock Control medule.

Includes LDO and PLLOOSC (>20 MHz) or LPOSCO (<20 MHz) supply curfent.

Internal Digital and Memory LDOs scaled to optimal output voltage.

Flash AHB clock turned off.

Running from internal LFO, Includes LFO supply current.

LCDO current does not include switching currents for external load.

IDAC output current not included.

Does not include LC tank circuit.

. Does not include digital drive current or pullup current for active port /0. Unloaded |y, is included in all Igay PM8

production test measurements.
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Table 3.3. Power Mode Wake Up Times

Parameter Symbol Test Condition Min Typ Max Unit
Power Mode 2 or 6 Wake Time tpm2 4 — 5 clocks
Power Mode 3 Fast Wake Time tPM3FW — 425 — us
(using LLFO as clock source)
Power Mode 8 Wake Time tems — 3.8 — VES

Notes:

1. Wake times are specified as the time from the wake source to the execution phase of the first instruction following WFI.
This‘includes latency to recognize the wake event and fetch the first instruction (assuming wait states = 0).

Table 3.4. Reset.and"Supply Monitor

Parameter Symbol Test Condition Min Typ Max Unit

Vgar High Supply Monitor Threshold | VygatmnH Early Warning — 2.20 — \%
VBATHITHEN = 1
( ) Reset 1.95 2.05 2.1
Vgat Low Supply Monitor Threshold VVBATML Early Warning — 1.85 — \
(VBATHITHEN =0) Reset 170 | 175 | 177 Y,
Power-On Reset (POR) Threshold Vpor |Rising Voltage on Vgar — 1.4 — \Y,
Falling Voltage on 0.8 1 1.3 V
VBAT
Vgar Ramp Time trmP Timeto Vgap>2 1.8 V 10 — 3000 us
Reset Delay from POR tror Relativesto Vgat > 3 — 100 ms
Vpor
Reset Delay from non-POR source trsT Time between release — 10 — VIS
of reset source and
code execution

RESET Low Time to Generate Reset trRsTL 50 — — ns
Missing Clock Detector Response tmep Fapg > 1 MHz — 0.5 1.5 ms
Time (final rising edge to reset)
Missing Clock Detector Trigger Fyvebp — 2.5 10 kHz
Frequency
Vgat Supply Monitor Turn-On Time tvMon — 2 — VIS
15 Rev 1.2
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Table 3.5. On-Chip Regulators

Parameter Symbol Test Condition Min Typ Max Unit
DC-DC Buck Converter
Input Voltage Range Vbein 1.8 — 3.8 \%
Input’Supply to Output Voltage Differ- | Vpcreg 0.45 — — V
ential (for regulation)
Output Voltage Range VpcouT 1.25 — 3.8 \
Output Voltage"Accuracy Vpeace — +25 — mV
Output Current lbcouT — — 90 mA
Inductor Value' Loc 0.47 0.56 0.68 pH
Inductor Current Rating lL.pc lioad < 50 mA 450 — — mA
lioad > 50 mA 550 — — mA
Output Capacitor Value Cpcourt 1 22 10 uF
Input Capacitor Value? NociN — 47 — uF
Load Regulation Rioad — 0.03 — mV/mA
Maximum DC Load Current During IDEMmAX — — 5 mA
Startup
Switching Clock Frequency Focelk 1.9 29 3.8 MHz
Local Oscillator Frequency Focosc 24 29 3.4 MHz
LDO Regulators
Input Voltage Range® V. boIN Sourced from VBAT 1.8 — 3.8 \
Sourced fromVDC 1.9 — 3.8 \Y
Output Voltage Range* Vipo 08 — 1.9 Y%
LDO Output Voltage Accuracy V| pboacc — 25 — mV
Output Settings in PM8 (All LDOs) Vipo 1.8V <Vgar<29V 1.5 \Y
1.95V <Vgar <35V 1.8 \Y
20V <Vgar<38V 19 Vv

Notes:

1. See reference manual for recommended inductors.

. Recommended: X7R or X5R ceramic capacitors with low ESR. Example: Murata GRM21BR71C225K with ESR <10
mQ (@ frequency > 1 MHz).

. Input voltage specification accounts for the internal LDO dropout voltage under the maximum load condition‘to/ensure
that the LDO output voltage will remain at a valid level as long as V| poyn is at or above the specified minimdm:

. The memory LDO output should always be set equal to or lower than the output of the analog LDO. When lowering both

LDOs (for example to go into PM8 under low supply conditions), first adjust the memory LDO and then the analog LDO:
When raising the output of both LDOs, adjust the analog LDO before adjusting the memory LDO.

. Output range represents the programmable output range, and does not reflect the minimum voltage under all

conditions. Dropout when the input supply is close to the output setting is normal, and accounted for.

. Analog peripheral specifications assume a 1.8 V output on the analog LDO.

Rev 1.2 16
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Table 3.5. On-Chip Regulators (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Memory LDO Output Setting® Vi pomem | During Programming 1.8 — 1.9 \Y
During Normal 15 — 1.9 \Y,
Operation
Digital'LDO Output Setting Vi pobi Fang < 20 MHz 1.0 — 1.9 \%
Fang > 20 MHz 1.2 — 1.9 V
Analog LDO Output Setting During VI DOANA 1.8
Normal Operation®
Notes:
1. See reference.manual for recommended inductors.
2. Recommended: X7R or X5R ceramic capacitors with low ESR. Example: Murata GRM21BR71C225K with ESR < 10
mQ (@ frequency> 1.MHz).
3. Input voltage specification accounts for the internal LDO dropout voltage under the maximum load condition to ensure
that the LDO output voltage'wilk remain at a valid level as long as V| _poyn is at or above the specified minimum.
4. The memory LDO output should always be set equal to or lower than the output of the analog LDO. When lowering both
LDOs (for example to go into PM8 under low supply conditions), first adjust the memory LDO and then the analog LDO.
When raising the output of both LDQs,"adjust the analog LDO before adjusting the memory LDO.
5. Output range represents the programmable output range, and does not reflect the minimum voltage under all
conditions. Dropout when the input supply is close to the output setting is normal, and accounted for.
6. Analog peripheral specifications assume a 1.8 \.output on the analog LDO.

17
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Table 3.6. Flash Memory

Parameter Symbol Test Condition Min Typ Max Unit
Write Time' twrite | One 16-bit Half Word 20 21 22 us
Erase Time' terASE One Page 20 21 22 ms
terALL Full Device 20 21 22 ms
Endurance (Write/Erase Cycles) Nwe 20k 100k — Cycles
Retention? tReT Ta =25 °C, 1k Cycles 10 100 — Years
Notes:

1. Does notinclude,sequencing time before and after the write/erase operation, which may take up to 35 ys. During
sequential write operations, this extra time is only taken prior to the first write and after the last write.
2. Additional Data Retention Information is published in the Quarterly Quality and Reliability Report.

SILICON LABS
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Table 3.7. Internal Oscillators

Parameter Symbol Test Condition Min Typ Max Unit
Phase-Locked Loop (PLLOOSC)
Calibrated Output Frequency foLLoosc Full Temperature and | 48.3 49 49.7 MHz
(Free-running output mode, Supply Range
RANGE = 2)
Power Supply\Sensitivity PSSp| L 0osc Tp=25"°C, — 300 — ppm/V
(Free-running‘output mode, Fout = 49 MHz
RANGE =2)
Temperature ‘Sensitivity TSpLLoosc Vgar = 3.3V, — 50 — ppm/°C
(Free-running output mode, Fout = 49 MHz
RANGE = 2)
Adjustable Output Frequency foLLoosc 23 — 50 MHz
Range
Lock Time tPLLOLOCK fREF =20 MHz, — 2.75 — MuSs
feLLoosc = 50 MHz
M=39, N=99,
LOCKTH =0
fREF = 2.5 MHz, — 9.45 — MSs
feLL0osc = 50 MHz
M=19, N=399,
LOCKTH =0
fREF = 32.768 kHz, —_— 92 — uSs
fpLL00sC = 50 MHZ
M=0,"N=1524,
LOCKTH.=0
Low Power Oscillator (LPOSCO0)
Oscillator Frequency fLrosc Full Temperature and 19 20 21 MHz
Supply Range
Divided Oscillator Frequency fLroscD Full Temperature and | 2.375 2.5 2.625 MHz
Supply Range
Power Supply Sensitivity PSS posc Tpo=25°C — 0.5 — %IV
Temperature Sensitivity TS| posc Vgar =33V — 55 = ppm/°C
Low Frequency Oscillator (LFOSCO0)
Oscillator Frequency fLFosc Full Temperature and | 13.4 16.4 197 kHz
Supply Range
Tp =25 °C, 15.8 16.4 17.3 kHz
VBAT =33V
Power Supply Sensitivity PSS, Fosc Tpo=25°C — 24 — Y%
Temperature Sensitivity TS Fosc Vgar =33V — 0.2 — %/°C
19 Rev 1.2 )
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Table 3.7. Internal Oscillators (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

RTCO Oscillator (RTC00SC)
Missing Clock Detector Trigger fRTemep — 8 15 kHz
Frequency
RTC External Input CMOS Clock | frrcexteLk 0 — 40 kHz
Frequency:.
RTC Robust Duty Cycle Range DCrgrTc 25 — 55 %
Table 3.8. External, Oscillator

Parameter Symbol Test Condition Min Typ Max Unit
External Input CMOS Clogk femos 0* — 50 MHz
Frequency
External Crystal Frequency fxAL 0.01 — 25 MHz
External Input CMOS Clock High*Time | .tcmosH 9 — — ns
External Input CMOS Clock Low Time\,| tcmostL 9 — — ns
Low Power Mode Charge Pump VAT 24 — 3.8 \%
Supply Range (input from VgaT)
*Note: Minimum of 10 kHz when debugging.

) Rev 1.2 20
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Table 3.9. 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 Vapc High Speed Mode 2.2 — 3.8 Vv
(VBAT) Low Power Mode 1.8 — 3.8 \Y
Throughput Rate fg 12 Bit Mode — — 250 ksps
(High Speed Mode) 10 Bit Mode — — 1 Msps
Throughput Rate fs 12 Bit Mode — — 62.5 ksps
(Low Power Mode) 10 Bit Mode — | — | 250 | ksps
Tracking Time trrK 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 teNy 10-Bit Conversion, 762.5 ns
SAR Clock = 16 MHz,
APB Clock = 40 MHz
Sample/Hold Capacitor Csar Gain =1 — 5 — pF
Gain =.0:5 — 2.5 — pF
Input Pin Capacitance CiN High QualityInputs — 18 — pF
Normal Inputs — 20 — pF
Input Mux Impedance Rmux High Quality Inputs — 300 — Q
Normal Inputs — 550 — Q
Voltage Reference Range VREE 1 — VAT \Y
Input Voltage Range* VN Gain =1 0 — VREF \Y
Gain = 0.5 0 — |2xVRer \
Power Supply Rejection Ratio PSRRapc — 70 — dB
DC Performance
Integral Nonlinearity INL 12 Bit Mode — 11 1.9 LSB
10 Bit Mode — $0.2 +0.5 LSB
Differential Nonlinearity DNL 12 Bit Mode -1 0.7 1.8 LSB
(Guaranteed Monotonic) 10 Bit Mode — | 102 | 05 | LSB
Offset Error (using VREFGND) Eorr 12 Bit Mode, VREF = 2.4V -2 0 2 LSB
10 Bit Mode, VREF = 2.4V -1 0 1 LSB

21
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Table 3.9. SAR ADC (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Offset Temperature Coefficient TCoFF — 0.004 — LSB/°C
Slope Error Em -0.07 | -0.02 | 0.02 %
Dynamic Performance (10 kHz Sine Wave Input 1dB below full scale, Max throughput)
Signal-to-Noise SNR 12 Bit Mode 62 66 — dB
10 Bit Mode 58 60 — dB
Signal-to-Noise PRlus Distortion SNDR 12 Bit Mode 62 66 — dB
10 Bit Mode 58 60 — dB
Total Harmonic Distortion(Up to THD 12 Bit Mode — 78 — dB
Sth Harmonic) 10 Bit Mode — 7w — | dB
Spurious-Free Dynamic Range SFDR 12 Bit Mode — -79 — dB
10 Bit Mode — —74 — dB
*Note: Absolute input pin voltage is limited by the lower of the supply at VBAT and VIO.
) Rev 1.2 22
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Table 3.10. IDAC

Parameter Symbol Test Condition Min Typ Max Unit
Static Performance
Resolution Nbits 10 Bits
Integral Nonlinearity INL — 0.5 +2 LSB
Differential Nonlinearity (Guaranteed DNL — 0.5 11 LSB
Monotoenic)
Output Compliance Range Vocr — — VE;AB - \Y
Full Scale Output Current louT 2 mA Range, 1.98 2.046 21 mA
Tpo=25°C
1 mA Range, 0.99 1.023 1.05 mA
Tpo=25°C
0.5 mA Range, 491 511.5 525 MA
Tpo=25°C
Offset Error Eokr — 250 — nA
Full Scale Error Tempco TCgs 2 mA Range — 100 — ppm/°C
VBAT Power Supply Rejection Ratio 2 mA Range — -220 — ppm/V
Test Load Impedance (to Vgg) RresT — 1 — kQ
Dynamic Performance
Output Settling Time to 1/2 LSB min output tosmax — 1.2 — us
output
Startup Time — 3 — us
23 Rev 1.2 )
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Table 3.11. ACCTR (Advanced Capture Counter)

Parameter Symbol Test Condition Min Typ Max Unit
LC Comparator Response Time, trRESPO +100 mV Differential — 100 — ns
EH'Y'QTZB ;p1e1e ) ~100 mV Differential | — 150 — ns
LC Comparator Response Time, tRESP3 +100 mV Differential — 1.4 — MS
8_“;'52"3?; oevoer) ~100 mV Differential | — 35 — us
LC Comparator.Positive Hysteresis HYScp+ CMPHYP =00 — 0.37 — mV
Mode 0 (CPMDz11) CMPHYP = 01 — 7.9 — mv
CMPHYP =10 — 16.7 — mV
CMPHYP =11 — 32.8 — mV
LC Comparator Negative Hysteresis HYScp. CMPHYN =00 — 0.37 — mV
Mode 0 (CPMD = 11) CMPHYN = 01 — | -79 — mv
CMPHYN =10 — -16.1 — mV
CMPHYN = 11 — -32.7 — mV
LC Comparator Positive Hysteresis HYS¢ps# CMPHYP =00 — 0.47 — mV
Mode 1 (CPMD =10) CMPHYP = 01 — | 585 — mvV
CMPHYP =10 — 12 — mV
CMPHYP =,11 — 24.4 — mV
LC Comparator Negative Hysteresis HYScp. CMPHYN~="00 — 0.47 — mV
Mode 1 (CPMD =10) CMPHYN-=01 — | -60 — mv
CMPHYN =10 — -12.1 — mV
CMPHYN = 11 — —24.6 — mV
LC Comparator Positive Hysteresis HYScp+ CMPHYP =00 — 0.66 — mV
Mode 2 (CPMD =01) CMPHYP = 01 — (¥7a55 — mv
CMPHYP =10 — 9.3 — mV
CMPHYP =11 — 19 — mV
LC Comparator Negative Hysteresis | HYSgp. CMPHYN = 00 — 0.6 — mV
Mode 2 (CPMD = 01) CMPHYN = 01 — | 45 £ v
CMPHYN =10 — -9.5 — mV
CMPHYN =11 — -19 — m\/
) Rev 1.2 24
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Table 3.11. ACCTR (Advanced Capture Counter) (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
LC Comparator Positive Hysteresis HYScp+ CMPHYP =00 — 1.37 — mV
Mode 3 (CPMD =00) CMPHYP = 01 — 3.8 — mv
CMPHYP =10 — 7.8 — mV
CMPHYP = 11 — 15.6 — mV
LC Comparator Negative Hysteresis HYScp. CMPHYN =00 — 1.37 — mV
Mode 3 (GPMD-£ 00) CMPHYN = 01 — | -39 — mv
CMPHYN =10 — -7.9 — mV
CMPHYN = 11 — -16 — mV
LC Comparator Input Range ViN -0.25 — Vgar + \%
(ACCTRO_LCIN pin) 0.25
LC Comparator Common-Mode CMRRcp — 75 — dB
Rejection Ratio
LC Comparator Power Supply Rejec-| PSRRcp — 72 — dB
tion Ratio
LC Comparator Input Offset Voltage VoFE Tpo=25°C -10 0 10 mV
LC Comparator Input Offset Tempco TCoFF — 3.5 — pv/ec
Reference DAC Offset Error DACEgoFF —1 — 1 LSB
Reference DAC Full Scale Output DACks lkow Range — V|o/8 — \
HighsRange — Vio — \
Reference DAC Step Size DAC sg | Low Range (48steps) — V,0/384 — \Y
High Range (64 steps) — V|o/64 — V
LC Oscillator Period TLcosc — 25 — ns
LC Bias Output Impedance RicBias 10 pA Load — 1 — kQ
LC Bias Drive Strength l.cBlAS — — 2 mA
Pull-Up Resistor Tolerance RrtoL PUVAL[4:2]=0to 6 -15 — 15 %
PUVAL[4:2] = 7 -10 — 10 %
25 Rev 1.2 )
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Table 3.12. Voltage Reference Electrical Characteristics

Parameter Symbol Test Condition Min Typ Max Unit
Internal Fast Settling Reference
Output Voltage VREFFS —40 to +85 °C, 1.6 1.65 1.7 \Y,
VBAT =1.8-3.8V
Temperature Coefficient TCREFFs — 50 — | ppm/°C
Turn-on Time tREFFS — — 1.5 V&
PowerSupply'Rejection PSRRReFEs — 400 — | ppm/V
Internal Precision Reference
] VeaT VREF2X =0 1.8 — 3.8 \Y
Valid Supply Range
VREF2X = 1 27 — 3.8 \Y
VREEP 25 °C ambient, 1.17 1.2 1.23 \Y,
VREF2X =0
Output Voltage .
25 °C ambient, 2.35 24 2.45 \Y
VREF2X = 1
Short-Circuit Current Ise — — 10 mA
Temperature Coefficient TCyRrEFP — 35 — | ppm/°C
. LRyREFP Load = 0 to 200 pA to — 4.5 — |ppm/pA
Load Regulation VREEGND
. CVREFP Load = 0 to 200 lJA to 0.1 — — lJF
Load Capacitor VREEGND
tvyREFPON 4. 7\yF tantalum, 0.1 pF — 3.8 — ms
Turn-on Time ceramic bypass
0.1 yF ceramic/bypass — 200 — us
Power Supply Rejection PSRRyReEp VREF2X =0 — 320 — ppm/V
VREF2X = 1 — 560 — | ppm/V
External Reference
lEXTREF Sample Rate = 250 ksps; — 5.25 — MA
Input Current VREE = 3.0 V
Table 3.13. Temperature Sensor
Parameter Symbol Test Condition Min Typ Max Unit
Offset Vore Tp=0°C — 760 — mV
Offset Error* EoFr Tpa=0°C — +14 — mV
Slope M — 277 — mV/°C
Slope Error* Em — 125 — uVveC
Linearity — 1 — °C
Turn-on Time — 1.8 — VS
*Note: Absolute input pin voltage is limited by the lower of the supply at VBAT and VIO.
) Rev 1.2 26
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Table 3.14. Comparator

Parameter Symbol Test Condition Min Typ Max Unit
Response Time, CMPMD = 00 trespo | +100 mV Differential — 100 — ns
(Highest Speed) ~100 mV Differential | — 150 — ns
Response Time, CMPMD = 11 trespz | +100 mV Differential — 1.4 — V&
(Lowest Power) ~100 mV Differential | — 35 — us
Positive Hysteresis HYScp+ CMPHYP =00 — 0.37 — mV
Mode 0 (GPHR 9 %0) CMPHYP = 01 — 7.9 — mv
CMPHYP =10 — 16.7 — mV
CMPHYP = 11 — 32.8 — mV
Negative Hysteresis HYScp. CMPHYN = 00 — 0.37 — mV
Mode 0 (CPMD = 00) CMPHYN = 01 — 7.9 — mv
CMPHYN =10 — -16.1 — mV
CMPHYN = 11 — -32.7 — mV
Positive Hysteresis HYScp: CMPHYP =00 — 0.47 — mV
Mode 1 (CPMD = 01) CMPHYP = 01 — 5.85 — mv
CMPHYP =10 — 12 — mV
CMPHYP = 11 — 244 — mV
Negative Hysteresis HYScp. CMPHYN"="00 — 0.47 — mV
Mode 1 (CPMD =01) CMPHYN'= 01 — 6.0 — mv
CMPHYN =10 — -12.1 — mV
CMPHYN = 11 — —24.6 — mV
Positive Hysteresis HYScp+ CMPHYP =00 —& 0.66 — mV
Mode 2 (CPMD = 10) CMPHYP = 01 — 455 — mv
CMPHYP =10 — 9.3 — mV
CMPHYP = 11 — 19 — mV
Negative Hysteresis HYScp. CMPHYN = 00 — 0.6 N mV
Mode 2 (CPMD = 10) CMPHYN = 01 — | s | = mV
CMPHYN =10 — -9.5 — mV
CMPHYN = 11 — -19 — mV
27 Rev 1.2
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Table 3.14. Comparator (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Positive Hysteresis HYScp: CMPHYP =00 — 1.37 — mV
Mode 3 (CPMD = 11) CMPHYP = 01 — 3.8 — mv
CMPHYP =10 — 7.8 — mV
CMPHYP =11 — 15.6 — mV
Negative Hysteresis HYScp. CMPHYN = 00 — 1.37 — mV
Mode 3 (GPME11) CMPHYN = 01 — -3.9 — mv
CMPHYN =10 — -7.9 — mV
CMPHYN = 11 — -16 — mV
Input Range (CP+ or CP=) ViN -0.25 — Vear + \%
0.25
Input Pin Capacitance Ccp — 7.5 — pF
Common-Mode Rejection Ratio CMRRcp — 75 — dB
Power Supply Rejection Ratio PSRRgp — 72 — dB
Input Offset Voltage Vorf Tpo=25°C -10 0 10 mV
Input Offset Tempco TCoFr — 3.5 — pv/°C
Reference DAC Resolution NBits 6 bits
Table 3.15. LCDO
Parameter Symbol Test Condition Min Typ Max Unit
Charge Pump Output Voltage Error | Vcpgrr — +50 — mV
LCD Clock Frequency FLco 16 — 33 kHz
) Rev 1.2 28
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Table 3.16. Port I/O

(Pullups off or Analog)

Parameter Symbol Test Condition Min Typ Max Unit
Output High Voltage (PBO, PB1, Voy | Low Drive, logy=-1mA | V|g—-0.7 — — \
PB3, or PB4) Low Drive, loy=-10 yA| Vio—0.1 | — — Vv
High Drive, loy=-3mA | V|,o—-0.7 — — \Y
High Drive, loy =-10 pA| V,g—0.1 — — \
Output High Veltage (PB2) Voy | Low Drive, lgy =-1mA | V|grg— 0.7 — — \%
Low Drive, Igy = =10 pA | V|orp— 0.1 — — \Y
High Drive, loy =-3 mA | V|org— 0.7 — — \
High Drive, oy = =10 A | V|org— 0.1 — — \Y%
Output Low Voltage®(any Port I/O VoL | Low Drive, Ig. = 1.4 mA — — 0.6 \Y
pin or RESET") Low Drive, I, = 10 pA — — 0.1 Vv
High Drive, Ig. = 8.5 mA — — 0.6 \%
High Drive, Ig, = 10 pA — — 0.1 V
Input High Voltage (PBO, PB1, ViH Vio—0.6 — — \
PB3, PB4 or RESET)
Input High Voltage (PB2) Viy Viorr— 0.6 — — \%
Input Low Voltage any Port I/O pin VL — — 0.6 V
or RESET)
Weak Pull-Up Current? (per pin) lpy VigorViore = 1.8 -6 -3.5 -2 MA
VioorVogr = 3.8 -32 -20 -10 MA
Input Leakage Ik 0 < VN SV o orVieRrr -1 — 1 pA

Notes:

the device is held in reset.

1. Specifications for RESET V| adhere to the low drive setting.
2. On the SiM3L1x6 and SiM3L1x4 devices, the SWV pin will have double the weak pull-up current specified whenever

29
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3.2. Thermal Conditions

Table 3.17. Thermal Conditions

Parameter Symbol Test Condition Min Typ Max Unit
Thermal Resistance*® 0,a TQFP-80 Packages — 40 — °C/W
QFN-64 Packages — 25 — °C/W
TQFP-64 Packages — 30 — °C/W
QFN-40 Packages — 30 — °C/W
*Note: Thermal resistance assumes a multi-layer PCB with the exposed pad soldered to a topside PCB pad.
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3.3. Absolute Maximum Ratings

Stresses above those listed under Table 3.18 may cause permanent damage to the device. This is a stress rating
only and functional operation of the devices at those or any other conditions above those indicated in the operation
listings of this specification is not implied. Exposure to maximum rating conditions for extended periods may affect

device reliability.

Table 3.18. Absolute Maximum Ratings

Parameter Symbol Test Condition Min Max Unit

Ambient Temperature Under Bias Tgias -55 125 °C
Storage Temperature Tste —65 150 °C
Voltage on VBAT/VBATDC VBaT Vgs—0.3 4.2 Vv
Voltage on VDC Vpe Vgspc—0.3 4.2 \
Voltage on VDRV VpRrvy Vgs—0.3 4.2 \Y,
Voltage on VIO Vio Vgs—0.3 4.2 \Y
Voltage on VIORF VIoRF Vgs—0.3 4.2 \Y
Voltage on VLCD Vicp Vgs—0.3 4.2 \Y
Voltage on I/0 (PBO, PB1, PB3, PB4) or ViN Vip>233V Vgs—0.3 5.8 \Y%
RESET! Viog<33V Vgs—0.3 Vot2.5 \Y%
Voltage on PB2 I/0 Pins’ Vin Viore =33V Vgs—0.3 5.8 \Y
Viorr < 3.3V Vgs—0.3 | V|orpt2.5 \Y%

Total Current Sunk into Supply Pins lsupp VBAT/VBATDC, VIO, — 400 mA

VIORF, VDRV, VDC,
VLCD
Total Current Sourced out of lyss Vss Vsspé 400 — mA
Ground Pins? '

Current Sourced or Sunk by any I/O Pin Ipio All 1/O and RESET -100 100 mA

Power Dissipation at Ty =85 °C Pp TQFP-80 Packages — 500 mwW

QFN-64 Packages — 800 mwW

TQFP-64 Packages — 650 mw

QFN-40 Packages — 650 mW

Notes:

1. Exceeding the minimum Vg voltage may cause current to flow through adjacent device pins.
2. VSS and VSSDC provide separate return current paths for device supplies, but are not isolated. They must always be
connected to the same potential on board.
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4. Precision32™ SiM3L1xx System Overview

The SiM3L1xx Precision32™ devices are fully integrated, mixed-signal system-on-a-chip MCUs. Highlighted
features are listed below. Refer to Table 5.1 for specific product feature selection and part ordering numbers.

m Core:

32-bit ARM Cortex-M3 CPU.
50 MHz maximum operating frequency.
Branch target cache and prefetch buffers to minimize wait states.

m Memory: 32-256 kB flash; in-system programmable, 8—-32 kB SRAM configurable to retention mode in
4'kB blocks. Blocks configured to retention mode preserve state in the low power PM8 mode.

= Power:

Three adjustable low drop-out (LDO) regulators.

DC-DC.buck converter allows dynamic voltage scaling for maximum efficiency (250 mW output).
Power-on reset circuit and brownout detectors.

Power Management Unit (PMU).

Specializedwcharge-pump reduces power consumption in low power modes.
Process/Voltage/Temperature (PVT) Monitor.

Register state retention in lowest power mode.

1/0: Up to 62 contiguous’5 V tolerant I/O pins and one flexible peripheral crossbar.
Clock Sources:

Internal oscillator with PLL: 283—60/MHz with + 1.5% accuracy in free-running mode.
Low-power internal oscillator: 200MHz:

Low-frequency internal oscillator:“16.4kHz.

External RTC crystal oscillator: 32.768 kHz.

External oscillator: Crystal, RC, C, CMOS Clock:

Integrated LCD Controller (4x40).
Data Peripherals:

10-Channel DMA Controller.

3 x Data Transfer Managers.

128/192/256-bit Hardware AES Encryption.

CRC with programmable 16-bit polynomial, one 32-bit polynemial,-and bus snooping capability.
Encoder / Decoder.

m Timers/Counters:

3 x 32-bit Timers.

1 x Enhanced Programmable Counter Array (EPCA).
Real Time Clock (RTCO).

Low Power Timer.

Watchdog Timer.

Low Power Mode Advanced Capture Counter (ACCTR).

m Communications Peripherals:

1 x USART with IrDA and 1SO7816 SmartCard support.
1 x UART that operates in low power mode (PM8).

2 x SPlIs.

1x12C.

m Analog:

1 x 12-Bit Analog-to-Digital Converter (SARADC).
1 x 10-Bit Digital-to-Analog Converter (IDAC).
2 x Low-Current Comparators (CMP).

m  On-Chip Debugging
With on-chip power-on reset, voltage supply monitor, watchdog timer, and clock oscillators, the SiM3L1xx devices
are truly stand-alone system-on-a-chip solutions. The flash memory is reprogrammable in-circuit, providing non-
volatile data storage and allowing field upgrades of the firmware. User firmware has complete control of all
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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 3.8 V operation over the industrial temperature range (—40 to +85 °C). The
SiM3L1xx devices are available in 40-pin or 64-pin QFN and 64-pin or 80-pin TQFP 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,
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Figure 4.1. Precision32™ SiM3L1xx Family Block Diagram

33

Rev 1.2

SILICON LABS




SiM3L1xx

4.1. Power

The SiM3L1xx devices include a dc-dc buck converter that can take an input from 1.8-3.8 V and create an output
from 1.25-3.8 V. In addition, SiM3L1xx devices include three low dropout regulators as part of the LDOO module:
one LDO powers the analog subsystems, one LDO powers the flash and SRAM memory at 1.8 V, and one LDO
powers the digital and core circuitry. Each of these regulators can be independently powered from the dc-dc
converter or directly from the battery voltage, and their outputs are adjustable to conserve system power. SiM3L1xx
devices also include a low power charge pump in the PMU module for use in low power modes (PM8) to further
reduce the power consumption of the device.

Figure 4.2.shows the power system configuration of these devices.

SiM3L1xx Device
DC-DC }
VBAT/VBATDC Converter
r to digital
~ . and core
e Digital LDO > |
— VSS — <¢>
to memory
LDOO Memory LDO >
—
to analog
| _}yAnalog,LDO >
to PM8
Low Power peripherals
»| Mode Charge ——>»
Pump

Figure 4.2. SiM3L1xx Power

4.1.1. DC-DC Buck Converter (DCDCO0)

SiM3L1xx devices include an on-chip step-down dc-dc converter to efficiently, utilize the energy stored in the
battery, thus extending the operational life time. The dc-dc converter is awswitching buck converter with a
programmable output voltage that should be at least 0.45 V lower than the input battery/voltage; if this criteria is not
met and the converter can no longer operate, the output of the dc-dc converter automatically connects to the
battery. The dc-dc converter can supply up to 100 mA and can be used to power the MCU and/or external devices
in the system.

The dc-dc converter has a built in voltage reference and oscillator and will automatically limit or turn off the
switching activity in case the peak inductor current rises beyond a safe limit or the output voltage rises-above the
programmed target value. This allows the dc-dc converter output to be safely overdriven by a secondary. power
source (when available) in order to preserve battery life. When enabled, the dc-dc converter can source current
into the output capacitor, but cannot sink current.

The dc-dc converter includes the following features:

m Efficiently utilizes the energy stored in a battery, extending its operational lifetime.
Input range: 1.8 to 3.8 V.
Output range: 1.251t0 3.8 Vin 50 mV (1.25-1.8 V) or 100 mV (1.8-3.8 V) steps.
Supplies up to 100 mA.
Includes a voltage reference and an oscillator.
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Supports synchronizing the regulator switching with the system clock.

Automatically limits the peak inductor current if the load current rises beyond a safe limit.

Automatically goes into bypass mode if the battery voltage cannot provide sufficient headroom.

Sources current, but cannot sink current.

4.1.2. Three Low Dropout LDO Regulators (LDOO0)

The SiM3L1xx devices include one LDOO module with three low dropout regulators. Each of these regulators have

independent switches to select the battery voltage or the output of the dc-dc converter as the input to each LDO,
and an adjustable output voltage.

The LDOs_consume little power and provide flexibility in choosing a power supply for the system. Each regulator
can be independently adjusted between 0.8 and 1.9 V output.
4.1.3. Voltage Supply Monitor (VMONO)
The SiM3L1xx devices include a voltage supply monitor that can monitor the main supply voltage. This module
includes the following features:

m  Main supply=“VBAT Low” (VBAT below the early warning threshold) notification.

m Holds the devicedn reset if the main VBAT supply drops below the VBAT Reset threshold.
The voltage supply monitor allews devices to function in known, safe operating conditions without the need for
external hardware.
4.1.4. Power Management Unit (PMU)
The Power Management Unit on the SiM3L1xx manages the power systems of the device. It manages the power-

up sequence during power on and the wake up sources for PM8. On power-up, the PMU ensures the core voltages
are a proper value before core instruction.execution begins.

The VDRV pin powers external circuitry from" either.the VBAT battery input voltage or the output of the dc-dc
converter on VDC. The PMU includes an internal switch to select one of these sources for the VDRV pin.
The PMU has a specialized VBAT-divided-by-2 charge pump that can power some internal modules while in PM8
to save power.
The PMU module includes the following features:

m Provides the enable or disable for the analog power system, including the three LDO regulators.

m Up to 14 pin wake inputs can wake the device from Power Mode 8.

m The Low Power Timer, RTCO (alarms and oscillator failure);?Comparator 0, Advanced Capture Counter,
LCDO VBAT monitor, UARTO, low power mode charge pump'failure, and the RESET pin can also serve as
wake sources for Power Mode 8.

m Controls which 4 kB RAM blocks are retained while in Power Mode 8.

m Provides a PMU_Asleep signal to a pin as an indicator that the device isiin PM8.

m Specialized charge pump to reduce power consumption in PM8.
Provides control for the internal switch between VBAT and VDC to power the VDRV pin for external circuitry.
4.1.5. Device Power Modes

The SiM3L1xx devices feature seven low power modes in addition to normal operating mode. Several peripherals
provide wake up sources for these low power modes, including the Low Power Timer (LPTIMEROQ)=RTCO (alarms
and oscillator failure notification), Comparator 0 (CMPQ), Advanced Capture Counter (ACCTRQ), LCD VBAT
monitor (LCDO), UARTO, low power mode charge pump failure, and PMU Pin Wake.

In addition, all peripherals can have their clocks disabled to reduce power consumption whenever a“peripheral is
not being used using the clock control (CLKCTRL) registers.

4.1.5.1. Normal Mode (Power Mode 0) and Power Mode 4

Normal Mode and Power Mode 4 are fully operational modes with code executing from flash memory. PM4 is the
same as Normal Mode, but with the clocks operating at a lower speed. This enables power to be conserved by
reducing the LDO regulator outputs.
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4.1.5.2. Power Mode 1 and Power Mode 5

Power Mode 1 and Power Mode 5 are fully operational modes with code executing from RAM. PM5 is the same as
PM1, but with the clocks operating at a lower speed. This enables power to be conserved by reducing the LDO
regulator outputs. Compared with the corresponding flash operational mode (Normal or PM4), the active power
consumption of the device in these modes is reduced. Additionally, at higher speeds in PM1, the core throughput
can also be increased because RAMdoesnot require additional wait states that reduce the instruction fetch speed.

4.1.5.3. Power Mode 2 and Power Mode 6

In“Power Mode 2 and Power Mode 6, the core halts and the peripherals continue to run at the selected clock
speed. PM6is the same as PM2, but with the clocks operating at a lower speed. This enables power to be
conserved by reducing the LDO regulator outputs. To place the device in PM2 or PM6, the core should execute a
wait-for-interrupt (WFI) or wait-for-event (WFE) instruction. If the WFI instruction is called from an interrupt service
routine, the'interrupt that wakes the device from PM2 or PM6 must be of a sufficient priority to be recognized by the
core. It is reecommended to perform both a DSB (Data Synchronization Barrier) and an ISB (Instruction
Syncronization Barrier) operation prior to the WFI to ensure all bus accesses complete. When operating from the
LFOSCO0, PM6 can achieve similar power consumption to PM3, but with faster wake times and the ability to wake
on any interrupt.

4.1.5.4. Power Mode 3

In Power Mode 3 the core and/peripheral clocks are halted. The available sources to wake from PM3 are controlled
by the Power Management Unit (PMU): A special Fast Wake option allows the core to wake faster by keeping the
LFOSCO0 or RTCO clock active. Because:the current consumption of these blocks is minimal, it is recommended to
use the fast wake option.

Before entering PM3, the DMA controller should\be disabled, and the desired wake source(s) should be configured
in the PMU. The SLEEPDEEP bit in the ARM System Control Register should be set, and the PMSEL bit in the
CLKCTRLO_CONFIG register should be cleared to indicate that PM3 is the desired power mode. For fast wake,
the core clocks (AHB and APB) should be configured, to,run from the LPOSC, and the PM3 Fast wake option and
clock source should be selected in the PM3CN register:

The device will enter PM3 on a WFI or WFE instruction. If/the WFI instruction is called from an interrupt service
routine, the interrupt that wakes the device from PM3 must be of @ sufficient priority to be recognized by the core. It
is recommended to perform both a DSB (Data Synchronization Barrier) and an ISB (Instruction Synchronization
Barrier) operation prior to the WFI to ensure all bus access is complete.

4.1.5.5. Power Mode 8

In Power Mode 8, the core and most peripherals are completely powered down, but all registers and selected RAM
blocks retain their state. The LDO regulators are disabled, so all active circuitry operates directly from VBAT.
Alternatively, the PMU has a specialized VBAT-divided-by-2 charge pump that.can power some internal modules
while in PM8 to save power. The fully operational functions in this mode are: LPTIMERO , RTCO, UARTO running
from RTCOTCLK, PMU Pin Wake, the advanced capture counter, and the LCD controller.

This mode provides the lowest power consumption for the device, but requires an appropriate .wake up source or
reset to exit. The available wake up or reset sources to wake from PM8 are controlled by the’Power Management
Unit (PMU). The available wake up sources are: Low Power Timer (LPTIMERO), RTCQ (alarms and oscillator
failure notification), Comparator 0 (CMPO), advanced capture counter (ACCTRO0), LCD VBAT menitor (LCDO),
UARTO, low power mode charge pump failure, and PMU Pin Wake. The available reset sources are: RESET pin,
VBAT supply monitor, Comparator 0, Comparator 1, low power mode charge pump failure, RTCOoscillator failure,
or a PMU wake event.

Before entering PM8, the desired wake source(s) should be configured in the PMU. The SLEEPDEEP hit in the
ARM System Control Register should be set, and the PMSEL bit in the CLKCTRLO_CONFIG register should-be set
to indicate that PM8 is the desired power mode.

The device will enter PM8 on a WFI or WFE instruction, and remain in PM8 until a reset configured by the PMU
occurs. It is recommended to perform both a DSB (Data Synchronization Barrier) and an ISB (Instruction
Synchronization Barrier) operation prior to the WFI to ensure all bus access is complete.
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4.1.5.6. Power Mode Summary

The power modes described above are summarized in Table 4.1. Table 3.2 and Table 3.3 provide more information
on the power consumption and wake up times for each mode.

Table 4.1. SiM3L1xx Power Modes

Mode Description Notes
Normial Core operatmg at full speed m Full device operation
Code executing from flash
Core operating at full speed m Full device operation
Power Mode 1/(PM1) m  Code executing from RAM m Higher CPU bandwidth than PM0O (RAM
can operate with zero wait states at any
frequency)
Core halted m Fast wakeup from any interrupt source

Power Mode 2 (PM2) |'m AHB, APB and all peripherals
operational at full speed

m All clocks'to,core and peripherals m Wake on any wake source or reset
stopped source defined in the PMU

m Faster wake'enabled by keeping
LFOSCO or RTCOTCLK active

Power Mode 3 (PM3)

Core operating atlow:speed m  Same capabilities as PMO, operating at

Code executing from flash lower speed

m Lower clock speed enables lower LDO
output settings to save power

Power Mode 4 (PM4)

Core operating at low speed m Same capabilities as PM1, operating at

Code executing from RAM lower speed

m Lower clock speed enables lower LDO
output settings to save power

Power Mode 5 (PM5)

Core halted m  Same capabilities as PM2, operating at
m AHB, APB and all peripherals lowerspeed
operational at low speed m Lower clock speed enables lower LDO
Power Mode 6 (PM6) output settings to*save power

m  When running from LKFOSCO, power is
similar to PM3, but the device wakes
much faster

Low power sleep m Lowest power consumption

LDO regulators are disabled and all |m Wake on any wake source or reset
active circuitry operates directly from source defined in the PMU

VBAT

Power Mode 8 (PM8) |m The following functions are available:
ACCTRO, RTCO, UARTO running
from RTCOTCLK, LPTIMERO, port
match, and the LCD controller

m Register and RAM state retention
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4.1.6. Process/Voltage/Temperature Monitor (TIMER2 and PVTOSCO0)
The Process/Voltage/Temperature monitor consists of two modules (TIMER2 and PVTOSCO) designed to monitor
the digital circuit performance of the SiM3L1xx device.

The PVT oscillator (PVTOSCO) consists of two oscillators, one operating from the memory LDO and one operating
from the digital LDO. These oscillators have two independent speed options and provide the clocks for two 16-bit
timers in the TIMER2 module using the EX input. By monitoring the resulting counts of the TIMER2 timers,
firmware can monitor the current device performance and increase the scalable LDO regulator (LDOO) output
voltages as needed or decrease the output voltages to save power.

The PVT monitor has the following features:
m ({Two.separate oscillators and timers for the memory and digital logic voltage domains.
m Twp oscillator output divider settings.

m Providesia method for monitoring digital performance to allow firmware to adjust the scalable LDO
regulator output voltages to the lowest level possible, saving power.
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4.2. 1/0

4.2.1. General Features
The SiM3L1xx ports have the following features:
5V tolerant.
Push-pull or open-drain output modes to the VIO or VIORF voltage level.
Analog or digital modes.
Option for high or low output drive strength.
Port Match allows the device to recognize a change on a port pin value.
Internal pull-up resistors are enabled or disabled on a port-by-port basis.
Two external interrupts with up to 16 inputs each provide monitoring capability for external signals.
Internal'Rulse Generator Timer (PBO only) to generate simple square waves and pulses.
4.2.2. Crossbar
The SiM3L1xx devices have one crossbar with the following features:
m Flexible peripheralassignment to port pins.
m Pins can be individually skipped to move peripherals as needed for design or layout considerations.

The crossbar has a fixed priority forieach 1/0 function and assigns these functions to the port pins. When a digital
resource is selected, the least-significant unassigned port pin is assigned to that resource. If a port pin is assigned,
the crossbar skips that pin when assigning.the next selected resource. Additionally, the crossbar will skip port pins
whose associated bits in the PBSKIPEN registers are set. This provides flexibility when designing a system: pins
involved with sensitive analog measurements ¢an be moved away from digital I/O, and peripherals can be moved
around the chip as needed to ease layout constraints.
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4.3. Clocking

The SiM3L1xx devices have two system clocks: AHB and APB. The AHB clock services memory peripherals and is
derived from one of seven sources: the RTC timer clock (RTCOTCLK), the Low Frequency Oscillator, the Low
Power Oscillator, the divided Low Power Oscillator, the External Oscillator, the PLLO Oscillator, and the VIORFCLK
pin input. In addition, a divider for the AHB clock provides flexible clock options for the device. The APB clock
services data peripherals and is synchronized with the AHB clock. The APB clock can be equal to the AHB clock or
set to the AHB clock divided by two.

The .Clock Control module on SiM3L1xx devices allows the AHB and APB clocks to be turned off to unused
peripherals'to,save system power. Any registers in a peripheral with disabled clocks will be unable to be accessed
until the/clocks are enabled. Most peripherals have clocks off by default after a power-on reset.

Clock Control
R o
RTCOTCLK
»Eﬂ—» DMA
LFOSCO
AHB clock
:Eﬂ—b Flash
>
LPOSCO —\_i »Bg—» DTMO
AHB Clock | |
- Divider .
d °
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»Bﬁ—» SPI0
L]
[ ]
°
Figure 4.3. SiM3L1xx Clocking
®
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4.3.1. PLL (PLLO)

The PLL module consists of a dedicated Digitally-Controlled Oscillator (DCO) that can be used in Free-Running
mode without a reference frequency, Frequency-Locked to a reference frequency, or Phase-Locked to a reference
frequency. The reference frequency for Frequency-Lock and Phase-Lock modes can use one of multiple sources
(including the external oscillator) to provide maximum flexibility for different application needs. Because the PLL
module generates its own clock, the DCO can be locked to a particular reference frequency and then moved to
Free-Running mode to reduce system power and noise.

The PLL module includes the following features:

m Three output ranges with output frequencies ranging from 23 to 50 MHz.

m /Multiple reference frequency inputs, including the RTCO oscillator, Low Power Oscillator, and external
oscillator,

Three output modes: Free-Running Digitally-Controlled Oscillator, Frequency-Locked, and Phase-Locked.
Able to sense the rising edge or falling edge of the reference source.

DCO frequency LSB dithering to provide finer average output frequencies.

Spectrum spreading‘to reduce generated system noise.

Low jitter and fast lock times.\

All output frequency updates (including dithering and spectrum spreading) can be temporarily suspended
using the STALL bit during noise-sensitive measurements.

4.3.2. Low Power Oscillator (LPOSCO0)

The Low Power Oscillator is the default AHB oscillator on SiM3L1xx devices and enables or disables automatically,
as needed.

The default output frequency of this oscillatorsis factory calibrated to 20 MHz, and a divided 2.5 MHz version of this
clock is also available as an AHB clock source.

The Low Power Oscillator has the following features:
m 20 MHz and divided 2.5 MHz frequencies available for the AHB clock.
m  Automatically starts and stops as needed.

4.3.3. Low Frequency Oscillator (LFOSCO0)

The low frequency oscillator (LFOSC) provides a low power internal clock source for the RTCO timer and other
peripherals on the device. No external components are required to use the low frequency oscillator, and the RTC1
and RTC2 pins do not need to be shorted together.

The Low Frequency Oscillator has the following features:
m 16.4 kHz output frequency.
4.3.4. External Oscillators (EXTOSCO0)

The EXTOSCO external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC
network. A CMOS clock may also provide a clock input. The external oscillator output/may be selected as the AHB
clock or used to clock other modules independent of the AHB clock selection.

The External Oscillator control has the following features:

Support for external crystal, resonator, RC, C, or CMOS oscillators.
Support for external CMOS frequencies from 10 kHz to 50 MHz.
Support for external crystal frequencies from 10 kHz to 25 MHz.
Various drive strengths for flexible crystal oscillator support.
Internal frequency divide-by-two option available.
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4.4. Integrated LCD Controller (LCDO)

SiM3L1xx devices contain an LCD segment driver and on-chip bias generation that supports static, 2-mux, 3-mux
and 4-mux LCDs with 1/2 or 1/3 bias. The on-chip charge pump with programmable output voltage allows software
contrast control which is independent of the supply voltage. LCD timing is derived from the RTC timer clock
(RTCOTCLK) to allow precise control over the refresh rate.

The SiM3L1xx devices use registers to store the enabled/disabled state of individual LCD segments. All LCD
waveforms are generated on-chip based on the contents of these registers with flexible waveform control to reduce
power consumption wherever possible. An LCD blinking function is also supported on a subset of LCD segments.

The'LCDO‘module has the following features:

Up to40 segment pins and 4 common pins.
Supports'LCDs with 1/2 or 1/3 bias.

Includes an-on-chip charge pump with programmable output that allows firmware to control the contrast
independent of the supply voltage.

m The RTC timer clock (RTCOTCLK) determines the LCD timing and refresh rate.
m All LCD waveforms‘are generated on-chip based on the contents of the LCDO registers with flexible

waveform control.

LCD segments can besplaced in a discharge state for a configurable number of RTC clock cycles before
switching to the next state to reduce power consumption due to display loading.

Includes a VBAT monitor that/«can.serve as a wakeup source for Power Mode 8.
Supports four hardware auto-contrast. modes: bypass, constant, minimum, and auto-bypass.
Supports hardware blinking for up 10 8 segments.
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4.5. Data Peripherals
4.5.1. 10-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:

m Utilizes ARM PrimeCell uDMA architecture.

m Implements 10 channels.

m _DMA crossbar supports DTMO, DTM1, DTM2, SARADCO, IDACO, 12C0, SPI0, SPI1, USARTO0, AESO,
ENCDECO, EPCADO, external pin triggers, and timers.
Supports primary, alternate, and scatter-gather data structures to implement various types of transfers.
m Accessallowed to all AHB and APB memory space.
4.5.2. Data Transfer Managers (DTMO0, DTM1, DTM2)
The Data Transfer Managerds a module that collects DMA request signals from various peripherals and generates
a series of master DMA requests based on a state-driven configuration. This master request drives a set of DMA
channels to perform functions such as assembling and transferring communication packets to external devices.
This capability saves power¢by allowing the core to remain in a low power mode during complex transfer

operations. A combination of simple and peripheral scatter-gather DMA configurations can be used to perform
complex operations while reducing memory requirements.

The DTM acts as a side channel for'the'peripheral’s DMA control signals. When active, it manages the DMA
control signals for the peripherals. When the DTMn module is inactive, the peripherals communicate directly to the
DMA module.

The DTMn module has the following features:
m State descriptions stored in RAM with up to 15states supported per module.

m Supports up to 15 source peripherals and up to/15 destination peripherals per module, in addition to
memory or peripherals that do not require a datasrequest.

Includes error detection and an optional transfer timeout.

Includes notifications for state transitions.
4.5.3. 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 thesesmore 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:

m Operates on 4-word (16-byte) blocks.

m Supports key sizes of 128, 192, and 256 bits for both encryption and decryption.
m  Generates the round key for decryption operations.
|

All cipher operations can be performed without any firmware intervention for multiple 4-word bloeks (up to
32 kB).

m  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 Electronic Codebook (ECB), Cipher-Block Chaining (CBC), and Counter (CTR)
algorithms utilizing integrated counterblock generation and previous-block caching.

43 Rev 1.2

SILICON LABS



SiM3L1xx

4.5.4. 16/32-bit Enhanced CRC (ECRCO0)
The ECRC module is designed to provide hardware calculations for flash memory verification and communications
protocols. In addition to calculating a result from direct writes from firmware, the ECRC module can automatically
snoop the APB bus and calculate a result from data written to or read from a particular peripheral. This allows for
an automatic CRC result without directly feeding data through the ECRC module.
The supported 32-bit polynomial is 0x04C11DB7 (IEEE 802.3). The 16-bit polynomial is fully programmable.
The ECRC module includes the following features:
m  Support for a programmable 16-bit polynomial and one fixed 32-bit polynomial.
Byte-level bit reversal for the CRC input.
Byte=order reorientation of words for the CRC input.
Wardsor half-word bit reversal of the CRC result.
Abilitysto configure and seed an operation in a single register write.
Support for single-cycle parallel (unrolled) CRC computation for 32-, 16-, or 8-bit blocks.
Capability to CRC'32 bits of data per peripheral bus (APB) clock.
Automatic APB bus snooping.
Support for DMA writes using firmware request mode.
4.5.5. Encoder / Decoder (ENCDECO0)
The encoder / decoder module supports Manchester and Three-out-of-Six encoding and decoding from either
firmware or DMA operations.
This module has the following features:
Supports Manchester and Three-out-of-Six. encoding and decoding.
Automatic flag clearing when writing the input or reading the output data registers.
Writing to the input data register automatically, initiates an encode or decode operation.
Optional output in one’s complement format.

Hardware error detection for invalid input data during decode operations, which helps reduce power
consumption and packet turn-around time.

m Flexible byte swapping on the input or output data.
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4.6. Counters/Timers

4.6.1. 32-bit Timer (TIMERO, TIMER1, TIMER2)
Each timer module is independent, and includes the following features:
m Operation as a single 32-bit or two independent 16-bit timers.

m Clocking options include the APB clock, the APB clock scaled using an 8-bit prescaler, the external
oscillator, or falling edges on an external input pin (synchronized to the APB clock).

m_ Auto-reload functionality in both 32-bit and 16-bit modes.
TIMERO andTIMER1 have the following features:
Up/Down count capability, controlled by an external input pin.
Rising.and falling edge capture modes.
Low or high pulse capture modes.
Period and duty cycle capture mode.
Square wave output mode, which is capable of toggling an external pin at a given rate with 50% duty cycle.
32- or 16-bit pulse-width modulation mode.
TIMERZ2 does not suppoft the standard input/output features of TIMERO and TIMER1. The TIMER2 EX signal is
internally connected to the ‘outputsrof the PVTOSCO oscillators. TIMER2 can use any of the counting modes that
use EX as an input, including up/down.mode, edge capture mode, and pulse capture mode. The TIMER2 CT signal
is disconnected.
4.6.2. Enhanced Programmable Counter Array (EPCADO0)

The Enhanced Programmable Counter Array (EPCA) module is a timer/counter system allowing for complex timing
or waveform generation. Multiple modulés run_from_the same main counter, allowing for synchronous output
waveforms.
This module includes the following features:
m Three sets of channel pairs (six channels total) capable of generating complementary waveforms.
Center- and edge-aligned waveform generation.
Programmable dead times that ensure channel pairs are never active at the same time.
Programmable clock divisor and multiple options for clock source selection.
Waveform update scheduling.
Option to function while the core is inactive.
Multiple synchronization triggers.
Pulse-Width Modulation (PWM) waveform generation.
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4.6.3. Real-Time Clock (RTCO)

The RTC module includes a 32-bit timer that allows up to 36 hours of independent time-keeping when used with a
32.768 kHz watch crystal. The RTC provides three alarm events in addition to a missing clock event, which can
also function as interrupt, reset, or wakeup sources on SiM3L1xx devices.

The RTC module includes internal loading capacitors that are programmable to 16 discrete levels, allowing
compatibility with a wide range of crystals.
The RTC timer clock can be buffered and routed to a port bank pin to provide an accurate, low frequency clock to
other’'devices while the core is in its lowest power down mode. The module also includes a low power internal low
frequency_oscillator that reduces low power mode current and is available for other modules to use as a clock
source,
The RTC module,includes the following features:

m  32-bit timer (supports up to 36 hours) with three separate alarms.

m Option for one alarm to automatically reset the RTC timer.

m  Missing clockdetector.

m Can be used with thesinternal Low Frequency Oscillator or with an external 32.768 kHz crystal (no

additional resistofs or'capacitors necessary).

Programmable internaldoading capacitors support a wide range of external 32.768 kHz crystals.

m The RTC timer clock (RTCOCEK) can be buffered and routed to an 1/O pin to provide an accurate, low
frequency clock to other devices while the core is in its lowest power down mode.

m The RTC module can be powered from the low power mode charge pump for lowest possible power
consumption while in PM8.

4.6.4. Low Power Timer (LPTIMERO)
The Low Power Timer (LPTIMER) module runs from_the RTC timer clock (RTCOCLK), allowing the LPTIMER to
operate even if the AHB and APB clocks are disabled:The LPTIMER counter can increment using one of two clock
sources: the clock selected by the RTCO module, orrisingor falling edges of an external signal.
The Low Power Timer includes the following features:

m Runs on low-frequency RTC timer clock (RTCOTCLK).

m The LPTIMER counter can increment using one of two clock sources: the RTCOTCLK or rising or falling
edges of an external signal.

Overflow and threshold-match detection.
Timer reset on threshold-match allows square-wave generation at'a variable output frequency.
Supports PWM with configurable period and duty cycle.
The LPTIMER module can be powered from the low power mode charge pump for lowest possible power
consumption while in PM8.
4.6.5. Watchdog Timer (WDTIMERO)
The WDTIMER module includes a 16-bit timer, a programmable early warning interrupt, and a programmable reset
period. The timer registers are protected from inadvertent access by an independent lock and key interface.
The watchdog timer runs from the low frequency oscillator (LFOSCO).
The Watchdog Timer has the following features:
m Programmable timeout interval.
m Optional interrupt to warn when the Watchdog Timer is nearing the reset trip value.
m Lock-out feature to prevent any modification until a system reset.
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4.6.6. Low Power Mode Advanced Capture Counter (ACCTRO)
The SiM3L1xx devices contain a low-power Advanced Capture Counter module that runs from the RTCO clock
domain and can be used with digital inputs, switch topology circuits (reed switches), or with LC resonant circuits.
For switch topology circuits, the module charges one or two external lines by pulsing internal pull-up resistors and
detecting whether the reed switch is open or closed. For LC resonant circuits, the inputs are periodically energized
to produce a dampened sine wave and configurable discriminator circuits detect the resulting decay time-constant.
The advanced capture counter has the following general features:

m " Single or differential inputs supporting single, dual, and quadrature modes of operation.

m Variety of interrupt and PM8 wake up sources.

m ¢Provides feedback of the direction history, current and previous states, and condition flags.
The advanced«capture counter has the following features for switch circuit topologies:

m Ultra low'power input comparators.

m Supportsia wide range of pull-up resistor values with a self-calibration engine.

m  Asymmetrical integrators for low-pass filtering and switch debounce.

m  Two 24-bit counters and two 24-bit digital threshold comparators.

m Supports switch flutter detection.
For LC resonant circuit topologies, the advanced capture counter includes:

m  Separate minimum and maximum count registers and polarity, pulse, and toggle controls.
Zone-based programmable timing.
Two input comparators with support for.a positive side input bias at VIO divided by 2.
Supports a configurable excitation‘pulse width based on a 40 MHz oscillator and timer or an external digital
stop signal.
Two 8-bit peak counters that saturate atfull scale for detecting the number of LC resonant peaks.
m Two discriminators with programmable thresholds.
m Supports a sample and hold mode for Wheatstone bridges.

All devices in the SiM3L1xx family include the low power modeadvanced capture counter (ACCTRO). Table 4.2
lists the supported inputs and outputs for each of the packages:

Table 4.2. SiM3L1xx Supported Advanced Capture/Counter Inputs and Outputs

Input/Output SiM3L1x7 SiM3L1x6 SiM3L1x4
ACCTRO_INO v v v
ACCTRO_IN1 v v v
ACCTRO_LCINO v v
ACCTRO_LCIN1 v v v
ACCTRO_STOPO v v v
ACCTRO_STOP1 v v v
ACCTRO_LCPULO v v
ACCTRO_LCPUL1 v v
ACCTRO_LCBIASO v v
ACCTRO_LCBIAS1 v v
ACCTRO_DBGO v v
ACCTRO_DBGH1 v v
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4.7. Communications Peripherals

4.7.1. USART (USARTO0)
The USART uses two signals (TX and RX) to communicate serially with an external device. In addition to these
signals, the USART module can optionally use a clock (UCLK) or hardware handshaking (RTS and CTS).
The USART module provides the following features:
m Independent transmitter and receiver configurations with separate 16-bit baud rate generators.
m . Synchronous or asynchronous transmissions and receptions.
m Clock master or slave operation with programmable polarity and edge controls.
|

Up'to 5 Mbaud (synchronous or asynchronous, TX or RX, and master or slave) or 1 Mbaud Smartcard (TX
or RX).

Individual'enables for generated clocks during start, stop, and idle states.

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 (with separate enables).
Transmit and receive hardware flow-control.

Independent inversion correction*for'TX, RX, RTS, and CTS signals.
IrDA modulation and demodulation with pregrammable 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.

Multi-processor communications support.

4.7.2. UART (UARTO0)

The low-power UART uses two signals (TX and RX) to communicate_ serially with an external device.

The UARTO module can operate in PM8 mode by taking the clock directly from the RTCO time clock (RTCOTCLK)
and running from the low power mode charge pump. This will allow the system to conserve power while
transmitting or receiving UART traffic. The UART supports standard baud-rates.of 9600, 4800, 2400 and 1200 in
this low power mode.

The UARTO module provides the following features:

Independent transmitter and receiver configurations with separate 16-bit baud‘rate generators.
Asynchronous transmissions and receptions.
Up to 5 Mbaud (TX or RX).

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 (with separate enables).
Independent inversion correction for TX and RX signals.
Parity error, frame error, overrun, and underrun detection.
Half-duplex support.
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m  Multiple loop-back modes supported.
m  Multi-processor communications support.
m Operates at 9600, 4800, 2400, or 1200 baud in Power Mode 8.
4.7.3. SPI (SPI0, SPI1)
SPl is a 3- or 4-wire communication interface that includes a clock, input data, output data, and an optional select
signal.
The SPI0 and SPI1 modules include 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 FIFQ.buffers for both transmit and receive data paths to support high speed transfers.
m  Support for multiple.masters on the same data lines.
In addition, the SPI modules include several features to support autonomous DMA transfers:
m Hardware NSS control.
m Programmable FIFO threshold,levels.
m Configurable FIFO data widths.
m Master or slave hardware flow/ control for the MISO and MOSI signals.

SPI1 is on fixed pins and supports additional flow control options using a fixed input (SPI1CTS). Neither SPI1 nor
the flow control input are on the crossbar.

4.7.4.12C (12C0)
The 12C interface is a two-wire, bi-directional serial bus. The 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 12C 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 12C 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 I12C interface may operate as a master and/or slave, and may function ona bus with multiple masters. The 12C
provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic, and start/
stop control and generation.

The 12C0 module includes the following features:

m 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.
Spike suppression up to 2 times the APB period.
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4.8. Analog

4.8.1. 12-Bit Analog-to-Digital Converter (SARADCO)

The SARADCO module on SiM3L1xx devices implements the Successive Approximation Register (SAR) ADC
architecture. The key features of the module are as follows:

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.
DC offset cancellation.

Automatic result notification with multiple programmable thresholds.

Supportfof Burst Mode, which produces one set of accumulated data per conversion-start trigger with
programmable pewer-on settling and tracking time.

Non-burst made operation can also automatically accumulate multiple conversions, but a conversion start
is required for each conversion.

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

Flexible output data formatting.

m Sequencer allows up to eight'sources to be automatically scanned using one of four channel characteristic

profiles without software intervention.
Eight-word conversion data FIFO for DMA operations.

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.

4.8.2. 10-Bit Digital-to-Analog Converter (IDACO0)

The IDAC module takes a digital value as an input and putputs 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 sevensexternal 1/0 and on demand output update
triggers.

Ability to update on rising, falling, or both edges for any of the'external I/O trigger sources.
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'intéractions.
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.

4.8.3. Low Current Comparators (CMP0, CMP1)

The Comparators take two analog input voltages and output the relationship between these voltages (less than or
greater than) as a digital signal. The low power comparator module includes the following features:

Multiple sources for the positive and negative inputs, including VBAT, VREF, and 8 1/O pins.

Two outputs available: a digital synchronous latched output and a digital asynchronous raw output/
Programmable hysteresis and response time.

Falling or rising edge interrupt options on the comparator output.

6-bit programmable reference divider.
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4.9. Reset Sources
Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this reset
state, the following occur:

m The core halts program execution.

m Module registers are initialized to their defined reset values unless the bits reset only with a power-on
reset.

External port pins are forced to a known state.

Interrupts and timers are disabled.

AHB peripheral clocks to flash and RAM are enabled.

Clocks to all APB peripherals other than the Watchdog Timer and DMAXBAR are disabled.

All registers are. reset to the predefined values noted in the register descriptions unless the bits only reset with a
power-on resetsThe*contents of RAM are unaffected during a reset; any previously stored data is preserved as
long as power is not lost.

The Port 1/0O latches are reset to 1 in open-drain mode. Weak pullups are enabled during and after the reset. For
VBAT Supply Monitor and power-on resets, the RESET pin is driven low until the device exits the reset state.

On exit from the reset statesthe program counter (PC) is reset, and the system clock defaults to the internal low-
power oscillator. The Watchdog Timer is enabled with the low frequency oscillator as its clock source. Program
execution begins at location 0x00000000.

All RSTSRCO registers may be locked.against writes by setting the CLKRSTL bit in the LOCKO_PERIPHLOCKO
register to 1.

The reset sources can also optionally reset individual modules, including the low power mode charge pump,
UARTO, LCDO, advanced capture counter (ACCTRO)y/and RTCO.

Reset Sources

RESET ¥

Supply Monitor

Missing Clock
Detector

Watchdog Timer

Software Reset

system or module reset
Comparator 0

v

Comparator 1

Low Power Charge
Pump Monitor

RTCO Event
(Alarm or Osc Fail)

Core Reset

i

Figure 4.4. SiM3L1xx Reset Sources Block Diagram
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4.10. Security

The peripherals on the SiM3L1xx devices have a register lock and key mechanism that prevents undesired
accesses of the peripherals from firmware. Each bit in the PERIPHLOCKX registers controls a set of peripherals. A
key sequence must be written to the KEY register to modify bits in PERIPHLOCKXx. Any subsequent write to KEY
will then inhibit accesses of PERIPHLOCKX until it is unlocked again through KEY. Reading the KEY register
indicates the current status of the PERIPHLOCKX lock state.

If al peripheral’s registers are locked, all writes will be ignored. The registers can be read, regardless of the
peripheral’s lock state.

Peripheral Lock and Key

USARTO,

A
> E 7 UARTO

L Pj > SPI0/1

> ﬁ > 12C0
PERIPHLOCKO > ﬂ > EPCAO
KEY
PERIPHLOCK1

> j |  TIMERO/

> > SARADCO

Ea ﬁ = CMPO0/1

Figure 4.5. SiM3L1xx Security Block Diagram

4.11. On-Chip Debugging

The SiM3L1xx devices include JTAG and Serial Wire programming and debugging interfaces and ETM for
instruction trace. The JTAG interface is supported on SiM3L1x7 devices only, and does not include boundary scan
capabilites. The ETM interface is supported on SiM3L1x7, and SiM3L1x6 devices only. The JTAG and*ETM
interfaces can be optionally enabled to provide more visibility while debugging at the cost of using several'Port I/O
pins. Additionally, if the core is configured for Serial Wire (SW) mode and not JTAG, then the Serial Wire Viewer
(SWV) is available to provide a single pin to send out TPIU messages. Serial Wire Viewer is supported-on.all
SiM3Lxxx devices.

Most peripherals on SiM3L1xx devices have the option to halt or continue functioning when the core halts in debug
mode.
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5. Ordering Information

SiM3L144-B-GM

‘ |—> Temperature Grade and Package Type
Revision

Pin Count - 4 (40 pin), 6 (64 pin), 7 (80 pin)
—> Flash Size — 3 (32 kB), 4 (64 kB), 5 (128 kB), 6 (256 kB)

—>» Feature Set — varies by family

—> Family — L (Low Power)
—>» Core < M3 (Cortex M3)

—> Silicon Labs

Figure5.1. SiM3L1xx Part Numbering

All devices in the SiM3L1xx family have the followingfeatures:
m Core: ARM Cortex-M3 with maximum operating, frequency of 50 MHz.

PLL.

10-Channel DMA Controller.
128/192/256-bit AES.

16/32-bit CRC.

Encoder/Decoder.

DC-DC Buck Converter.

Timers: 3 x 32-bit (6 x 16-bit).

Real-Time Clock.

Low-Power Timer.

PCA: 1 x 6 channels (Enhanced)

ADC: 12-bit 250 ksps (10-bit 1 Msps) SAR.
DAC: 10-bit IDAC.

Temperature Sensor.

Internal VREF.

Comparator: 2 x low current.

Serial Buses: 2 x USART, 2 x SPI, 1 x 12C

Additionally, all devices in the SiM3L1xx family include the low power mode advanced capture counter (ACCGTRO),
though the smaller packages (SiM3L1x4) only support some of the external inputs and outputs.
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Table 5.1. Product Selection Guide
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SiM3L167-C-GQ |256| 32 j/160(4x40) | 62 | 38 | 24 [15/15| 14 |12} v | v | v | v | TQFP-80
SiM3L166-C-GM* |256 | 32 | 128/(4x32) | 51 | 34 | 23 |14/12| 11 | 12 Snd xd QFN-64
SiM3L166-C-GQ* 1256 | 32 | 128 (4x32)4<61 | 34 | 23 |14/12| 11 | 12 v | v | v | TQFP-64
SiM3L164-C-GM [256 | 32 28 W26 | 20 | 9/10 | 11 5 vl v QFN-40
SiM3L157-C-GQ* | 128 | 32 | 160 (4x40) | 62| 88" 24 [15/15| 14 |12} v | v | v | v | TQFP-80
SiM3L156-C-GM* |128 | 32 | 128 (4x32) | 51 | 34 23 j14/12| 11 | 12 Snd I QFN-64
SiM3L156-C-GQ* 128 | 32 | 128 (4x32) | 51 | 34 | 23 |14/12| 11 | 12 v | v | v | TQFP-64
SiM3L154-C-GM* | 128 | 32 28 | 26 | 20 | 9/10 | 11 5 vl v QFN-40
SiM3L146-C-GM* | 64 | 16 | 128 (4x32) | 51 | 34 | 23 [14/124°11 | 12 Snd I QFN-64
SiM3L146-C-GQ* | 64 | 16 | 128 (4x32) | 51 | 34 | 23 |14/12| 114 12 v | v | v | TQFP-64
SiM3L144-C-GM* | 64 | 16 28 | 26 | 20 | 9/10 | 11 5 vl v QFN-40
SiM3L136-C-GM* | 32 | 8 | 128 (4x32) | 51 | 34 | 23 [14/12| 11 | 12 v | v QFN-64
SiM3L136-C-GQ* | 32 | 8 | 128 (4x32) | 51 | 34 | 23 |14/12| 11 | 12 v | v v | TQFP-64
SiM3L134-C-GM* | 32 | 8 28 | 26 | 20 | 9/10 | 11 5 v QFN-40

*Note: End of Life.
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6. Pin Definitions
6.1. SiM3L1x7 Pin Definitions
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P03 [ © [ 0 ] pPB1.6/TDI
PB0.2 [2 ] 5 ] pB1.7
PB0.1 [ | [ 5 | pB1.8
PB0.0 [ | [ 57 ] PB1.9
TMS /SWDIO [ 5| [ % ] PB1.10
TCK /SWCLK [ 6 | [ 5 | PB1.11
vio [7_] [ 54 ] PB2.0
VIORF [ | [ =2 ] pB2.1
VDRV [ ¢ | [ 52 | vss
VBAT / VBATDC [ 10| 80-Pin . TQFP [ 51 ] PB2.4
IND [ ] [ 50 ] PB25
VSS /VvssSDC [ 2| [ 4 ] PB26
vDC [[13] | 48 | PB2.7
PB4.15/ TRACECLK [ 1| | 47 ] PB3.0
PB4.14 /ETMO [ 15 | [ 46 ] PB3.1
PB4.13/ETM1 [ 16 | | 45 ] PB3.2
PB4.12 /ETM2 [ 17 | [ 4] PB3.3
PB4.11/ETM3 [ 18| | 3] PB3.4
PB4.10 [ 19 | [ 22 ] PB35
PB4.9 [20 | [ 41 ] PB3.6
N 1 1
2ieesogcogpeIo e ansy
EEREEEEEEES R R
Figure 6.1. SiM3L1x7-GQ Pinout
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7

s @
g 5
o | 2 2|2
G| s = | =, 2
E | € 2 48 5 5
@ [e] o o o o .= E=]
» | a S S 2| 2% e
g % — ﬁ t O = g L=L,
E| S Sl s F s
5|3 |8|2|E 5|3 3
21> gle|o g 835 ©
i = = =] =
PinNam\) _Tyee | £10 |5|8|9 |5 |8 z
VSS Ground 12
31
52
71
VSSDC Ground (DG* 712
DC)
VIO Power (I/O) 7
30
68
VIORF Power (RF I/O) | 8
VBAT/ 10
VBATDC
VDRV 9
VDC 13
VLCD Power (LCD | 67
Charge Pump)
IND DC-DC Inductor| 11
RESET Active-low 72
Reset
TCK/ JTAG / Serial | 6
SWCLK Wire
TMS/ JTAG / Serial | 5
SWDIO Wire
RTC1 RTC Oscillator | 70
Input
RTC2 RTC Oscillator | 69
Output
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7 (Continued)

s P
® 5
o | 2 2| 2
I'GI' © = g, £ ") ]
£l E |2 4155 &
7 [*) o o o o .= -
g1a ° 9 2 2% e
R Y 15| £ o|F § 2
E|S S| &2 sk
3| % w | =| £ S| £ ® g
21> 21| gl g3 E
i = = > =/
Pin'Name Type T g 518 Q 3|33 2
PB0.0 Standard /O | 4 | VIO | v | v v INTO.0 ADC0.20
WAKE.O VREF
CMPOP.0
PBO.1 Standard 1/0 3 | VIO a4 v’ INTO.1 ADCO0.21
WAKE.1 VREFGND
CMPON.O
PBO0.2 Standard I/0 241 MO vl v v’ INTO.2 ADCO0.22
WAKE.2 CMP1P.0
XTAL2
PBO0.3 Standard I/0 1 VIO v v’ INTO.3 ADCO0.23
WAKE.3 CMP1N.O
XTALA
PB0.4 Standard /O | 80 | VIO and v’ INTO.4 ADCO0.0
WAKE .4 CMPOP.1
IDACO
PBO0.5 Standard 1/0 79 | VIO v v v’ INTO0.5 ACCTRO_INO
WAKE.5
ACCIR0,STOPO
PB0.6 Standard /O | 78 | VIO and v’ INTO.6 ACCTRO_IN1
WAKE .6
ACCTRO_STOP1
PBO.7 Standard 1/0 77 | VIO v v v’ INTO.7 ACCTRO_LCINO
WAKE.7
PB0.8 Standard /0 |76 | VIO | v | v v LPTOTO ACCTRO_LGIN1
LPTOOUTO
INTO.8
WAKE.8
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7 (Continued)

s P
° 5
o | > 2| 2
L 'a = g’ E » [72]
gSlE |3 1% g 5
~| o 8 o 9| 8 =]
g1a © Q D 239 o
3% 2l5| ¢ 8| F § 3
E| 8 S 5|2 Flso
5| 35 w | =| £ 5| Ew S
21> 21| gl g3 E
i B - = 4
PiName’l Ty | £12 |5 &9 |3 |E8 5
PBO0.9 Standard /O | 75 | VIO a4 v’ LPTOT1 ADCO.1
INTO.9 CMPON.1
WAKE.9
ACCTRO_LCPULO
PB0.10 Standardd/O /| 74 | VIO | v | v v LPTOT2 ADCO0.2
INTO.10 CMP1P.1
WAKE.10
ACCTRO_LCPULA1
PBO0.11/ Standard /O / | 73 | VIO v v v’ LPTOT3 ADCO0.3
Wire Viewer INTO.11
WAKE. 11
PB1.0 Standard /O | 66 | VIO | v | v[LCDO0.39 LPTOT4 CMPOP.2
INTO.12
ACCTRO_LCBIASO
PB1.1 Standard /O | 65 | VIO v" | v |LCDO0.38 LPTOT5 CMPON.2
INTO0.13
ACCTRO_LCBIAS1
PB1.2 Standard /O | 64 | VIO | v | v |LCDO0.37 LPTOT6 CMP1P.2
INTO14
UARTO_TX
PB1.3 Standard 1/O 63 | VIO v" | v |LCD0.36 LPTOT?7 CMP1N.2
INTO.15
UARTO_RX
PB1.4 Standard /O | 62 | VIO v" | v |LCDO0.35 ACCTRO_DBGO ADCO0 .4
PB1.5 Standard 1/0 61 VIO v | v |LCD0.34 ACCTRO_DBG1 ADCO0.5
PB1.6/TDI | Standard I/O/ | 60 | VIO v | v |LCD0.33 ADCO0.6
JTAG
PB1.7 Standard /O | 59 | VIO | v | v |LCDO0.32 RTCOTCLK_OUT ADCO0.7
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7 (Continued)

s P
o S
o | 2 2| 2
I'GI' © = g, £ ") o
F|E |2 415 s 5
~| o S o o | .8 £
g1 a © 9 | D735 2
21s |92/5|¢ S|F § 3
E|S S| &2 sk
3| % w | =| £ S| £ ® g
Pin'N T cls &l5l8 2S£ g
ifNagh ype g | 2 S| &9 o |da <
PB1.8 Standard /O | 58 | VIO | v | v |LCDO0.31 CMPOP.3
PB1.9 Standard /O | 57 | VIO v" | v |LCDO0.30 CMPON.3
PB1.10 Standard'1/O, | 56 | VIO | v | v |LCDO0.29 CMP1P.3
PB1.11 Standard I/Q" |¢#65. | VIO v" | v |LCDO0.28 CMP1N.3
PB2.0 Standard /O |54 /VIORF| v | v LPTOTS ADCO0.8
INT1.0 CMPOP.4
WAKE.12
SPI1_CTS
PB2.1 Standard I/O | 53 |VIORF | ¥V |«v° LPTOT9 ADCO0.9
INT1.1 CMPON .4
WAKE.13
VIORFCLK
PB2.4 Standard /O | 51 |VIORF| v | v LPTOT12 ADCO0.10
INT1.4 CMPOP.5
SPI1_SCLK
PB2.5 Standard /O | 50 |VIORF| v | v LPTOT13 ADCO.11
INTA1.5 CMPON.5
SPI1”_MISO
PB2.6 Standard /O | 49 |[VIORF| v | v LPTOT14 ADCO0.12
INT1.6 CMP1P.5
SPI1_MOSI
PB2.7 Standard /O | 48 |VIORF| v | v~ INT1.7 ADC0M3
SPI1_NSS CMP1N.5
PB3.0 Standard /O | 47 | VIO v | v |LCDO0.27 INT1.8 ADCO0/14
PB3.1 Standard /O | 46 | VIO v" | v |LCD0.26 INT1.9 ADCO0.15
PB3.2 Standard /O | 45 | VIO v" | v |LCD0.25 INT1.10 ADCO0.16
PB3.3 Standard /O | 44 | VIO v | v |LCDO0.24 INT1.11 ADCO0.17
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7 (Continued)

S P

g 5

o c 2 22

"G" s = Q| £ " )

~ | E 2 -1 35 5

~| o o ® 2 9.2 =

g o © o 21 2% 2

21y |2/8|¢ 8| F S H

E | S S| &2 ol

3| % | =S| £ 5| E % 3

21> 2 | glsx T
i et > =

PifName’ e | £10 5|28 |5 |&& g
PB3.4 Standard /O | 43 | VIO v" | v |LCDO0.23 INT1.12 CMPOP.6
PB3.5 Standard I/O | 42 | VIO v" | v |LCDO0.22 INT1.13 CMPON.6
PB3.6 Standard'l/O) | 41 | VIO v | v |LCDO0.21 INT1.14 CMP1P.6
PB3.7 Standard I/QO" |#40, | VIO v | v |LCDO0.20 INT1.15 CMP1N.6
PB3.8 Standard I/O  |"394 VIO v~ |LCDO0.19 CMPOP.7
PB3.9 Standard I/O | 38 | VIO v~ |LCDO0.18 CMPON.7
PB3.10 Standard /O | 37 | VIO v |LCDO0.17 CMP1P.7
PB3.11 Standard I/O | 36 | VIO v/LCDO0.16 CMP1N.7
PB3.12 Standard /O | 35 | VIO v 4.LEDO0.15 ADCO0.18
PB3.13 Standard /O | 34 | VIO v~ |LCDO0.14 ADCO0.19
PB3.14 Standard /O | 33 | VIO v~ | COMO0.3
PB3.15 Standard /O | 32 | VIO v~ | COMO0.2
PB4.0 Standard /O | 29 | VIO v~ | COMO0.1
PB4.1 Standard /O | 28 | VIO v~ | COMO0.0
PB4.2 Standard I/O | 27 | VIO v~ | LCDO0.13
PB4.3 Standard /O | 26 | VIO v~ | LCD0.12
PB4.4 Standard /O | 25 | VIO v~ | LCDO0.11
PB4.5 Standard /O | 24 | VIO v~ | LCDO0.10
PB4.6 Standard /O | 23 | VIO v~ | LCDO0.9 PMU_Asleep
PB4.7 Standard /O | 22 | VIO v~ | LCDO0.8
PB4.8 Standard /O | 21 | VIO v" | LCDO0.7
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Table 6.1. Pin Definitions and Alternate Functions for SiM3L1x7 (Continued)

S P
0 5
o | . 2 2| 2
5| ® = e £, )
| E 2 4|5 S 5
7 o o o o [ 4 -
g1a ° 9 2 2% e
318 |9/5|¢ S| F 5 2
E | S S| &2 ol
3| % w | =| £ S| £ ® g
21> 2l el glsx ©
i — = =] -
Pin'Name Type T g S8 Q 3|33 2
PB4.9 Standard /O | 20 | VIO v" | LCDO0.6
PB4.10 Standard 1/O 19 | VIO v" | LCDO0.5
PB4.11/ Standardd/Oy/ | 18 | VIO v" | LCDO0.4
ETM3 ETM
PB4.12/ Standard I/O /#| 17 4. VIO v" | LCDO0.3
ETM2 ETM
PB4.13/ Standard I/O/ | 16 | VIO v" | LCDO0.2
ETM1 ETM
PB4.14/ Standard I/O/ | 15| VIO v" | LCDO.1
ETMO ETM
PB4.15/ Standard I/O/ | 14 | VIO v [(WECDO.0
TRACE- ETM
CLK
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6.2. SiM3L1x6 Pin Definitions

>
B

MTwoNQAll-nno - N®S

O 00000 O0O|N OO0 T~ « « «—

PP EPR RS

paRERERRRRRRERERER
peo2 (1] O % | pR15
PBO.1 [ 2 | 4 | pB1.6
PBO:0, [ 3 | % | pB1.7
SWDIO [.4 | 55 | pB1.8
sweLk'[ s “ | pB1.9
vio [[e4 % | PB1.10
VIORF / VDRV [ 7 4 2 | pB2.0
VBAT / VBATDC [_& | - 41 | vss
no (o] 64 Pin TQFP o] paa s
VSS/vssbc [10] » | P25
vDC [t ] 3 | pB2.6
PB4.12 / TRACECLK [ 12 | 37 ] pB2.7
PB4.11/ETM0 [13_| 3% | pPB3.0
PB4.10/ETM1 [ 3% | PB3.1
PB4.9/ETM2 [15 ¥ | pB3.2
PB4.8/ETM3 [ 16 3 | pB3.3
|\ J

PB4.7 [17_|
PB4.6 [ 18|
PB4.5 [19 ]
PB4.4 [[20 |
PB4.3 [21 |
PB4.2 [ 22
PB4.1 [ 23
PB4.0 [ 24|
PB3.11 [ 25
© PB3.10 [26|
PB3.9 [ 27|
PB3.8 .28
PB317+[o29.
PB3.6 [ 30|
PB3.5 [ 3
PB3.4 [ 32

Figure 6.2. SiM3L1x6- Pinout
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PBO0.2
PBO0.1
PBO0.0
SWDIO
S‘WCLK
VIO
VIORF / VDRV
VBAT / VBATDC
IND
VSS /VSSDC
VvDC
PB4.12 / TRACECLK
PB4.11 / ETMO
PB4.10 / ETM1
PB4.9 / ETM2

PB4.8 / ETM3

-

SEICEICSEISICIRE 2 G EIS 1P

( 64 PBO0.3

( 63 PB0.4

@ PBO0.5

(61 | PBO®

@ PB0.7

( 59 PB0.8

( 58 PB0.9 / SWV

( 55 RTC2

( 54 VLCD

@ PB1.0

( 52 PB1.1

( 51 PB1.2

64 pin QFN

(TopView)

VSS

9

1

g

@ PB1.3

( 49 PB1.4

e ] e e e e e ) e ] e e
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Figure 6.3. SiM3L1x6-GM Pinout

PB3.5 31 )
PB3.4 32 )

PB1.5
PB1.6
PB1.7
PB1.8
PB1.9
PB1.10
PB2.0
VSS
PB2.4
PB2.5
PB2.6
PB2.7
PB3.0
PB3.1
PB3.2

PB3.3
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Table 6.2. Pin Definitions and Alternate Functions for SiM3L1x6

2
1) =2
< E lg’ g )
E |3 245 g 5
" [} o o <@ o = =
"N-) S o 2| 23 2
g % — -t:J t O - g LE
E| = 8 s |2 Els
5|5 |9 |2|E 5| ® S
21> 8 £ |0 gl g3 ©
i — = =] 2
Pin Name Type & g S n? 3 31383 &
VSS Ground 10
41
VSSDC Ground (DC-DC).| 10
VIO Power (I/O) 6
VIORF / Power (RF I/O) | 7
VDRV
VBAT / 8
VBATDC
VDC 11
VLCD Power (LCD 54
Charge Pump)
IND DC-DC Inductor | 9
RESET Active-low Reset | 57
SWCLK Serial Wire 5
SWDIO Serial Wire 4
RTC1 RTC Oscillator | 56
Input
RTC2 RTC Oscillator | 55
Output
PB0.0 Standard /0O 3| VIO | XBR| v v INTO.0 ADCO0.20
0 WAKE.O VREE
CMPOP.0O
PBO.1 Standard I/O 2 VIO | XBR | v v’ INTO.1 ADCO0.22
0 WAKE .2 CMPON.0
CMP1P.0
XTAL2
64 Rev 1.2

SILICON LABS




SiM3L1xx

Table 6.2. Pin Definitions and Alternate Functions for SiM3L1x6 (Continued)

P
1) =
£ | 3|2 .
E |2 4|5 2 5
o S o o2 | o8 s
gl10Q © Q o 2% e
31 |2 |§8|¢€ 8| F § >
£ & s |58 E gL p
5% ® = | £ 5w S
. =12 |8 |t]a £l g3 s
Pin Name Type =9 S 219 5 |da <
PB0.2 Standard 1/0 1| VIO | XBR| v v INTO.2 ADC0.23
0 WAKE.3 CMP1N.0
XTAL1
PB0.3 Standard#/0 | 64 | VIO | XBR | v v INTO.3 ADCO0.0
0 WAKE .4 CMPOP-1
IDACO
PB0.4 Standard /0 | 634 MQ | XBR | v v INTO.4 ACCTRO_INO
0 WAKE.5
ACCTRO_STOPO
PB0.5 Standard /0 | 62 | VIO |XBR| v v INTO.5 ACCTRO_IN1
0 WAKE.6
ACCTRO_STOP1
PB0.6 Standard /0 | 61| VIO | XBR | v v INTO.6 ACCTRO_LCINO
0 WAKE.7
PB0.7 Standard /0 |60 | VIO | XBR | v v LPTOTO ACCTRO_LCIN1
0 LPTOOUTO
INTO.7
WAKE.8
PB0.8 Standard I/O 50| VIO | XBR | v v LPTOTA ADCO0.1
0 INTO.8 CMPON. 1
WAKE.9
ACCTRO_LCPULO
PB0.9/SWV | Standard /O |58 | VIO | XBR | v v LPTOT2 ADCO0.2
/Serial Wire 0 INTO.9 CMPAPA
Viewer WAKE.10
LPTOOUT1
ACCTRO_LCPUL1
PB1.0 Standard /0 | 53 | VIO | XBR | v | LCDO0.31 LPTOT4 CMPOP2
0 INTO0.12
ACCTRO_LCBIASO
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Table 6.2. Pin Definitions and Alternate Functions for SiM3L1x6 (Continued)

P
o =
£ | £ 9|2 0
E |2 2|5 2 5
” o o o K o .= -
s/ |3 8 3|28 2
31 |2 |§8|¢€ S| F S 3
E| 8 8 s |2 E sk
3|9 o | =|E 5| E B S
i > 4 t | o gl ex T
i - = =] 2
PnNeme  Tyee | £|2 |5 8|8 |5 && %
PB1.1 Standard /O | 52 | VIO | XBR | v | LCDO0.30 LPTOT5 CMPON.2
0 INT0.13
ACCTRO_LCBIAS1
PB1.2 Standard1/0"_ | 51 | VIO | XBR | v | LCD0.29 LPTOT6 CMP1P.2
0 INTO.14
UARTO_TX
PB1.3 Standard /0 | 504 M@ | XBR | v | LCDO0.28 LPTOT7 CMP1N 2
0 INTO0.15
UARTO_RX
PB1.4 Standard /O | 49 | VIO |XBR'| v |LCD0.27 ACCTRO DBGO ADCO.3
o »
PB1.5 Standard /O | 48 | VIO | XBR | ¥ | LCDO0.26 ACCTRO_DBG1 ADCO0.4
0
PB1.6 Standard /O | 47 | VIO | XBR | v | LCGD0:25 RTCOTCLK OUT ADCO0.5
0 _
PB1.7 Standard I/O | 46 | VIO | XBR | v | LCDO0.24 CMPOP3
0
PB1.8 Standard /0 | 45| VIO | XBR | v |LCDO0.23 CMPON.3
0
PB1.9 Standard /O | 44 | VIO | XBR | v |LCDO0.22 CMP1P3
0
PB1.10 Standard /O | 43 | VIO | XBR | v | LCD0.21 CMP1N 3
0
PB2.0 Standard /0 | 42 | VIOR | XBR | v LPTOTS ADCO0.6
F 0 INT1.0 CMPOP.4
WAKE. 12
SPI1_CTS
PB2.4 Standard /O | 40 | VIOR | XBR | v LPTOT12 ADCO.7
F 0 INT1.4 CMPOP.5
SPI1_SCLK
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Table 6.2. Pin Definitions and Alternate Functions for SiM3L1x6 (Continued)

2
1) >
£ | £ 3|2 .
E |2 2|5 2 5
" [*) o o o o .= =]
g8 ° 9 2 2% e
2% S |5|¢ 8| F § 3
E| S 8 |5 | & Els &
5| % a8 | 2| E S| €3 S
21> 2 g |a g8z =
i = = > =]
Pntame” Tyee | £10 |5 |28 |3|&& %
PB2.5 Standard I/O 39 | VIOR | XBR | v~ LPTOT13 ADCO0.8
F 0 INT1.5 CMPON.5
SPI1_MISO
PB2.6 Standard/O_| 38 | VIOR | XBR | v~ LPTOT14 ADCO0.9
F 0 INT1.6 CMP1P.5
SPI1_MOSI
PB2.7 Standard I/O | 374 VIOR | XBR | v~ INT1.7 ADCO0.10
F 0 SPI1_NSS CMP1N.5
PB3.0 Standard I/O 36 | VIO 4 XBR |» v | LCD0.20 INT1.8 ADCO.11
0
PB3.1 Standard I/O 35| VIO | XBR | W | LCDO0.19 INT1.9 ADCO0.12
0
PB3.2 Standard I/O 34| VIO | XBR | v77| LCDO.18 INT1.10 CMPOP.6
0
PB3.3 Standard I/O 33| VIO | XBR | v | LCDO7 INT1.11 CMPON.6
0
PB3.4 Standard /O | 32 | VIO | XBR | v | LCDO0.16 INT1.12 CMPOP.7
0
PB3.5 Standard I/O 31| VIO | XBR | v |LCDO0.15 INT1.43 CMPON.7
0
PB3.6 Standard /O | 30 | VIO | XBR | v | LCDO0.14 INT1.14 CMP1R.7
0
PB3.7 Standard I/O 29 | VIO | XBR | v | LCDO0.13 INT1.15 CMP1N.7
0
PB3.8 Standard I/O 28 | VIO v~ | LCDO0.12 ADCO0 .13
PB3.9 Standard I/O 27 | VIO v~ | LCDO0.11 ADCO0.14
PB3.10 Standard I/O | 26 | VIO v~ | COMO0.3
PB3.11 Standard /O | 25 | VIO v~ | COMO0.2
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Table 6.2. Pin Definitions and Alternate Functions for SiM3L1x6 (Continued)

2
1) >
£ |£ 3| 2 .
E |2 2|5 2 5
" [e] o o <@ o .= =
g1 0o © o 2 2% 2
81 S |5t 8| F S 3
E| 8 8 s |2 Fls e
5| % a8 | 2| E S| €3 S
21> 2 g |a g8z =
i = = > =]
PinName Tye | £10 |5 |29 |8|X3 £
PB4.0 Standard I/O 24 | VIO v~ | COMO.1
PB4.1 Standard.I/O | 23 | VIO v~ | COMO0.0
PB4.2 Standardd/O 22 | VIO v~ | LCDO0.10 ADCO0.19
PB4.3 Standard I/O 21| VIO v" | LCDO0.9
PB4.4 Standard I/O 20 4 VIO v~ | LCDO0.8
PB4.5 Standard I/O 19 | "VWIO v~ | LCDO0.7
PB4.6 Standard 1/0 18 | VIO v" | LCDO0.6 PMU_Asleep
PB4.7 Standard I/O 17 | VIO v" | LCDO0.5
PB4.8/ETM3| StandardI/O/ | 16 | VIO v (LCDO0.4
ETM
PB4.9/ETM2| Standard1/O/ | 15| VIO v~ | LCDO.3
ETM
PB4.10/ Standard I/O/ | 14 | VIO v~ | LCDO0.2
ETM1 ETM
PB4.11/ Standard I/O/ | 13 | VIO v" | LCDO0.1
ETMO ETM
PB4.12/ Standard I/O/ | 12 | VIO v" | LCDO0.0
TRACECLK ETM
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6.3. SiM3L1x4 Pin Definitions

>
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N o % © W = N N
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om m om m om L = = m om
o o o o o [n'd [hd e o o
< (32] (2] ™ ™ (32] ™ ™ (2] ™
PBO0.1 1 ) ( 30 PBO0.9
PB0.0 2 ) ( 29 PB2.0
SWDIO 3 44 ( 28 PB2.1
SWCLK 4 ) ( 27 PB2.2
VIO 5 . 26 PB2.3
[ 5 ) 40 pin QFN (26 |
VIORF/VDRV | 6 ) (Top View) (25 | vss
VBAT / VBATDC 7 ) ( 24 PB2.4
IND 8 ) ( 23 PB2.5
VSS /VSSDC 9 ) ( 22 PB2.6
VSS
vDC 10 ) ( 21 PB2.7
) ) Y 4\ )
~ N (4p] < (e} © N~ © (o)) o
— ~— ~ - — ~— ~— [ » ~— [q\]
(42] (42] ™ (42] (42] (42] ™ (32] ™ [42]
m m m m m m m m o m
o o o o o o o o o o
Figure 6.4. SiM3L1x4-GM Pinout
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Table 6.3. Pin Definitions and Alternate Functions for SiM3L1x4

2
1) =2
.% E 'g’ iC:' )
E |2 J15 2 5
o S o | .0 =
g1 0 S 21 2% 2
318 - |6§|0|F 5§ Z
E| & I 5| E s o
3|9 7] = | 3| E® o
_ | 2 g |t 1225 ©
— fud — c
Pin Name Type & g 5 8 o S <
VSS Ground 9
25
VSSDC Ground'(DC-DC) 9
VIO Power (1/O) 5
VIORF / Power (RF 1/0) 6
VDRV
VBAT / 7
VBATDC
VDC 10
IND DC-DC Inductor 8
RESET Active-low Reset 35
SWCLK Serial Wire 4
SWDIO Serial Wire 3
RTC1 RTC Oscillator Input | 34
RTC2 RTC Oscillator 33
Output
PBO0.0 Standard /O 2 VIO [XBRO| v | v INTO.0 ADCO0.20
WAKE.O VREF
CMPOP.0
PBO0.1 Standard I/O 1 VIO |XBRO| v | v INTO.1 ADC022
WAKE.2 CMPON.O
CMP1P:0
XTAL2
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Table 6.3. Pin Definitions and Alternate Functions for SiM3L1x4 (Continued)

2
1) =
£ | £ 3|2 .
£ |8 4|y 2 5
o 8 92 | 0.2 =
g1 o S 2| 2% e
318 - |S§|Q8|F 5 2
E| S 8 |s|lE|lsKk o
5|0 7] = | 3| £t ® <)
i > @ t| 2|25 ©
i — e 3 —
Pin Name Type = | 9 5 - -
PBO0.2 Standard I/O 40 | VIO |XBRO| v | v INTO.2 ADCO0.23
WAKE.3 CMPON.1
CMP1N.O
XTAL1
PBO0.3 Standard /O 39| VIO |[XBRO| v | v INTO.3 ADCO0.0
WAKE.4 CMPOPA1
IDACO
PB0.4 Standard I/0O 38 VIO [XBRO| v | v INTO.4 ACCTRO_INO
WAKE.5
PBO0.5 Standard I/0O 37 | VIO /[XBRO| v | v INTO.5 ACCTRO_IN1
WAKE.6
PBO0.6/SWV Standard 1/0 36| VIO |[XBRO) v | v LPTOTO
/Serial Wire Viewer LPTOOUTO
INTO.6
WAKE.8
PBO.7 Standard 1/0 32| VIO |[XBRO| v | v LPTOT6 CMP1P.2
INTO.7
UARTO. TX
PB0.8 Standard 1/0 31| VIO [XBRO| v | v LPTOT? CMP1N.2
INTO.8
UARTO_RX
PB0.9 Standard 1/O 30| VIO [XBRO| v | v LPTOT1 ADCO0.1
INTO.9
RTCOTCLK_OUT
PB2.0 Standard I/0O 29 |VIORF|XBRO| v~ LPTOTS ADCO0¢2
INT1.0 CMPOP4
WAKE.12
SPI1_CTS
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Table 6.3. Pin Definitions and Alternate Functions for SiM3L1x4 (Continued)

2
1) =1
£ | £ 3|2 .
£ |8 4|y 2 5
o S o | o.8 s
210 m 2| 27 2
2% © |51 8|F 5 2
E| S s T C s o
3| o » = | 3| £€E® <)
ol g || & g3 El
i — - =] —
Pin Name Type & g 5 13|58 2
PB2.1 Standard I/O 28 |VIORF | XBRO| v~ LPTOT9 ADCO0.3
INT1.1 CMPON.4
WAKE.13
VIORFCLK
PB2.2 Standard /O 27 |VIORF | XBRO| v~ LPTOT10 ADCO0.4
INT1.2 CMP1P4
WAKE. 14
PB2.3 Standard I/O 26¢| VIORF | XBRO| v~ LPTOT11 ADCO0.5
INT1.3 CMP1N .4
WAKE.15
PB2.4 Standard I/O 24 |VIORF/XBRO| v~ LPTOT12 ADCO0.6
INT1.4 CMPOP.5
SPI1_SCLK
PB2.5 Standard /O 23 |VIORF | XBRO| v LPTOT13 ADCO0.7
INT1.5 CMPON.5
SPI1_MISO
PB2.6 Standard 1/0 22 |VIORF|XBRO| v LRTOT14 ADCO.8
INT4.6 CMP1P.5
SPI1_MOSI
PB2.7 Standard I/O 21 |VIORF | XBRO| v INT1.7 ADCO0.9
SPI1_NSS CMP1N.5
PB3.0 Standard /O 20| VIO |XBRO| v INT1.8 CMPON.7
PB3.1 Standard /O 19| VIO [XBRO| v INT1.9 CMP1P.7
PB3.2 Standard /O 18 | VIO [XBRO| v INT1.10 CMPAN7
PB3.3 Standard /O 17 | VIO [XBRO| v~ INT1.11 ADCO0+10
PB3.4 Standard /O 16 | VIO [XBRO| v INT1.12 ADCO0.11
PB3.5 Standard I/O 15| VIO [XBRO| v INT1.13 ADCO0.12
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Table 6.3. Pin Definitions and Alternate Functions for SiM3L1x4 (Continued)

2
1) =2
.g E -g’ g )
£ |8 4|y 2 5
o S o | o .9 =
gl1a S 2| 2% 2
318 s |8 |08 |F S Z
E| S s T C s o
S| o ] = | 3| £ ® 0
i > @ t| 2|25 ©
i — - =] —
Pin Name Type & g 5 8 ol X8 g
PB3.6 Standard 1/0 14 | VIO |XBRO| v INT1.14 ADCO0.13
PB3.7 Standard 1/0 13| VIO |XBRO| v INT1.15 ADCO0.14
PB3.8 Standard l/O 12 | VIO v’ ADCO0.15
PB3.9 Standardd/O 11 VIO v’ ADCO0.16
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6.4. TQFP-80 Package Specifications
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Figure 6.5. TQFP-80 Package Drawing
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Table 6.4. TQFP-80 Package Dimensions

Dimension Min Nominal Max
A — — 1.20
A1 0.05 — 0.15
A2 0.95 1.00 1.05
b 0.17 0.20 0.27
c 0.09 — 0.20
D 14.00 BSC
D1 12.00 BSC
0.50 BSC
E 14.00 BSC
EA 12.00 BSC
L 0.45 0.60 0.75
L1 1.00 Ref
(©] 0° 3.5° 7°
aaa 0.20
bbb 0.20
cce 0.08
ddd 0.08
eee 0.05
Notes:
1. All dimensions shown are in millimeters (mm).nless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This package outline conforms to JEDEC MS-026,variant ADD.
4. Recommended card reflow profile is per the JEDEC/IPCJ-STD-020

specification for Small Body Components.
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Figure 6.6. TQFP-80 Landing Diagram

Table 6.5. TQFP-80 Landing Diagram Dimensions

Dimension Min Max

C1 13.30 13.40

C2 13.30 13.40

0.50 BSC
0.20 0.30
1.40 1.50
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise
2. '??E?énd pattern design is based on the IPC-7351 guidelines.
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6.4.1. TQFP-80 Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad
is to be 60 yum minimum, all the way around the pad.

6.4.2. TQFP-80 Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.

2./ The stencil thickness should be 0.125 mm (5 mils).

3. Theyratio of stencil aperture to land pad size should be 1:1 for all pads.
6.4.3. TQFP-80 Card Assembly

1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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6.5. QFN-64 Package Specifications
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Figure 6.7. QFN-64 Package Drawing
Table 6:6. QFN-64 Package Dimensions
Dimension Min Nominal Max
A 0.80 0.85 0.90
A1 0.00 0.02 0.05
b 0.18 0.25 0.30
D 9.00 BSC
D2 3.95 410 4.25
0.50 BSC
E 9.00 BSC
E2 3.95 4.10 4.25
L 0.30 0.40 0.50
aaa 0.10
bbb 0.10
cce 0.08
ddd 0.10
eee 0.05
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This package outline conforms to JEDEC MO-220.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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Figure 6.8. QFN-64 Landing Diagram

Table 6.7. QFN-64 Landing Diagram Dimensions

Dimension mm
C1 8.90
C2 8.90
E 0.50
X1 0.30
Y1 0.85
X2 4.25
Y2 4.25
Notes:
1. All dimensions shown are in millimeters (mm).
2. This Land Pattern Design is based on the IPC-7351 guidelines.
3. All dimensions shown are at Maximum Material Condition (MMC).
Least Material Condition (LMC) is calculated based on a
Fabrication Allowance of 0.05 mm.
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6.5.1. QFN-64 Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad
is to be 60 yum minimum, all the way around the pad.

6.5.2. QFN-64 Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.

2./ The stencil thickness should be 0.125 mm (5 mils).
3. Theyratio of stencil aperture to land pad size should be 1:1 for all pads.

4. A'3x3 array of 1.0 mm square openings on a 1.5 mm pitch should be used for the center ground pad.
6.5.3. QFN-64 Card Assembly

1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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6.6. TQFP-64 Package Specifications
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Table 6.8. 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
0.50 BSC
E 12.00 BSC
EA 10.00 BSC
L 0.45 0.60 0.75
(©] 0° 3.5° 7°
aaa — — 0.20
bbb — — 0.20
cce =7 — 0.08
ddd — — 0.08
Notes:
1. All dimensions shown are in millimeters {mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y44.5M-1994.
3. This package outline conforms to JEDEC MS-026, variant ACD.
4. Recommended card reflow profile is perthe’"JEDEC/IPC J-STD-020

specification for Small Body Components.
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Figure 6.10. TQFP-64 Landing Diagram

Table 6.9. TQFP-64 Landing Diagram Dimensions

Dimension Min Max
C1 11.30 11.40
Cc2 11.30 11.40
0.50 BSC
0.20 0.30
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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6.6.1. TQFP-64 Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad
is to be 60 yum minimum, all the way around the pad.

6.6.2. TQFP-64 Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.

2./ The stencil thickness should be 0.125 mm (5 mils).

3. Theyratio of stencil aperture to land pad size should be 1:1 for all pads.
6.6.3. TQFP-64 Card Assembly

1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.

84 Rev 1.2

SILICON LABS



SiM3L1xx

6.7. QFN-40 Package Specifications
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Table 6.10/ QFN-40 Package Dimensions

—ﬁLL**AGXE
HH o

Dimension Min Nominal Max
A 0.80 0.85 0.90
A1 0.00 0:02 0.05
b 0.18 0725 0.30
D 6.00.BSC
D2 4.35 4.50 4.65
0.50 BSC
6.00 BSC
E2 4.35 4.5 465
L 0.30 0.40 0.50
aaa 0.10
bbb 0.10
cce 0.08
ddd 0.10
eee 0.05
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This package outline conforms to JEDEC MO-220.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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Figure 6.12. QFN-40 Landing Diagram
Table 6.11. QFN-40 Landing Diagram Dimensions
Dimension mm
C1 5.90
C2 5.90
E 0.50
X1 0.30
Y1 0.85
X2 4.65
Y2 4.65
Notes:
1. All dimensions shown are in millimeters (mm).
2. This Land Pattern Design is based on the IPC-7351 guidelines.
3. All dimensions shown are at Maximum Material Condition (MMC).
Least Material Condition (LMC) is calculated based on a
Fabrication Allowance of 0.05 mm.
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6.7.1. QFN-40 Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad
is to be 60 yum minimum, all the way around the pad.

6.7.2. QFN-40 Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.

2./ The stencil thickness should be 0.125 mm (5 mils).
3. Theyratio of stencil aperture to land pad size should be 1:1 for all pads.

4. A'3x3 array of 1.1 mm square openings on a 1.6 mm pitch should be used for the center ground pad.
6.7.3. QFN-40 Card Assembly

1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.

Rev 1.2 87
SILICON LABS



SiM3L1xx

7. Revision Specific Behavior
This chapter describes any differences between released revisions of the device.

7.1. Revision ldentification

The Lot ID Code on the top side of the device package can be used for decoding device revision information.

Figures 7.1, 7.2, and 7.3 show how to find the Lot ID Code on the top side of the device package.
In_addition, firmware can determine the revision of the device by checking the DEVICEID registers.

QFN-40
SIM3L
164

—> CCS701
« 1221

This character identifies the
device revision
Figure 7.1. SiM3L1x7-GQ Revision Information

TQFP-64

QFnN-64 NOOONN0N000000
O
SiIM3L166
C-GM
1 CCS701
/ TW

These characters identify the
device revision

Figure 7.2. SiM3L1x6-GM and SiM3L1x6-GQ Revision Information
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QFN-40

SiM3L

164

> CCS701
. 1221

This character identifies the
device revision

Figure-7.3. SiM3L1x4-GM Revision Information

®
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DOCUMENT CHANGE LIST

Revision 0.5 to Revision 1.0

m Updated Electrical Specifications Tables with latest characterization data and production test limits.

m Added missing signal ACCTRO_LCPUL1 to Table 6.2, “Pin Definitions and Alternate Functions for SiM3L1x6,”
on page 64.

m Removed ACCTRO_LCIN1 and ACCTRO_STOPO0/1 signals from Table 6.3, “Pin Definitions and Alternate
Functions for SiM3L1x4,” on page 70.

m Updated Figure 6.8, “TFBGA-80 Package Drawing,” on page 79.

Revision 1.0 to Revision 1.1
m Removed all'references to BGA-80 and the parts SiM3L167-C-GL and SiM3L157-C-GL.

Revision 1.1 to Revision 1.2
m Updated Table 5, “Ordering Information,” on page 53.
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