STMicroelectronics - STM32L0

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0+
32-Bit Single-Core

32MHz

12C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
51

64KB (64K x 8)

FLASH

2Kx 8

8K x 8

1.65V ~ 3.6V

A/D 16x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP

64-LQFP (10x10)

https://www.e-xfl.com/product-detail/stmicroelectronics/stm321051r8t6

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

8T6 Datasheet


https://www.e-xfl.com/product/pdf/stm32l051r8t6-4385999
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

STM32L051x6 STM32L051x8

Functional overview

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

Low- Low- Stop Standby
IPs Run/Active Sleep power p(l)wer Wakeup Wakeup

run sleep capability capability
High Speed
External (HSE) © o 0 0 - -
Low Speed Internal
(LSI) ) O o] o o] ]
Low Speed
External (LSE) © o o 0 0 0
Multi-Speed
Internal (MSI) © o Y Y - -
Inter-Connect v Y Y % Y -
Controller
RTC ) O O o o] o 0]
RTC Tamper (0] (0] (0] 0] (0] O 0] 0]
Auto WakeUp
(AWU) ] 0] o] 0} o] ] ] ]
USART 0 o] o] o] o® 0 -
LPUART 0 0 0 o |o® 0 -
SPI ) O O 0] - -
12C ) O (0] (0] o 0] -
ADC (o] 0] - - - -
Temperature 0 0 0 o o 3
sensor
Comparators (0] (0] (0] o (0] (0] -
16-bit timers (0] (0] (0] (0] - -
LPTIMER ) o O o} (0] 0]
IWDG ] 0] o] o o] ] ] ]
WWDG ] 0] O (0] - -
SysTick Timer (0] (6] (e} (0] -
GPIOs o] o 0] ] 0] O 2 pins
Wakeup time to 0 s 0.36 s 3 s 32 ps 35 s 50 ps

Run mode
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Functional overview STM32L051x6 STM32L051x8

3.10

3.1

3.12
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Direct memory access (DMA)

The flexible 7-channel, general-purpose DMA is able to manage memory-to-memory,
peripheral-to-memory and memory-to-peripheral transfers. The DMA controller supports
circular buffer management, avoiding the generation of interrupts when the controller
reaches the end of the buffer.

Each channel is connected to dedicated hardware DMA requests, with software trigger
support for each channel. Configuration is done by software and transfer sizes between
source and destination are independent.

The DMA can be used with the main peripherals: SPI, 12C, USART, LPUART,
general-purpose timers, and ADC.

Analog-to-digital converter (ADC)

A native 12-bit, extended to 16-bit through hardware oversampling, analog-to-digital
converter is embedded into STM32L051x6/8 device. It has up to 16 external channels and 3
internal channels (temperature sensor, voltage reference). Three channels, PAO, PA4 and
PAS5, are fast channels, while the others are standard channels.

The ADC performs conversions in single-shot or scan mode. In scan mode, automatic
conversion is performed on a selected group of analog inputs.

The ADC frequency is independent from the CPU frequency, allowing maximum sampling
rate of 1.14 MSPS even with a low CPU speed. The ADC consumption is low at all
frequencies (~25 pA at 10 kSPS, ~200 pA at 1TMSPS). An auto-shutdown function
guarantees that the ADC is powered off except during the active conversion phase.

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.

Temperature sensor

The temperature sensor (Tgensg) generates a voltage Vgensg 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.
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Pin descriptions STM32L051x6 STM32L051x8

Figure 4. STM32L051x6/8 TFBGAG64 ballout - 5x 5 mm
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MSv34743V4
1. The above figure shows the package top view.
2. 1/O supplied by VDDIO2.
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Pin descriptions

Table 15. STM32L051x6/8 pin definitions (continued)

Pin Number
o | 5
< = IN Pin name 2 | B ® i
S e/ ¥ /3|8 e (function 2| 3 % Alternate functions Additional
o o o o o c - functions
™ (0] o 7 [ ™ after reset) i 0 | Z
(¢} E (¢} ($) (¢] g (@)
- = | | - e =
FS =)
48 E5 36 - - - VDDIO2 S - - -
SWCLK,
49 A7 37 B2 24 24 PA14 /10 | FT - USART2_TX
SPI1_NSS,
TIM2_ETR,
50 A6 38 A2 25 25 PA15 /10 | FT - EVENTOUT, -
USART2_RX,
TIM2_CH1
51 B7 - - - - PC10 /10 | FT - LPUART1_TX -
52 B6 - - - - PC11 /10 | FT - LPUART1_RX -
53 C5 - - - - PC12 10 | FT - - -
54 B5 - - - - PD2 110 | FT - | LPUART1_RTS_DE -
SPI1_SCK,
55 A5 39 B3 26 26 PB3 /10 | FT - TIM2_CH2, COMP2_INN
EVENTOUT
SPI1_MISO,
56 A4 40 A3 27 27 PB4 /10 | FT - EVENTOUT, COMP2_INP
TIM22_CH1
SPI1_MOSI,
LPTIM1_IN1,
57 C4 41 C4 28 28 PB5 /10 | FT - 12C1_SMBA, COMP2_INP
TIM22_CH2
USART1_TX,
58 D3 42 B4 29 29 PB6 /1O | FTf | - 12C1_SCL, COMP2_INP
LPTIM1_ETR
USART1_RX,
50 | c3 | 43 | A4 | 30 | 30 PB7 o | FTf | - 12C1_SDA, Cop“flgz—"'\lNP'
LPTIM1_IN2 -
60 B4 44 C5 31 31 BOOTO B - - -
61 B3 45 B5 - 32 PB8 /10 | FTf | - 12C1_SCL -
EVENTOUT,
62 A3 46 - - - PB9 /1O | FTf | - 12C1_SDA, -
SPI2_NSS/I2S2_WS

3
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STM32L051x6 STM32L051x8 Electrical characteristics

6 Electrical characteristics

6.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

6.1.1 Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Tp = 25 °C and Tp = Tymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean+30).

6.1.2 Typical values

Unless otherwise specified, typical data are based on Ty = 25 °C, Vpp = 3.6 V (for the
1.65 V <Vpp <3.6 V voltage range). They are given only as design guidelines and are not
tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from
a standard diffusion lot over the full temperature range, where 95% of the devices have an
error less than or equal to the value indicated (meant20).

6.1.3 Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

6.1.4 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 10.

6.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 11.

Figure 10. Pin loading conditions Figure 11. Pin input voltage

MCU pin MCU pin
C =50 pF

I

ai17851c ai17852¢c

3
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Table 21. Current characteristics

Symbol Ratings Max. Unit
Zhypp? Total current into sum of all Vpp power lines (source)(") 105
Tlyss® Total current out of sum of all Vgg ground lines (sink)(") 105
Zl\ppio2 Total current into Vpp o2 power line (source) 25
lvooeiny Maximum current into each Vpp power pin (source)() 100
lvss(PIN) Maximum current out of each Vgg ground pin (sink)(") 100
Qutput current sunk by any 1/0 and control pin except FTf 16
pins
ho Output current sunk by FTf pins 22
Output current sourced by any I/O and control pin -16 mA
Total output current sunk by sum of all IOs and control pins
except PA11 and PA12(2) 90
ZliorPiny Total output current sunk by PA11 and PA12 25
Total output current sourced by sum of all I0s and control
pins® -90
Injected current on FT, FTf, RST and B pins -5/+0)
Ns(PINy Injected current on TC pin + 5
ZlingPIN) Total injected current (sum of all /O and control pins)®) +25

1. All main power (Vpp, Vppa) and ground (Vgs, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. This current consumption must be correctly distributed over all I/Os and control pins. The total output
current must not be sunk/sourced between two consecutive power supply pins referring to high pin count
LQFP packages.

3. Positive current injection is not possible on these 1/0s. A negative injection is induced by V|\<Vgs. lIngPIN)
must never be exceeded. Refer to Table 20 for maximum allowed input voltage values.

4. A positive injection is induced by Vy > Vpp while a negative injection is induced by V|y < Vss. IinyPIN
must never be exceeded. Refer to Table 20: Voltage characteristics for the maximum allowed input volgage
values.

5. When several inputs are submitted to a current injection, the maximum Zl e is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 22. Thermal characteristics

Symbol Ratings Value Unit
Tstc Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

3
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Electrical characteristics

6.3.2 Embedded reset and power control block characteristics
The parameters given in the following table are derived from the tests performed under the
ambient temperature condition summarized in Table 23.
Table 24. Embedded reset and power control block characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
BOR detector enabled 0 - o0
Vpp rise time rate
BOR detector disabled 0 - 1000
tyop! " sV
VDD H
BOR detector enabled 20 - o0
Vpp fall time rate
BOR detector disabled 0 - 1000
T ™| R Vpp rising, BOR enabled - 2 3.3
eset temporization ms
RSTTEMPO Vpp rising, BOR disabled® | 0.4 | 07 | 1.6
v Power-on/power down reset Falling edge 1 1.5 | 1.65
PORIPDR | threshold Rising edge 13 | 15 | 165
Falling edge 1.67 1.7 | 1.74
VBORO Brown-out reset threshold 0
Rising edge 169 | 1.76 | 1.8
Falling edge 187 | 1.93 | 1.97
VBoR1 Brown-out reset threshold 1
Rising edge 1.96 | 2.03 | 2.07
Falling edge 222 | 230 | 2.35
VBoR2 Brown-out reset threshold 2
Rising edge 231 | 241 | 244
Falling edge 245 | 255 | 26
VBOR3 Brown-out reset threshold 3
Rising edge 254 | 266 | 2.7
Falling edge 268 | 28 | 2.85
VBoR4 Brown-out reset threshold 4
Rising edge 278 | 29 | 295
V
vV Programmable voltage detector Falling edge 18 | 1.85 | 1.88
PVDO | threshold 0 Rising edge 188 | 1.94 | 1.99
Falling edge 1.98 | 2.04 | 2.09
VPVD1 PVD threshold 1
Rising edge 208 | 214 | 2.18
Falling edge 220 | 224 | 2.28
VPVD2 PVD threshold 2
Rising edge 228 | 2.34 | 2.38
Falling edge 239 | 244 | 248
VPVD3 PVD threshold 3
Rising edge 247 | 2.54 | 2.58
Falling edge 257 | 264 | 2.69
VPVD4 PVD threshold 4
Rising edge 268 | 274 | 2.79
Falling edge 277 | 2.83 | 2.88
Vpyps PVD threshold 5
Rising edge 287 | 294 | 2.99
1S7 DoclD025938 Rev 7 53/131
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Table 24. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
Falling edge 297 | 3.05 | 3.09
VPVDG PVD threshold 6 V
Rising edge 3.08 | 3.15 | 3.20
BORO threshold - 40 |-
Vhyst Hysteresis voltage All BOR and PVD thresholds mV
. - 100 |-
excepting BORO

1. Guaranteed by characterization results.

2. Valid for device version without BOR at power up. Please see option "D" in Ordering information scheme for more details.

6.3.3 Embedded internal reference voltage
The parameters given in Table 26 are based on characterization results, unless otherwise
specified.
Table 25. Embedded internal reference voltage calibration values
Calibration value name Description Memory address
Raw data acquired at
VREFINT_CAL temperature of 25 °C 0x1FF8 0078 - 0Ox1FF8 0079
Vopa=3V
Table 26. Embedded internal reference voltage“)
Symbol Parameter Conditions Min Typ Max Unit
VReEINT outt?) | Internal reference voltage —40°C<T;<+125°C [ 1.202 | 1.224 | 1.242 %
TVREFINT Internal reference startup time - - 2 3 ms
Vppa and Vggg+ voltage during )
VVREF_MEAS VreriNT factory measure 299 3 3.01 v
Accuracy of factory-measured Including uncertainties
AVREF_MEAS vV value(3) due to ADC and - - 5 mV
REFINT VDDA/VREF+ values
Teoer™ Temperature coefficient —40°C<Ty;<+125°C - 25 100 ppm/°C
Acoeri™ Long-term stability 1000 hours, T= 25 °C - - 1000 ppm
Vppcoert”) | Voltage coefficient 3.0V <Vppa <36V - - 2000 | ppm/V
ADC sampling time when
Ts Vrefint(4)(5) reading the internal reference - 5 10 - VE
N voltage
4 | Startup time of reference ) ) )
Tapc_gur voltage buffer for ADC 10 HS
) Consumption of reference ) )
lsur_apc voltage buffer for ADC 135 25 WA
IVREF_OUT(4) VREF_OUT output current(®) - - - 1 MA
Cvrer out® | VREF_OUT output load - - - 50 pF
54/131 DoclD025938 Rev 7 m
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Table 26. Embedded internal reference voltage“) (continued)

Symbol Parameter Conditions Min Typ Max Unit
Consumption of reference
ILpgur™® | voltage buffer for VREF_OUT - - 730 1200 nA
and COMP
VREF|NT_D|V1(4) 1/4 reference voltage - 24 25 26
0,
VRE,:|N-|-_D|V2(4) 1/2 reference voltage - 49 50 51 Vv &
REFINT
VRE,:|N-|-_D|V3(4) 3/4 reference voltage - 74 75 76

1. Refer to Table 38: Peripheral current consumption in Stop and Standby mode for the value of the internal reference current
consumption (IrgrinT)-

I e

6.3.4

3

Guaranteed by test in production.

The internal Vggr value is individually measured in production and stored in dedicated EEPROM bytes.
Guaranteed by design.

Shortest sampling time can be determined in the application by multiple iterations.

To guarantee less than 1% VREF_OUT deviation.

Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, temperature, 1/0 pin loading, device software configuration, operating
frequencies, I/0O pin switching rate, program location in memory and executed binary code.
The current consumption is measured as described in Figure 13: Current consumption
measurement scheme.

All Run-mode current consumption measurements given in this section are performed with a
reduced code that gives a consumption equivalent to Dhrystone 2.1 code if not specified
otherwise.

The current consumption values are derived from the tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 23: General operating
conditions unless otherwise specified.

The MCU is placed under the following conditions:

e Al l/O pins are configured in analog input mode

e All peripherals are disabled except when explicitly mentioned

e  The Flash memory access time and prefetch is adjusted depending on fHCLK
frequency and voltage range to provide the best CPU performance unless otherwise
specified.

e  When the peripherals are enabled fapg1 = fapg2 = fapB

e  When PLL is ON, the PLL inputs are equal to HSI = 16 MHz (if internal clock is used) or
HSE = 16 MHz (if HSE bypass mode is used)

e  The HSE user clock applied to OSCI_IN input follows the characteristic specified in
Table 40: High-speed external user clock characteristics

e For maximum current consumption Vpp = Vppa = 3.6 V is applied to all supply pins
e  For typical current consumption Vpp = Vppa = 3.0 V is applied to all supply pins if not
specified otherwise

The parameters given in Table 47, Table 23 and Table 24 are derived from tests performed
under ambient temperature and Vpp supply voltage conditions summarized in Table 23.
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Table 29. Current consumption in Run mode, code with data processing running from RAM

Symbol Parameter Conditions fuck | Typ | Max(" | Unit
Range 3, 1 MHz 135 170
Veore=12V, 2 MHz 240 270 pA
VOS[1:0[=11 4MHz | 450 | 480
fuse = prLK up to 16 Range 2, 4 MHz 0.52 0.6
MHz included, =
_ VCORE_1 5 ,V, 8 MHz 1 1.2
fHSE = fHCLK/2 above VOS[1 0]=10
16 MHz (PLL ON)®) ' 16 MHz | 2 2.3
mA
8 MHz 1.25 14
Supply current in Range 1,
Ipp (Run | Run mode, code Vcore=18 V, 16MHz | 245 | 2.8
from executed from VOS[1:0]=01 32 MHz | 5.1 5.4
RAM) RAM, Flash
switched off Range 3, 65 kHz 34.5 75
MSI clock Veore=1.2V, 524 kHz 83 120 MA
VOS[T:0J=11 42MHz | 485 | 540
Range 2,
Vcore=1.5V, 16 MHz 2.1 23
HSI16 clock source | VOS[1:0]=10 mA
(16 MHz) Range 1,
Veore=1.8V, 32 MHz 5.1 5.6
VOS[1:0]=01
1. Guaranteed by characterization results at 125 °C, unless otherwise specified.
2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).
Table 30. Current consumption in Run mode vs code type,
code with data processing running from RAM()
Symbol Parameter Conditions fHeoLk Typ | Unit
Dhrystone 450
Range 3, CoreMark 575
VCORE=1 2 V, - - 4 MHz |JA
Supply current in VOS[1:0]=11 Fibonacci 370
Ilpp (Run | Run mode, code fise = Tk up to i
DD ' 16 MHz included, while(1) 340
from executed from f — f /2 above o ;
HSE ~ THCLK stone 5.
RAM)  |RAM, Flash 16 MHz (PLL ON)@ v
switched off Range 1, CoreMark 6.25
VCORE=1 .8 V, 32 MHz mA
VOS[1:0]=01 Fibonacci 4.4
while(1) 4.7

1. Guaranteed by characterization results, unless otherwise specified.
2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).

58/131
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Table 37. Peripheral current consumption in Run or Sleep mode(") (continued)

Typical consumption, Vpp =3.0V, Tp =25 °C
Peripheral Range 1, Range 2, Range 3, Low-power Unit
VCORE=1'8 \' VCORE=1 S5V VCORE=1'2 \'} Sleep and
VOS[1:0] =01 | VOS[1:0] =10 | VOS[1:0] = 11 run
All enabled 283 225 2225 2125 | PAMHz
(fherk)
PWR 2.5 2 2 1 WAMHz
(fherk)

1. Data based on differential Ipp measurement between all peripherals OFF an one peripheral with clock
enabled, in the following conditions: fyc k = 32 MHz (range 1), fyc k = 16 MHz (range 2), fyc k =4 MHz
(range 3), fycLk = 64kHz (Low-power run/sleep), fapg1 = fucik, fape2 = fHcLk, default prescaler value for
each peripheral. The CPU is in Sleep mode in both cases. No I/O pins toggling. Not tested in production.

HSI oscillator is OFF for this measure.

Current consumption is negligible and close to 0 pA.

Table 38. Peripheral current consumption in Stop and Standby mode(?)

Typical consumption, Ty =25 °C
Symbol Peripheral Unit
VDD=1 8V VDD=3'0 Vv
Ipp(PVD 1 BOR) - 0.7 1.2
IREFINT - - 1.4
- LSE Low drive® 0,1 0,1
- LPTIM1, Input 100 Hz 0,01 0,01
MA
- LPTIM1, Input 1 MHz 6 6
- LPUART1 0,2 0,2
- RTC 0,3 0,48

1. LPTIM peripheral cannot operate in Standby mode.

2. LSE Low drive consumption is the difference between an external clock on OSC32_IN and a quartz between OSC32_IN
and OSC32_OUT.-

3
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 1 to 25 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 42. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 42. HSE oscillator characteristics(!

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc N | Oscillator frequency - 1 25 |MHz
Rr Feedback resistor - - 1200 - kQ
Maximum critical crystal MA

Gm | transconductance Startup i - 700y
tSU{BSE) Startup time Vpp is stabilized -] 2 - | ms

3

1. Guaranteed by design.

2. Guaranteed by characterization results. tsysk) is the startup time measured from the moment it is
enabled (by software) to a stabilized 8 MHz oscillation is reached. This value is measured for a standard
crystal resonator and it can vary significantly with the crystal manufacturer.

For C_ 4 and C|», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 21). C, 4 and C| , are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C_1 and C| . Refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

Figure 21. HSE oscillator circuit diagram
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6.3.7 Internal clock source characteristics

The parameters given in Table 44 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 23.

High-speed internal 16 MHz (HSI116) RC oscillator

Table 44. 16 MHz HSI16 oscillator characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
fusie Frequency Vpp=3.0V - 16 - MHz
(M2 |HSI16 user- Trimming code is not a multiple of 16 | - 04 | 0.7 %
TRV trimmed resolution | Trimming code is a multiple of 16 - - l+15] %
Vppa=3.0V, Tp=25°C 10 - 13) %
Vppa=3.0V, T,=0to55°C -1.5 - 1.5 %
ACCisiis f\ccuracy of the Vppa=3.0V, TA=-10t0 70 °C -2 - 2 %
@ actory-calibrated  |y,0 =3.0V, Ty =-10to 85 °C 25| - 2 | %

HSI16 oscillator

Vppa=3.0V, To =-10to 105 °C -4 - 2 | o

VDDA =165Vto3.6V
Tp = -40to 125 °C

-5.45 - 325 %

t (2) | HSI16 oscillator
SU(HSIT6) " | startup time

HSI116 oscillator
power consumption

- - 3.7 6 us

@

Ibp(HSI116) 100 | 140 | pA

1. The trimming step differs depending on the trimming code. It is usually negative on the codes which are
multiples of 16 (0x00, 0x10, 0x20, 0x30...0xEO0).

Guaranteed by characterization results.

3. Guaranteed by test in production.

Figure 23. HSI16 minimum and maximum value versus temperature

4 o,
4.UU

=#=1.65V min
== 3V typ
3.6V max
=== 1.65V max
=@= 36V min

140

MSv34791V1
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Table 49. Flash memory and data EEPROM characteristics

Symbol

Parameter

Conditions

Min

Typ

Max(")

Unit

Average current during
the whole programming /
erase operation

Maximum current (peak)
during the whole
programming / erase
operation

TA =25 DC, VDD =36V

500

700

MA

1.5

2.5

mA

1. Guaranteed by design.

Table 50. Flash memory and data EEPROM endurance and retention

Symbol

Parameter

Conditions

Value

Min()

Unit

Neyc®

Cycling (erase / write)
Program memory

Cycling (erase / write)
EEPROM data memory

Tp =-40°Cto 105 °C

10

100

Cycling (erase / write)
Program memory

Cycling (erase / write)
EEPROM data memory

Tp = -40°C to 125 °C

0.2

kcycles

treT?

Data retention (program memory) after
10 keycles at T =85 °C

Data retention (EEPROM data memory)
after 100 kcycles at Tp =85 °C

TRET =+85°C

30

30

Data retention (program memory) after
10 keycles at Tp = 105 °C

Data retention (EEPROM data memory)
after 100 kcycles at Ty = 105 °C

TRET =+105°C

Data retention (program memory) after
200 cycles at Ty = 125 °C

Data retention (EEPROM data memory)
after 2 kcycles at Ty = 125 °C

TRET =+125°C

10

years

1. Guaranteed by characterization results.
2. Characterization is done according to JEDEC JESD22-A117.

3
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6.3.18 Timer characteristics
TIM timer characteristics
The parameters given in the Table 67 are guaranteed by design.
Refer to Section 6.3.13: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).
Table 67. TIMx characteristics(!)
Symbol Parameter Conditions Min Max Unit
. o 1 - trimxcLk
tres(TIM) Timer resolution time
leMXCLK =32 MHz| 31.25 - ns
Timer external clock frequency on CH1 0 frimxcLi/2 MHz
fext to CH4
fT||V|XCLK =32 MHz 0 16 MHz
Restm Timer resolution - 16 bit
16-bit counter clock period when - 1 65536 trIMxCLK
tcounTEr | internal clock is selected (timer’s
prescaler disabled) frimxcLk = 32 MHz | 0.0312 2048 MS
- - 65536 x 65536 tTlMXCLK
tmax count | Maximum possible count
- fT|MXCLK =32 MHz - 134.2 S

1. TIMx is used as a general term to refer to the TIM2, TIM6, TIM21, and TIM22 timers.

6.3.19

92/131

Communications interfaces

I°C interface characteristics

The I°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm) : with a bit rate up to 100 kbit/s
e  Fast-mode (Fm) : with a bit rate up to 400 kbit/s
e Fast-mode Plus (Fm+) : with a bit rate up to 1 Mbit/s.

The I°C timing requirements are guaranteed by design when the 1’C peripheral is properly
configured (refer to the reference manual for details). The SDA and SCL I/O requirements
are met with the following restrictions: the SDA and SCL I/O pins are not "true" open-drain.
When configured as open-drain, the PMOS connected between the I/O pin and VDDIOx is
disabled, but is still present. Only FTf I/O pins support Fm+ low level output current
maximum requirement (refer to Section 6.3.13: I/O port characteristics for the 12C 1/Os
characteristics).

All 1°C SDA and SCL I/0s embed an analog filter (see Table 68 for the analog filter
characteristics).

3
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Note:

The analog spike filter is compliant with 1’c timings requirements only for the following
voltage ranges:

e Fast mode Plus: 2.7 V <Vpp <3.6 V and voltage scaling Range 1
e Fast mode:
— 2V <Vpp 3.6V and voltage scaling Range 1 or Range 2.
-  Vpp <2V, voltage scaling Range 1 or Range 2, C554 < 200 pF.
In other ranges, the analog filter should be disabled. The digital filter can be used instead.

In Standard mode, no spike filter is required.

Table 68. 12C analog filter characteristics(!)

Symbol Parameter Conditions Min Max Unit

Range 1 260(3)
Range 2 50(2) - ns

Maximum pulse width of spikes that

F | are suppressed by the analog filter

Range 3 -

1. Guaranteed by characterization results.
2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tar(max) are not filtered
USART/LPUART characteristics
The parameters given in the following table are guaranteed by design.

Table 69. USART/LPUART characteristics

Symbol

Parameter Conditions Typ Max Unit

twuusarT

Stop mode with main regulator in
Run mode, Range 2 or 3

Wakeup time needed to
calculate the maximum Stop mode with main regulator in
USART/LPUART baudrate | Run mode, Range 1
allowing to wake up from us
Stop mode when the
USART/LPUART is clocked | Stop mode with main regulator in
by HSI low-power mode, Range 2 or 3

Stop mode with main regulator in
low-power mode, Range 1

3
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Table 71. SPI characteristics in voltage Range 2 (1)

Symbol Parameter Conditions Min Typ Max Unit
Master mode 8
f Slave mode Transmitter 8
SCK SPI clock frequency 1.65<Vpp<3.6V - - MHz
1Mesck)
Slave mode Transmitter 8@
2.7<Vpp<3.6V
Duty cycle of SPI clock
Duty(sck) y ¥requency Slave mode 30 |50 | 70 | %
tsuNss) NSS setup time Slave mode, SPI presc = 2 4*Tpclk - -
th(nss) NSS hold time Slave mode, SPI presc = 2 2*Tpclk - -
t
W(SCKH) SCK high and low time Master mode Tpclk-2 | Tpelk | Tpclk+2
tw(scky)
tsumi Master mode 0 - -
su(Mb Data input setup time
tsu(sny Slave mode 3 - -
thowiny Master mode 1 - -
Data input hold time ns
th(si Slave mode 4.5 - -
taso Data output access time Slave mode 18 - 52
tais(so) Data output disable time Slave mode 12 - 42
tyso Slave mode - 20 56.5
v(S0) Data output valid time
tymo) Master mode - 5 9
thso Slave mode 13 - -
(50) Data output hold time
thvo) Master mode 3 - -

Guaranteed by characterization results.

2. The maximum SPI clock frequency in slave transmitter mode is determined by the sum of t, 50y and tg, M? which has to fit

into SCK low or high phase preceding the SCK sampling edge. This value can be achieved when the SP

with a master having ts,guj) = 0 while Duty(sck) = 50%.

3
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Device marking for LQFP64

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

Other optional marking or inset/upset marks, which depend on supply chain operations, are
not indicated below.

Figure 39. LQFP64 marking example (package top view)

Revision code

K

Product identification”

STM32L

e

O5LR&THE

Date code

Y i Ww

Pin 1

“/indentifier ﬁ Q

MSv39316V1

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.
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Table 86. Document revision history (continued)

Date

Revision

Changes

05-Sep-2014

Extended operating temperature range to 125 °C.
Updated minimum ADC operating voltage to 1.65 V.
Updated Section 3.4.1: Power supply schemes.

Replaced USART3 by LPUART1 and updated 1/O structure for PC5
and PC15 pins in Table 15: STM32L051x6/8 pin definitions.

Replaced LPUART by LPUART1 in Table 16: Alternate function port A,
Table 17: Alternate function port B, Table 18: Alternate function port C
and Table 19: Alternate function port D.

Updated temperature range in Section 2: Description, Table 2: Ultra-
low-power STM32L051x6/x8 device features and peripheral counts.

Updated Pp, Tp ang Ty to add range 3 in Table 23: General operating
conditions. Added range 3 in Table 50: Flash memory and data
EEPROM endurance and retention, Table 85: STM32L051x6/8
ordering information scheme. Update note 1 in Table 27: Current
consumption in Run mode, code with data processing running from
Flash, Table 29: Current consumption in Run mode, code with data
processing running from RAM, Table 31: Current consumption in Sleep
mode, Table 32: Current consumption in Low-power run mode,

Table 33: Current consumption in Low-power sleep mode, Table 34:
Typical and maximum current consumptions in Stop mode, Table 35:
Typical and maximum current consumptions in Standby mode and
Table 39: Low-power mode wakeup timings. Updated Figure 57:
Thermal resistance and removed note 1. Updated Table 60: ADC
characteristics and Table 62: ADC accuracy.

Updated Figure 16: IDD vs VDD, at TA= 25/55/ 85/105/125 °C, Low-
power run mode, code running from RAM, Range 3, MSI (Range 0) at
64 KHz, 0 WS, Figure 17: IDD vs VDD, at TA= 25/55/ 85/105/125 °C,
Stop mode with RTC enabled and running on LSE Low drive,

Figure 18: IDD vs VDD, at TA= 25/55/85/105/125 °C, Stop mode with
RTC disabled, all clocks OFF.

Updated Table 35: Typical and maximum current consumptions in
Standby mode.

Updated SYSCFG in Table 37: Peripheral current consumption in Run
or Sleep mode.

Updated Table 38: Peripheral current consumption in Stop and Standby
mode and Table 39: Low-power mode wakeup timings.

Updated ACCyg)16 temperature conditions in Table 44: 16 MHz HSI16
oscillator characteristics.

Updated VinrsT) @nd VE(NRsT) in Table 59: NRST pin characteristics.
Updated Table 60: ADC characteristics and Table 62: ADC accuracy.
Added range 3 in Table 85: STM32L051x6/8 ordering information
scheme.
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Table 86. Document revision history (continued)

Date

Revision

Changes

17-Mar-2016

Updated number of SPIs on cover page and in Table 2: Ultra-low-
power STM32L051x6/x8 device features and peripheral counts.
Changed minimum comparator supply voltage to 1.65 V on cover page.
Added number of fast and standard channels in Section 3.11: Analog-
to-digital converter (ADC).
Updated Section 3.16.2: Universal synchronous/asynchronous receiver
transmitter (USART) and Section 3.16.4: Serial peripheral interface
(SPI)/Inter-integrated sound (I12S) to mention the fact that USARTs with
synchronous mode feature can be used as SPI master interfaces.
Added baudrate allowing to wake up the MCU from Stop mode in
Section 3.16.2: Universal synchronous/asynchronous receiver
transmitter (USART) and Section 3.16.3: Low-power universal
asynchronous receiver transmitter (LPUART).
In Section 6: Electrical characteristics, updated notes related to values
guaranteed by characterization.
Changed Vppa minimum value to 1.65 V in Table 23: General operating
conditions.
Section 6.3.15: 12-bit ADC characteristics:
— Table 60: ADC characteristics:
Distinction made between Vppp for fast and standard channels;
added note 1.
Added note 4 related to Rapc.
Updated frr|e and V) maximum value.
Updated tg and tcony:
Added VREF+'
— Updated equation 1 description.
— Updated Table 61: RAIN max for fADC = 16 MHZz for fapc = 16 MHz
and distinction made between fast and standard channels.
Added Table 69: USART/LPUART characteristics.
Updated Figure 45: LQFP48 marking example (package top view).
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