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2.1 Device overview

          

Table 2. Ultra-low-power STM32L041x4/ x6 device features and peripheral counts

Peripheral
STM32 
L041F4

STM32 
L041G4

STM32
L041K4

STM32 
L041C4

STM32 
L041F6

STM32 
L041E6

STM32 
L041G6

STM32
L041K6

STM32 
L041C6

Flash (Kbytes) 16 32

Data EEPROM (Kbytes) 1

RAM (Kbytes) 8

Timers

General-
purpose

3

LPTIMER 1

RTC/SYSTICK/IWDG/
WWDG

1/1/1/1

Communication 
interfaces

SPI 2(1)(1)

I2C 1

USART 1

LPUART 1

GPIOs 15 21(23)(2) 27(3) 38 15 20 21(23)(2) 27(3) 38

Clocks: HSE (4)/LSE/HSI/MSI/LSI 1/1/1/1/1

12-bit synchronized ADC
Number of channels

1
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1 Introduction

The ultra-low-power STM32L041x4/6 family includes devices in 5 different package types 
from 20 to 48 pins. The description below gives an overview of the complete range of 
peripherals proposed in this family.

These features make the ultra-low-power STM32L041x4/6 microcontrollers suitable for a 
wide range of applications:

• Gas/water meters and industrial sensors

• Healthcare and fitness equipment

• Remote control and user interface

• PC peripherals, gaming, GPS equipment

• Alarm system, wired and wireless sensors, video intercom

This STM32L041x4/6 datasheet should be read in conjunction with the STM32L0x1 
reference manual (RM0377).

For information on the ARM® Cortex®-M0+ core please refer to the Cortex®-M0+ Technical 
Reference Manual, available from the www.arm.com website.

Figure 1 shows the general block diagram of the device family.
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Table 3. Functionalities depending on the operating power supply range

Operating power supply 
range

Functionalities depending on the operating power supply range

ADC operation
Dynamic voltage 

scaling range
I/O operation

VDD = 1.65 to 1.71 V
Conversion time up 

to 570 ksps
Range 2 or 

range 3
Degraded speed 

performance

VDD = 1.71 to 2.0 V(1)

1. CPU frequency changes from initial to final must respect the condition: fCPU initial <4fCPU initial. It must also 
respect 5 ��s delay between two changes. For example to switch from 4.2 MHz to 32 MHz, you can switch 
from 4.2 MHz to 16 MHz, wait 5 ��s, then switch from 16 MHz to 32 MHz.

Conversion time up 
to 1.14 Msps

Range 1, range 2 or 
range 3

Degraded speed 
performance

VDD = 2.0 to 2.4 V
Conversion time up 

to 1.14 Msps
Range 1, range 2 or 

range 3
Full speed operation

VDD = 2.4 to 3.6 V
Conversion time up 

to 1.14 Msps
Range 1, range 2 or 

range 3
Full speed operation

Table 4. CPU frequency range depending on dynamic voltage scaling

 CPU frequency range Dynamic voltage scaling range

16 MHz to 32 MHz (1ws)

32 kHz to 16 MHz (0ws)
Range 1

8 MHz to 16 MHz (1ws)

32 kHz to 8 MHz (0ws)
Range 2

32 kHz to 4.2 MHz (0ws) Range 3

Table 5. Functionalities depending on the working mode
(from Run/active down to standby) (1)

IPs Run/Active Sleep
Low-

power 
run

Low-
power 
sleep

Stop Standby

Wakeup 
capability

Wakeup 
capability

CPU Y -- Y -- -- --

Flash memory O O O O -- --

RAM Y Y Y Y Y --

Backup registers Y Y Y Y Y Y

EEPROM O O O O -- --

Brown-out reset 
(BOR)

O O O O O O O O

DMA O O O O -- --

Programmable 
Voltage Detector 
(PVD)

O O O O O O -
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3.2 Interconnect matrix

Several peripherals are directly interconnected. This allows autonomous communication 
between peripherals, thus saving CPU resources and power consumption. In addition, 
these hardware connections allow fast and predictable latency. 

Depending on peripherals, these interconnections can operate in Run, Sleep, Low-power 
run, Low-power sleep and Stop modes. 

         

Consumption 
VDD=1.8 to 3.6 V 
(Typ)

Down to 
115 µA/MHz 
(from Flash)

Down to 
25 µA/MHz 
(from Flash)

Down to 
6.5 µA

Down to 
3.2 µA

0.35 µA (No 
RTC) VDD=1.8 V

 0.23 µA (No 
RTC) VDD=1.8 V

0.6 µA (with 
RTC) VDD=1.8 V

0.39 µA (with 
RTC) VDD=1.8 V

0.38 µA (No 
RTC) VDD=3.0 V

 0.26 µA (No 
RTC) VDD=3.0 V

0.8 µA (with 
RTC) VDD=3.0 V

0.57 µA (with 
RTC) VDD=3.0 V

1. Legend: 
“Y” = Yes (enable). 
“O” = Optional, can be enabled/disabled by software)
“-” = Not available

2. Some peripherals with wakeup from Stop capability can request HSI to be enabled. In this case, HSI is woken up by the 
peripheral, and only feeds the peripheral which requested it. HSI is automatically put off when the peripheral does not need 
it anymore. 

3. UART and LPUART reception is functional in Stop mode. It generates a wakeup interrupt on Start.To generate a wakeup on 
address match or received frame event, the LPUART can run on LSE clock while the UART has to wake up or keep running 
the HSI clock.

4. I2C address detection is functional in Stop mode. It generates a wakeup interrupt in case of address match. It will wake up 
the HSI during reception.

Table 5. Functionalities depending on the working mode
(from Run/active down to standby) (continued)(1)

IPs Run/Active Sleep
Low-

power 
run

Low-
power 
sleep

Stop Standby

Wakeup 
capability

Wakeup 
capability

Table 6. STM32L0xx peripherals interconnect matrix

Interconnect 
source 

Interconnect 
destination 

Interconnect action Run Sleep 
Low- 

power 
run 

Low- 
power 
sleep 

Stop

COMPx

TIM2,TIM21,
TIM22

Timer input channel, 
trigger from analog 
signals comparison 

Y Y Y Y -

LPTIM
Timer input channel, 
trigger from analog 
signals comparison 

Y Y Y Y Y

TIMx TIMx
Timer triggered by other 

timer
Y Y Y Y -
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The ADC can be served by the DMA controller. It can operate from a supply voltage down to 
1.65 V. 

The ADC features a hardware oversampler up to 256 samples, this improves the resolution 
to 16 bits (see AN2668).

An analog watchdog feature allows very precise monitoring of the converted voltage of one, 
some or all scanned channels. An interrupt is generated when the converted voltage is 
outside the programmed thresholds.

The events generated by the general-purpose timers (TIMx) can be internally connected to 
the ADC start triggers, to allow the application to synchronize A/D conversions and timers.

3.11 Temperature sensor

The temperature sensor (TSENSE) generates a voltage VSENSE that varies linearly with 
temperature.

The temperature sensor is internally connected to the ADC_IN18 input channel which is 
used to convert the sensor output voltage into a digital value. 

The sensor provides good linearity but it has to be calibrated to obtain good overall 
accuracy of the temperature measurement. As the offset of the temperature sensor varies 
from chip to chip due to process variation, the uncalibrated internal temperature sensor is 
suitable for applications that detect temperature changes only.

To improve the accuracy of the temperature sensor measurement, each device is 
individually factory-calibrated by ST. The temperature sensor factory calibration data are 
stored by ST in the system memory area, accessible in read-only mode. 

         

3.11.1 Internal voltage reference (VREFINT)

The internal voltage reference (VREFINT) provides a stable (bandgap) voltage output for the 
ADC and Comparators. VREFINT is internally connected to the ADC_IN17 input channel. It 
enables accurate monitoring of the VDD value (since no external voltage, VREF+, is available 
for ADC). The precise voltage of VREFINT is individually measured for each part by ST during 
production test and stored in the system memory area. It is accessible in read-only mode. 

         

Table 7. Temperature sensor calibration values

Calibration value name Description Memory address

TSENSE_CAL1
TS ADC raw data acquired at 
temperature of 30 °C, VDDA= 3 V

0x1FF8 007A - 0x1FF8 007B

TSENSE_CAL2
TS ADC raw data acquired at 
temperature of 130 °C, VDDA= 3 V

0x1FF8 007E - 0x1FF8 007F

Table 8. Internal voltage reference measured values

Calibration value name Description Memory address

VREFINT_CAL
Raw data acquired at 
temperature of 25 °C

VDDA = 3 V
0x1FF8 0078 - 0x1FF8 0079
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3.12 Ultra-low-power comparators and reference voltage

The STM32L041x4/6 embed two comparators sharing the same current bias and reference 
voltage. The reference voltage can be internal or external (coming from an I/O).

• One comparator with ultra low consumption

• One comparator with rail-to-rail inputs, fast or slow mode. 

• The threshold can be one of the following:

– External I/O pins

– Internal reference voltage (VREFINT)

– submultiple of Internal reference voltage(1/4, 1/2, 3/4) for the rail to rail 
comparator.

Both comparators can wake up the devices from Stop mode, and be combined into a 
window comparator.

The internal reference voltage is available externally via a low-power / low-current output 
buffer (driving current capability of 1 µA typical).

3.13 System configuration controller

The system configuration controller provides the capability to remap some alternate 
functions on different I/O ports.

The highly flexible routing interface allows the application firmware to control the routing of 
different I/Os to the TIM2, TIM21, TIM22 and LPTIM timer input captures. It also controls the 
routing of internal analog signals to the ADC, COMP1 and COMP2 and the internal 
reference voltage VREFINT. 

3.14 AES

The AES Hardware Accelerator can be used to encrypt and decrypt data using the AES 
algorithm (compatible with FIPS PUB 197, 2001 Nov 26):

• Key scheduler

• Key derivation for decryption 

• 128-bit data block processed 

• 128-bit key length 

• 213 clock cycles to encrypt/decrypt one 128-bit block 

• Electronic codebook (ECB), cypher block chaining (CBC), and counter mode (CTR) 
supported by hardware. 

The AES can be served by the DMA controller. 
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3.15.2 Low-power Timer (LPTIM)

The low-power timer has an independent clock and is running also in Stop mode if it is 
clocked by LSE, LSI or an external clock. It is able to wakeup the devices from Stop mode.

This low-power timer supports the following features:

• 16-bit up counter with 16-bit autoreload register

• 16-bit compare register

• Configurable output: pulse, PWM

• Continuous / one shot mode

• Selectable software / hardware input trigger

• Selectable clock source

– Internal clock source: LSE, LSI, HSI or APB clock

– External clock source over LPTIM input (working even with no internal clock 
source running, used by the Pulse Counter Application)

• Programmable digital glitch filter

• Encoder mode

3.15.3 SysTick timer

This timer is dedicated to the OS, but could also be used as a standard downcounter. It is 
based on a 24-bit downcounter with autoreload capability and a programmable clock 
source. It features a maskable system interrupt generation when the counter reaches ‘0’.

3.15.4 Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is 
clocked from an independent 37 kHz internal RC and, as it operates independently of the 
main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog 
to reset the device when a problem occurs, or as a free-running timer for application timeout 
management. It is hardware- or software-configurable through the option bytes. The counter 
can be frozen in debug mode.

3.15.5 Window watchdog (WWDG)

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It 
can be used as a watchdog to reset the device when a problem occurs. It is clocked from 
the main clock. It has an early warning interrupt capability and the counter can be frozen in 
debug mode.
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3.16 Communication interfaces

3.16.1 I2C bus

One I2C interface (I2C1) can operate in multimaster or slave modes. The I2C interface can 
support Standard mode (Sm, up to 100 kbit/s), Fast mode (Fm, up to 400 kbit/s) and Fast 
Mode Plus (Fm+, up to 1 Mbit/s) with 20 mA output drive on some I/Os.

The I2C interface supports 7-bit and 10-bit addressing modes, multiple 7-bit slave 
addresses (2 addresses, 1 with configurable mask). They also include programmable 
analog and digital noise filters.

         

In addition, I2C1 provides hardware support for SMBus 2.0 and PMBus 1.1: ARP capability, 
Host notify protocol, hardware CRC (PEC) generation/verification, timeouts verifications and 
ALERT protocol management. I2C1 also has a clock domain independent from the CPU 
clock, allowing the I2C1 to wake up the MCU from Stop mode on address match.

The I2C interface can be served by the DMA controller.

Refer to Table 11 for the supported modes and features of I2C interface.

         

Table 10. Comparison of I2C analog and digital filters

Analog filter Digital filter

Pulse width of 
suppressed spikes 

≥ 50 ns
Programmable length from 1 to 15 
I2C peripheral clocks

Benefits Available in Stop mode
1. Extra filtering capability vs. 
standard requirements.
2. Stable length

Drawbacks
Variations depending on 
temperature, voltage, process

Wakeup from Stop on address 
match is not available when digital 
filter is enabled.

Table 11. STM32L041x4/6 I2C implementation

I2C features(1)

1. X = supported.

I2C1

7-bit addressing mode X

10-bit addressing mode X

Standard mode (up to 100 kbit/s) X

Fast mode (up to 400 kbit/s) X

Fast Mode Plus with 20 mA output drive I/Os (up to 1 Mbit/s) X(2)

2. See Table 15: Pin definitions on page 38 for the list of I/Os that feature Fast Mode Plus capability 

Independent clock X

SMBus X

Wakeup from STOP X
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Table 24. Current consumption in Run mode, code with data processing running 
from Flash memory

Symbol Parameter Conditions fHCLK Typ Max(1) Unit

IDD
(Run 
from 
Flash)

Supply 
current in 
Run mode, 
code 
executed 
from Flash

fHSE = fHCLK up to 
16 MHz included, 
fHSE = fHCLK/2 above 
16 MHz (PLL on)(2)

Range 3, VCORE=1.2 V

VOS[1:0]=11

1 MHz 140 200

µA2 MHz 245 310

4 MHz 460 540

Range 2, VCORE=1.5 V, 
VOS[1:0]=10, 

4 MHz 0.56 0.63

mA

8 MHz 1.1 1.2

16 MHz 2.1 2.3

Range 1, VCORE=1.8 V, 
VOS[1:0]=01

8 MHz 1.25 1.4

16 MHz 2.5 2.7

32 MHz 5 5.6

HSI clock

Range 2, VCORE=1.5 V, 
VOS[1:0]=10,

16 MHz 2.1 2.4

Range 1, VCORE=1.8 V, 
VOS[1:0]=01

32 MHz 5.1 5.7

MSI clock
Range 3, VCORE=1.2 V, 
VOS[1:0]=11

65 kHz 34.5 110

µA524 kHz 86 150

4.2 MHz 505 570

1. Guaranteed by characterization results at 125 °C, unless otherwise specified.

2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).

Table 25. Current consumption in Run mode vs code type, 
code with data processing running from Flash memory

Symbol Parameter Conditions fHCLK Typ Unit

IDD
(Run 
from 
Flash)

Supply 
current in 
Run mode, 
code 
executed 
from Flash 
memory

fHSE = fHCLK up to 
16 MHz included, 
fHSE = fHCLK/2 above 
16 MHz (PLL ON)(1)

Range 3, 
VCORE=1.2 V, 
VOS[1:0]=11

Dhrystone

4 MHz

460

µA

CoreMark 455

Fibonacci 330

while(1) 305

while(1), prefetch 
OFF

320

Range 1, 
VOS[1:0]=01, 
VCORE=1.8 V

Dhrystone

32 MHz

5

mA

CoreMark 5.15

Fibonacci 5

while(1) 4.35

while(1), prefetch 
OFF

3.85

1. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).
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Table 28. Current consumption in Sleep mode

Symbol Parameter Conditions fHCLK Typ Max(1) Unit

IDD (Sleep)

Supply current 
in Sleep 
mode, Flash 
memory OFF

fHSE = fHCLK up to 
16 MHz included, 
fHSE = fHCLK/2 
above 16 MHz (PLL 
ON)(2)

Range 3, 
VCORE=1.2 V, 
VOS[1:0]=11

1 MHz 36.5 87

µA

2 MHz 58 100

4 MHz 100 170

Range 2, 
VCORE=1.5 V, 
VOS[1:0]=10

4 MHz 125 190

8 MHz 230 310

16 MHz 450 540

Range 1, 
VCORE=1.8 V, 
VOS[1:0]=01

8 MHz 275 360

16 MHz 555 650

32 MHz 1350 1600

HSI16 clock source 
(16 MHz)

Range 2, 
VCORE=1.5 V, 
VOS[1:0]=10

16 MHz 585 690

Range 1, 
VCORE=1.8 V, 
VOS[1:0]=01

32 MHz 1500 1700

MSI clock
Range 3, 
VCORE=1.2 V, 
VOS[1:0]=11

65 kHz 17 43

524 kHz 28 55

4.2 MHz 115 190

Supply current 
in Sleep 
mode, Flash 
memory ON

fHSE = fHCLK up to 
16 MHz included, 
fHSE = fHCLK/2 
above 16 MHz (PLL 
ON)(2)

Range 3, 
VCORE=1.2 V, 
VOS[1:0]=11

1 MHz 49 160

2 MHz 69 190

4 MHz 115 230

Range 2, 

CORE=1.5 V, 
VOS[1:0]=10

4 MHz 135 200

8 MHz 240 320

16 MHz 460 550

Range 1, 
VCORE=1.8 V, 
VOS[1:0]=01

8 MHz 290 370

16 MHz 565 670

32 MHz 1350 1600

HSI16 clock source 
(16 MHz)

Range 2, 
VCORE=1.5 V, 
VOS[1:0]=10

16 MHz 600 700

Range 1, 
VCORE=1.8 V, 
VOS[1:0]=01

32 MHz 1500 1700

MSI clock
Range 3, 
VCORE=1.2 V, 
VOS[1:0]=11

65 kHz 28 55

524 kHz 39.5 67

4.2 MHz 125 200

1. Guaranteed by characterization results at 125 °C, unless otherwise specified.

2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).
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6.3.8 PLL characteristics

The parameters given in Table 44 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 20.

         

tSU(MSI) MSI oscillator startup time

MSI range 0 30 -

µs

MSI range 1 20 -

MSI range 2 15 -

MSI range 3 10 -

MSI range 4 6 -

MSI range 5 5 -

MSI range 6, 
Voltage range 1 

and 2
3.5 -

MSI range 6, 
Voltage range 3

5 -

tSTAB(MSI)
(2) MSI oscillator stabilization time

MSI range 0 - 40

µs

MSI range 1 - 20

MSI range 2 - 10

MSI range 3 - 4

MSI range 4 - 2.5

MSI range 5 - 2

MSI range 6, 
Voltage range 1 
and 2

- 2

MSI range 3, 
Voltage range 3

- 3

fOVER(MSI) MSI oscillator frequency overshoot

Any range to 
range 5

- 4

MHz
Any range to 
range 6

- 6

1. This is a deviation for an individual part, once the initial frequency has been measured.

2. Guaranteed by characterization results.

Table 43. MSI oscillator characteristics (continued)

Symbol Parameter Condition Typ Max Unit

Table 44. PLL characteristics

Symbol Parameter
Value

Unit
Min Typ Max(1)

fPLL_IN

PLL input clock(2) 2 - 24 MHz

PLL input clock duty cycle 45 - 55 %
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To complete these trials, ESD stress can be applied directly on the device, over the range of 
specification values. When unexpected behavior is detected, the software can be hardened 
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application is 
executed (toggling 2 LEDs through the I/O ports). This emission test is compliant with 
IEC 61967-2 standard which specifies the test board and the pin loading.

         

6.3.11 Electrical sensitivity characteristics

Based on three different tests (ESD, LU) using specific measurement methods, the device is 
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are 
applied to the pins of each sample according to each pin combination. The sample size 
depends on the number of supply pins in the device (3 parts × (n+1) supply pins). This test 
conforms to the ANSI/JEDEC standard.

          

Static latch-up

Two complementary static tests are required on six parts to assess the latch-up 
performance: 

• A supply overvoltage is applied to each power supply pin

• A current injection is applied to each input, output and configurable I/O pin

Table 49. EMI characteristics

Symbol Parameter Conditions
Monitored

frequency band

Max vs. 
fOSC/fCPU Unit

8 MHz/32 MHz 

SEMI Peak level

VDD = 3.6 V,

TA = 25 °C,
LQFP48 package
conforming to IEC61967-2

0.1 to 30 MHz -10

dBµV30 to 130 MHz 5

130 MHz to 1GHz -5

EMI Level 1.5 -

Table 50. ESD absolute maximum ratings

Symbol Ratings Conditions Class
Maximum 
value(1)

1. Guaranteed by characterization results.

Unit

VESD(HBM)
Electrostatic discharge 
voltage (human body model)

TA = +25 °C, 
conforming to 
ANSI/JEDEC JS-001

2 2000

V

VESD(CDM)

Electrostatic discharge 
voltage (charge device 
model)

TA = +25 °C, 
conforming to 
ANSI/ESD STM5.3.1.

C4 500
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LQFP48 device marking

The following figure gives an example of topside marking versus pin 1 position identifier 
location. 

Other optional marking or inset/upset marks, which depends assembly location, are not 
indicated below.

Figure 36. Example of LQFP48 marking (package top view)

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet 
qualified and therefore not yet ready to be used in production and any consequences deriving from such 
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering 
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering 
samples to run qualification activity. 

�0�6�Y�����������9��

�3�L�Q������
�L�Q�G�H�Q�W�L�I�L�H�U

�5�H�Y�L�V�L�R�Q���F�R�G�H

�’�D�W�H���F�R�G�H

�3�U�R�G�X�F�W���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q������
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Figure 47. WLCSP25 - 2.097 x 2.493 mm, 0.400 mm pitch wafer level chip scale
recommended footprint

         

aaa - - 0.1000 - - 0.0039 

bbb - - 0.1000 - - 0.0039 

ccc - - 0.1000 - - 0.0039 

ddd - - 0.0500 - - 0.0020 

eee - - 0.0500 - - 0.0020 

1. Values in inches are converted from mm and rounded to 4 decimal digits. 

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Table 74. WLCSP25 - 2.097 x 2.493 mm, 0.400 mm pitch wafer level chip scale
mechanical data (continued)

 Symbol
Milimeters Inches(1)

Min Typ Max Min Typ Max

Table 75. WLCSP25 recommended PCB design rules

 Dimension Recommended values

Pitch 0.4 mm

Dpad
260 µm max. (circular)

220 µm recommended

Dsm 300 µm min. (for 260 µm diameter pad)

PCB pad design Non-solder mask defined via underbump allowed

�0�6�����������9���’�V�P

�’�S�D�G
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WLCSP25 device marking

The following figure gives an example of topside marking versus ball A1 position identifier 
location. 

Other optional marking or inset/upset marks, which depends assembly location, are not 
indicated below.

Figure 48. Example of WLCSP25 marking (package top view)

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet 
qualified and therefore not yet ready to be used in production and any consequences deriving from such 
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering 
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering 
samples to run qualification activity. 

�5

�0�6�Y�����������9��

�3�U�R�G�X�F�W���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q������

�’�D�W�H���F�R�G�H��� ���<�H�D�U�������Z�H�H�N

�%�D�O�O���$��
�L�G�H�Q�W�L�I�L�H�U

�5�H�Y�L�V�L�R�Q��
�F�R�G�H
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Figure 50. TSSOP20 – 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch, 
package footprint

1. Dimensions are expressed in millimeters.

k 0° - 8° 0° - 8°

aaa - - 0.100 - - 0.0039

1. Values in inches are converted from mm and rounded to four decimal digits.

Table 76. TSSOP20 – 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch, 
package mechanical data (continued)

Symbol
millimeters inches(1)

Min. Typ. Max. Min. Typ. Max.

�9�!�?�&�0�?�6��

�������� ��������

��������

��������
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Table 58. RAIN max for fADC = 16 MHz(1)

Ts 
(cycles)

tS 
(µs)

RAIN max for 
fast channels 

(kΩ)

RAIN max for standard channels (kΩ)

VDD > 
2.7 V

VDD > 
2.4 V

VDD > 
2.0 V

VDD > 
1.8 V

VDD > 
1.75 V

VDD > 1.65 V 
and 

TA > −10 °C

VDD > 1.65 V 
and 

TA > 25 °C

1.5 0.09 0.5 < 0.1 NA NA NA NA NA NA

3.5 0.22 1 0.2 < 0.1 NA NA NA NA NA

7.5 0.47 2.5 1.7 1.5 < 0.1 NA NA NA NA

12.5 0.78 4 3.2 3 1 NA NA NA NA

19.5 1.22 6.5 5.7 5.5 3.5 NA NA NA < 0.1

39.5 2.47 13 12.2 12 10 NA NA NA 5

79.5 4.97 27 26.2 26 24 < 0.1 NA NA 19

160.5 10.03 50 49.2 49 47 32 < 0.1 < 0.1 42

1. Guaranteed by design.

Table 59. ADC accuracy(1)(2)(3)

Symbol Parameter Conditions Min Typ Max Unit

ET Total unadjusted error

1.65 V < VDDA < 3.6 V, range 
1/2/3

- 2 4

LSB

EO Offset error - 1 2.5

EG Gain error - 1 2

EL Integral linearity error - 1.5 2.5

ED Differential linearity error - 1 1.5

ENOB

Effective number of bits 10.2 11

bits
Effective number of bits (16-bit mode 

oversampling with ratio =256)(4) 11.3 12.1 -

SINAD Signal-to-noise distortion 63 69 -

dBSNR

Signal-to-noise ratio 63 69 -

Signal-to-noise ratio (16-bit mode 
oversampling with ratio =256)(4) 70 76 -

THD Total harmonic distortion - -85 -73

1. ADC DC accuracy values are measured after internal calibration.

2. ADC Accuracy vs. Negative Injection Current: Injecting negative current on any of the standard (non-robust) analog input 
pins should be avoided as this significantly reduces the accuracy of the conversion being performed on another analog input. 
It is recommended to add a Schottky diode (pin to ground) to standard analog pins which may potentially inject negative 
current. 
Any positive injection current within the limits specified for IINJ(PIN) and ΣIINJ(PIN) in Section 6.3.12 does not affect the ADC 
accuracy.

3. Better performance may be achieved in restricted VDDA, frequency and temperature ranges.

4. This number is obtained by the test board without additional noise, resulting in non-optimized value for oversampling mode.


