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Functional overview

STM32L011x3/4

Table 5. Functionalities depending on the working mode
(from Run/active down to standby) (continued)(1)(2)
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STM32L011x3/4 Functional overview

3.5 Clock management

The clock controller distributes the clocks coming from different oscillators to the core and
the peripherals. It also manages clock gating for low-power modes and ensures clock
robustness. It features:

e  Clock prescaler

To get the best trade-off between speed and current consumption, the clock frequency
to the CPU and peripherals can be adjusted by a programmable prescaler.

e Safe clock switching

Clock sources can be changed safely on the fly in Run mode through a configuration
register.

e Clock management

To reduce power consumption, the clock controller can stop the clock to the core,
individual peripherals or memory.

e System clock source
Three different clock sources can be used to drive the master clock SYSCLK:
—  0-32 MHz high-speed external (HSE bypass), that can supply a PLL

— 16 MHz high-speed internal RC oscillator (HSI), trimmable by software, that can
supply a PLL

— Multispeed internal RC oscillator (MSI), trimmable by software, able to generate 7
frequencies (65 kHz, 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.1 MHz, 4.2 MHz).
When a 32.768 kHz clock source is available in the system (LSE), the MSI
frequency can be trimmed by software down to a +0.5% accuracy.

e Auxiliary clock source
Two ultra-low-power clock sources that can be used to drive the real-time clock:
—  32.768 kHz low-speed external crystal (LSE)

— 37 kHz low-speed internal RC (LSI), also used to drive the independent watchdog.
The LSI clock can be measured using the high-speed internal RC oscillator for
greater precision.

. RTC clock sources

The LSI, LSE or HSE sources can be chosen to clock the RTC, whatever the system
clock.

e  Startup clock

After reset, the microcontroller restarts by default with an internal 2 MHz clock (MSI).
The prescaler ratio and clock source can be changed by the application program as
soon as the code execution starts.

e Clock security system (CSS)
This feature can be enabled by software. If an LSE clock failure occurs, it provides an
interrupt or wakeup event which is generated assuming it has been previously enabled.
This feature is not available on the HSE clock.

e  Clock-out capability (MCO: microcontroller clock output)
It outputs one of the internal clocks for external use by the application.
Several prescalers allow the configuration of the AHB frequency, each APB (APB1 and

APB2) domains. The maximum frequency of the AHB and the APB domains is 32 MHz. See
Figure 2 for details on the clock tree.
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Figure 2. Clock tree
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Functional overview STM32L011x3/4

3.14.4

3.14.5

3.15

3.15.1

29/115

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.

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.

Communication interfaces

I2C bus

One I°C interface (12C1) can operate in multimaster or slave modes. The I°C 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 1/Os.

The I°C 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.

Table 8. Comparison of 12C analog and digital filters

Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. >50ns .
suppressed spikes 12C peripheral clocks

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

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

Variations depending on

Drawbacks
temperature, voltage, process

In addition, 12C1 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. 12C1 also has a clock domain independent from the CPU
clock, allowing the 12C1 to wake up the MCU from Stop mode on address match.

The 12C interface can be served by the DMA controller.

Refer to Table 9 for the supported modes and features of 12C interface.

3
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Pin descriptions

Figure 3. STM32L011x3/4 LQFP32 pinout
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The above figure shows the package top view.

Figure 4. STM32L011x3/4 UFQFPN32 pinout
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The above figure shows the package top view.
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Figure 5.

STM32L011x3/4 WLCSP25 pinout
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The above figure shows the package top view.

Figure 6. STM32L011x3/4 UFQFPN28 pinout

58838 3 %

o oo o o E &

LI LI LI LI LI L T

JouU U U uUou

28 27 26 25 24 23 22
PB9-BOOTO [ 1 8 21C ] PA13
PC14-0OSC32_IN 2 20C ] PA10
PC15-0SC32_OUT [ =3 19C 7] PA9
NRST [24 18] PA8
VDDA [ 5 17C]VvDD
PAO-CK_IN [T 6 16C ] VSS
PA1 [27 15C 7] PB1

8 9 10 11 1213 14

TN NN

Ll Ll Ll Ll Ll Ll Ll

N O £ v o N Q9

- -

MSv37873V1

1.

The above figure shows the package top view.
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Figure 7. STM32L011x3/4 UFQFPN20 pinout
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1. The above figure shows the package top view.

Figure 8. STM32L011x3/4 TSSOP20 pinout
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1. The above figure shows the package top view.
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Pin descriptions

Table 13. Pin definitions (continued)

Pin number Pin functions
g
= : o | 3
« |9 o |2 R N Pin name e | B
S22 s 2|88 a (function 2 | 2 |Notes .
Ela|l%|a|a|Z c | & . Additional
O |k |O |k || |9 | afterreset) | 5 " Alternate functions -
wni gl glog|lx | oo functions
® | g |9 || a|0|S =
FIS3|F |3 L =
SPI1_MOSI,
LPTIM1_IN1,
- - - 126|28|28]| - PB5 /O | FT - 12C1_SMBA, COMP2_INP
TIM21_CH1
USART2_TX,
I2C1_SCL,
- 18| - | 27129 |29 | A3 PB6 /O | FTf - LPTIM1_ETR, COMP2_INP
TIM2_CH3,
LPUART1_TX
USART2_RX,
12C1_SDA,
- |19] - | 28|30 |30 |A4 PB7 /O | FTf - LPTIM1_IN2, V%(él\élpgvg\lﬁ)N
TIM2_CH4, - -
LPUART1_RX
1|20 1|1 |31|31|A5|PB9-BOOTO | | | B | - - BOOTO (Boot
memory selection)
USART2_TX,
EVENTOUT,
- - - - - 132 - PB8 /O | FTf - 12C1_SCL, -
SPI1_NSS
-l - - -13]-|-1] vss s| -] ® - -
-l -l-l-111|-1| vDD s | - | ® - -

o 0k wbd =

3

Analog power supply.

Digital power supply.

Digital and analog ground.

Device reset input/internal reset output (active low).

On TSSOP14 package, Vppa is internally connected to Vpp.

DocID027973 Rev 4

Vgs pins are connected to the exposed pad (see Figure 36: UFQFPN32, 5 x 5 mm, 32-pin package outline).
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Electrical characteristics STM32L011x3/4

6.1.6 Power supply scheme
Figure 13. Power supply scheme
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1. On TSSOP14 package, Vppa is internally connected to Vpp.
2. Vggais internally connected to Vgg on all packages.
6.1.7 Current consumption measurement
Figure 14. Current consumption measurement scheme
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Electrical characteristics

Table 19. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
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
vV Programmable voltage detector Falling edge 18 | 185 | 1.88
PVDO" I 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 V
Rising edge 228 | 2.34 | 2.38
Falling edge 239 | 244 | 248
VPVD3 PVD threshold 3
Rising edge 247 | 254 | 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
Falling edge 297 | 3.05 | 3.09
VPVD6 PVD threshold 6
Rising edge 3.08 | 3.15 | 3.20
BORO threshold - 40 -
Vhyst | Hysteresis voltage AllBOR and PVD thresholds | | o0 | | ™V

excepting BORO

1. Guaranteed by characterization results, not tested in production.

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

3
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4. Guaranteed by design, not tested in production.

5. Shortest sampling time can be determined in the application by multiple iterations.
6. To guarantee less than 1% VREF_OUT deviation.

6.3.4

3

Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, temperature, I/O pin loading, device software configuration, operating
frequencies, 1/0 pin switching rate, program location in memory and executed binary code.
The current consumption is measured as described in Figure 14: 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 18: 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 fc| k 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 is applied to CK_IN. It follows the characteristic specified in
Table 35: 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

DocID027973 Rev 4 52/115




Electrical characteristics STM32L011x3/4
Table 27. Current consumption in Low-power Run mode
Symbol | Parameter Conditions Typ Max(1) Unit
Tp=-40°Cto25°C 57 8.1
MSI clock, 65 kHz | TA=85°C 6.5 9
ficLk = 32 kHz Tp=105°C 8 13
All Tpo=125°C 11.5 22
peripherals — 40 © °
OFF. code Tp=-40°Cto25°C 8.7 1"
executed MSI clock, 65 kHz | Ta=85°C 9.5 12
from RAM, | ;o = 65 kHz Tp=105°C 1 15
Flash
switched Tpo=125°C 15 24
OFF, Vpp ~ o o
from 1.65 V Tpo=-40°Cto25°C 17 19
to3.6V Tp=55°C 17 19.5
MSI clock, 131 kHz or o
fuoLk = 131 kHz Tpo=85°C 17.5 20
Tp=105°C 19 22
Supply .
oo current in To=125°C 225 31
MA
(LP Run) | Low-power To=-40°Cto25°C | 18 22
run mode
MSI clock, 65 kHz | TA=85°C 20 24
fcLk = 32 kHz Ta=105°C 22 27
Tpo=125°C 26.5 37
Al Ty=-40°Ct025°C | 22 25
peripherals
OFF, code | MSl clock, 65kHz | Ta=85°C 24 27
executed f =65 kHz = o
from Flash, | o< Ta=105°C 26 30
VDD from TA =125°C 30.5 39
1.65Vto o °
36V Tpo=-40°Cto25°C 32 34
Tpo=55°C 325 35
MSI clock, 131 kHz or o
fo= 131 kHz  |1A=88°C 34 37
Tpo=105°C 36 39
To=125°C 40 47

1. Guaranteed by characterization results at 125 °C, not tested in production, unless otherwise specified.
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Figure 17. Ipp vs Vpp, at Ty= -40/25/55/ 85/105/125 °C, Low-power run mode,
code running from RAM, Range 3, MSI (Range 0) at 64 KHz, 0 WS
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Table 28. Current consumption in Low-power Sleep mode
Symbol | Parameter Conditions Typ Max(") | Unit
MSI clock, 65 kHz
fucLk = 32 kHz To=-40°Cto25°C| 2.53 -
Flash OFF
Tp=-40°Cto25°C 13 19
MSI clock, 65 kHz To=85°C 15.5 20
fHCLK =32 kHz
Flash ON Tpo=105°C 17.5 22
Tpo=125°C 21 29
| ?l:lrr:zgt | Al peripherals Tp=-40°Cto25°C| 135 19
D OFF, Vpp from | MSI clock, 65 kHz [T, = 85 °C 16 20 A
) : , A=
(LP Sleep) L|°"" POWer | 4 65V 103.6 V  |fucLk = 65 kHz,
sleep mode Flash ON Ta=105°C 18 22
Tp=125°C 215 29
Tp=-40°Cto25°C| 15.5 21
MSI clock, 131 kHz | /A= >°"C 17 22
fuclk = 131 kHz, |To=85°C 18 23
Flash ON T =105 °C 195 | 24
Tpa=125°C 23.5 31

1. Guaranteed by characterization results at 125 °C, not tested in production, unless otherwise specified.

2. As the CPU is in Sleep mode, the difference between the current consumption with Flash memory ON and OFF (nearly
12 pA) is the same whatever the clock frequency.

S74
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6.3.17

85/115

Comparators
Table 59. Comparator 1 characteristics
Symbol Parameter Conditions | Min( Typ Max(1) Unit
Vppa Analog supply voltage - 1.65 3.6 \Y
R4OOK R400K value - - 400 -
kQ
R10K R']OK value - - 10 -
Comparator 1 input
ViN voltage range ) 0.6 ) Vooa v
tstart | Comparator startup time - - 7 10
ps
td Propagation delay(z) - - 3 10
Vyfiset | Comparator offset(®) - - 3 10 mV
Comparator offset xDDA_:Os\'/G v
dvofrse/dt | variation in worst voltage |,N* ~ 0 1.5 10 mV/1000 h
stress conditions(®) Vin- = VReFINT
Tpo=25°C
lcomp1 | Current consumption®) - - 160 260 nA

Guaranteed by characterization, not tested in production.

2. The delay is characterized for 100 mV input step with 10 mV overdrive on the inverting input, the non-
inverting input set to the reference.
3. In TSSOP14 package, where Vppp pin is shared with Vpp pin, 1/0 toggling should be minimized to reach
the values given in the above table. I/0 toggling with loaded I/O pins can generate ripple on Vpp/Vppa and
degrade the comparator performance.
4. Comparator consumption only. Internal reference voltage not included.
Table 60. Comparator 2 characteristics
Symbol Parameter Conditions Min | Typ Max(") | Unit
Vbpa Analog supply voltage - 1.65| - 3.6 \Y,
VN Comparator 2 input voltage range - 0 - Vppa | V
c Fast mode - 15 20
tSTART omparator startup time
Slow mode - 20 25
o 1.65V <Vppp 2.7V - 1.8 3.5
td slow Propagation delay® in slow mode us
2.7V <Vppp<3.6V - 25 6
1.65V <Vppp 2.7V - 0.8 2
td fast Propagation delay(?) in fast mode
2.7V <Vppa<36V - 1.2 4
Voffset Comparator offset error®) - # 20 | mV
Vppa = 3.3V
Tp=0to50°C
dThreshold/ | Threshold voltage temperature V- =VREFINT ) 15 30 |PPM
dt coefficient 3/4 VREF|NT’ /°C
1/2 VRerINT:
1/4 VRepINT-
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Table 66. SPI characteristics in voltage Range 2 (1)

Symbol Parameter Conditions Min Typ Max | Unit
Master mode 8
f Slave mode Transmitter 8
1/tSCK SPI clock frequency 1.65<Vpp<3.6V - - MHz
¢(SCK) :
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 4Tpclk - -
th(nss) NSS hold time Slave mode, SPI presc = 2 2Tpclk - -
t
W(SCKH) SCK high and low time Master mode Tpclk-2 | Tpelk | Tpclk+2
tw(sckL)
tsumi Master mode 3 - -
su(Mb Data input setup time
tsu(s) Slave mode 3 - -
thowiny Master mode 6 - -
Data input hold time ns
th(si Slave mode 2 - -
taso Data output access time Slave mode 18 - 52
tais(so) Data output disable time Slave mode 12 - 42
Slave mode - 16 33
ty(so) Data output valid time
Master mode - 4 6
tymo Slave mode 11 - -
v(MO) Data output hold time
th(so) Master mode 3 - -

Guaranteed by characterization results, not tested in production.

2. The maximum SPI clock frequency in slave transmitter mode is determined by the sum of t,, 50y and ts vy Which has to fit
into SCK low or high phase preceding the SCK sampling edge. This value can be achieved when the P? communicates
with a master having ts,guj) = 0 while Duty(sck) = 50%.

3
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Table 67. SPI characteristics in voltage Range 3 U]

Symbol Parameter Conditions Min Typ Max Unit
Master mode 2
fsck SPI clock frequency - - MHz
1Mgsck) Slave mode 2@)
Duty cycle of SPI clock
Dutysck) y ?requency Slave mode 30 50 70 %
tsu(nss) NSS setup time Slave mode, SPI presc =2| 4Tpclk - -
th(NsSs) NSS hold time Slave mode, SPI presc=2| 2Tpclk - -
t
W(SCKH) SCK high and low time Master mode Tpclk-2 | Tpclk | Tpclk+2
tw(sckL)
tsummi Master mode 3 - -
suMl Data input setup time
tsu(sl) Slave mode 3 - -
thomny Master mode 16 - -
Data input hold time ns
th(Sl) Slave mode 14 - -
taso Data output access time Slave mode 30 - 70
tais(so) Data output disable time Slave mode 40 - 80
Slave mode - 26.5 47
ty(so) Data output valid time
Master mode - 4 6
tymo Slave mode 20 - -
v(MO) Data output hold time
thso) Master mode 3 - -

1. Guaranteed by characterization results, not tested in production.

2. The maximum SPI clock frequency in slave transmitter mode is determined by the sum of t,, 5oy and tggy;y which has to fit

into SCK low or high phase preceding the SCK sampling edge. This value can be achieved when the
with a master having tsgvy = 0 while Dutysck) = 50%.

Figure 30. SPI timing diagram - slave mode and CPHA =0
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7.2 UFQFPN32 package information

Figure 36. UFQFPN32, 5 x 5 mm, 32-pin package outline
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1. Drawing is not to scale.
Table 69. UFQFPN32, 5 x 5 mm, 32-pin package mechanical data
millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A 0.500 0.550 0.600 0.0197 0.0217 0.0236
A1 0.000 0.020 0.050 0.0000 0.0008 0.0020
A3 - 0.200 - - 0.0079 -
0.180 0.250 0.300 0.0071 0.0098 0.0118
D 4.900 5.000 5.100 0.1929 0.1969 0.2008
D2 3.200 3.450 3.700 0.1260 0.1358 0.1457
E 4.900 5.000 5.100 0.1929 0.1969 0.2008
E2 3.200 3.450 3.700 0.1260 0.1358 0.1457
e - 0.500 - - 0.0197 -
L 0.300 0.400 0.500 0.0118 0.0157 0.0197
ddd - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Table 74. TSSOP20 — 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch,

package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
k 0° - 8° 0° - 8°
aaa - - 0.100 - - 0.0039

1.

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

Figure 49. TSSOP20 - 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch,
package footprint
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Dimensions are expressed in millimeters.

DocID027973 Rev 4

3




Revision history

STM32L011x3/4

9

113/115

Revision history

Table 78. Document revision history

Date Revision Changes

07-Dec-2015 1 Initial release.
Features: modified current consumption in run mode,
Cortex®-M0+ core frequency range and total number of timers.
Updated ADC conversion consumption on cover page.

11-Feb-2016 ° Updated UFQFPN28 pinout: Figure 6: STM32L011x3/4
UFQFPN28 pinout and Table 13: Pin definitions.
Updated Table 55: RAIN max for fADC = 16 MHz.
Modified TS_CALZ2 description in Table 57: Temperature
sensor calibration values.
Changed minimum comparator supply voltage to 1.65 V
on cover page.
Added baudrate allowing to wake up the MCU from Stop
mode in Section 3.15.3: Low-power universal
asynchronous receiver transmitter (LPUART).
Added number of fast and standard channels in
Section 3.10: Analog-to-digital converter (ADC).
Updated Table 16: Current characteristics to add the
total output current for STM32L011GxUx.
Changed Vppa minimum value to 1.65 V.in Table 18:
General operating conditions.
Updated Table 26: Current consumption in Sleep mode,
Table 27: Current consumption in Low-power Run
mode, Table 28: Current consumption in Low-power
Sleep mode and Table 30: Typical and maximum current

18-Mar-2016 3 consumptions in Standby mode.

Section 6.3.15: 12-bit ADC characteristics:

— Table 54: ADC characteristics:

Distinction made between Vppp for fast and standard
channels; added note 1.

Updated condition for frg,g measurement.

Added note 4. related to Rypc and removed
measurement condition.

Updated tS and tCONV'

— Updated equation 1 description.

— Updated Table 55: RAIN max for fADC = 16 MHz for
fapc = 16 MHz and distinction made between fast and
standard channels.

— Updated measurement condition in Table 56: ADC
accuracy.

Added Table 64: USART/LPUART characteristics.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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