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Description STM32L081xx
2.1 Device overview
Table 1. Ultra-low-power STM32L081xx device features and peripheral counts
Peripheral STM32L081CB STM32L081KZ STM32L081CZ

Flash (Kbytes) 128 Kbytes 192 Kbytes
Data EEPROM (Kbytes) 6 Kbytes
RAM (Kbytes) 20 Kbytes
AES 1

General- 4

purpose
Timers Basic 2

LPTIMER 1
RTC/SYSTICK/IWDG/WWDG 11111

SPI/2S 6(4)M/1 4(3)@10 6(4)M/1

1>c 3 2 3
Com. interfaces

USART 4 3 4

LPUART 1
GPIOs 40 250) 40
Clocks: HSE/LSE/HSI/MSI/LSI 1111111
12-bit synchronized ADC 1 1 1
Number of channels 13 10 13
Comparators 2
Max. CPU frequency 32 MHz
Operating voltage 1.8V to 3.6 V (down to 1.65 V.at power-down) with BOR option 1.65 to

3.6 V without BOR option
Operating temperatures Ambignt temperature:. —40to +125 :C
Junction temperature: —40 to +130 °C

Packages LQFP48 LQFP32, UFQFPN32 LQFP48

1. 4 SPlinterfaces are USARTSs operating in SPI master mode.
2. 3 SPlinterfaces are USARTs operating in SPI master mode.
3. UFQFPN32 has 2 GPIOs less than LQFP32.

3
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STM32L081xx Description
Figure 1. STM32L081xx block diagram
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Functional overview STM32L081xx

e  Stop mode without RTC

The Stop mode achieves the lowest power consumption while retaining the RAM and
register contents. All clocks are stopped, the PLL, MSI RC, HSI and LSI RC, HSE and
LSE crystal oscillators are disabled.

Some peripherals featuring wakeup capability can enable the HSI RC during Stop
mode to detect their wakeup condition.

The voltage regulator is in the low-power mode. The device can be woken up from Stop
mode by any of the EXTI line, in 3.5 us, the processor can serve the interrupt or
resume the code. The EXTI line source can be any GPIO. It can be the PVD output, the
comparator 1 event or comparator 2 event (if internal reference voltage is on). It can
also be wakened by the USART/I2C/LPUART/LPTIMER wakeup events.

e Standby mode with RTC

The Standby mode is used to achieve the lowest power consumption and real time
clock. The internal voltage regulator is switched off so that the entire Voorg domain is
powered off. The PLL, MSI RC, HSE crystal and HSI RC oscillators are also switched
off. The LSE or LSl is still running. After entering Standby mode, the RAM and register
contents are lost except for registers in the Standby circuitry (wakeup logic, IWDG,
RTC, LSI, LSE Crystal 32 KHz oscillator, RCC_CSR register).

The device exits Standby mode in 60 ys when an external reset (NRST pin), an IWDG
reset, a rising edge on one of the three WKUP pins, RTC alarm (Alarm A or Alarm B),
RTC tamper event, RTC timestamp event or RTC Wakeup event occurs.

e Standby mode without RTC

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire Voorg domain is powered off. The
PLL, MSI RC, HSI and LSI RC, HSE and LSE crystal oscillators are also switched off.
After entering Standby mode, the RAM and register contents are lost except for
registers in the Standby circuitry (wakeup logic, IWDG, RTC, LSI, LSE Crystal 32 KHz
oscillator, RCC_CSR register).

The device exits Standby mode in 60 ys when an external reset (NRST pin) or a rising
edge on one of the three WKUP pin occurs.

Note: The RTC, the IWDG, and the corresponding clock sources are not stopped automatically by

entering Stop or Standby mode.

Table 2. Functionalities depending on the operating power supply range

Functionalities depending on the operating power supply range

Operating power supply

range Dynamic voltage

14/110

ADC operation

scaling range

1/0 operation

ADC only,
Vpp=1.65t01.71V conversion time up R?:r?e:sor De%rr?gfr:asnpcied
to 570 ksps 9 i
ADC only,
Vpp =1.71t0 1.8 V(") | conversion time up Ranger;r,] rzn;? ozor De%rr?gfrgasnpceeed
to 1.14 Msps g P

Vpp = 1.8 t0 2.0 V()

Conversion time up
to 1.14 Msps

Range1, range 2 or
range 3

Degraded speed
performance
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STM32L081xx

Functional overview

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

Low- Low- Stop Standby
IPs Run/Active Sleep power power Wakeup Wakeup
run sleep capability capability
0.4 yA (No 0.28 pA (No
RTC) VDD=1 8V RTC) VDD=1 8V
Consumbtion Down to Down to 0.8 pA (with 0.65 pA (with
sump 140 JAMHz | 37 yAIMHz | Downto | Down to |RTC) Vpp=1.8 V| RTC) Vpp=1.8 V
VDD—1 8to36V
(Typ) (from Flash (from Flash 8 A 4.5 pA 0.4 uA (No 0.29 pA (No
memory) memory) RTC) Vpp=3.0 V| RTC) Vpp=3.0 V
1 yA (withRTC) | 0.85 pA (with
VDD=3'0 \% RTC) VDD=3'0 \%
1. Legend:

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

The consumption values given in this table are preliminary data given for indication. They are subject to slight changes.

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.

4. 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.

5. 12C 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.

3.2

3

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.

Table 5. STM32L0xx peripherals interconnect matrix

Low- | Low-
Interconnect | Interconnect .
. Interconnect action Run |Sleep | power | power | Stop
source destination
run sleep
Tz, | Tmeneseme |l
TIM22 99 Alog
signals comparison
COMPx
Timer input channel,
LPTIM trigger from analog Y Y Y Y Y
signals comparison
TIMx TIMx Timer trlggered by other v v v v )
timer
DoclD027513 Rev 4 17/110




STM32L081xx Functional overview

3.10

3.1

3.12

3

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: AES, 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 STM32L081xx 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, ~240 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.

DocID027513 Rev 4 25/110




STM32L081xx Functional overview

3.15.6 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.

3.16 Communication interfaces

3.16.1  12C bus

Up to three 12C interfaces (12C1 and 12C3) can operate in multimaster or slave modes.

Each 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.

7-bit and 10-bit addressing modes, multiple 7-bit slave addresses (2 addresses, 1 with
configurable mask) are also supported as well as programmable analog and digital noise

filters.
Table 9. Comparison of 12C analog and digital filters
Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. 250 ns .
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 and 12C3 provide 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/I2C3 also have a clock domain
independent from the CPU clock, allowing the 12C1/I2C3 to wake up the MCU from Stop
mode on address match.

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

Refer to Table 10 for an overview of 12C interface features.

Table 10. STM32L081xx I2C implementation

12C features(! 12C1 12C2 12C3
7-bit addressing mode X X X
10-bit addressing mode X X X
Standard mode (up to 100 kbit/s) X X X
Fast mode (up to 400 kbit/s) X X X
"_l DoclD027513 Rev 4 29/110




STM32L081xx Functional overview

3.16.3

3.16.4

3

Low-power universal asynchronous receiver transmitter (LPUART)

The devices embed one Low-power UART. The LPUART supports asynchronous serial
communication with minimum power consumption. It supports half duplex single wire
communication and modem operations (CTS/RTS). It allows multiprocessor
communication.

The LPUART has a clock domain independent from the CPU clock. It can wake up the
system from Stop mode using baudrates up to 46 Kbaud. The Wakeup events from Stop
mode are programmable and can be:

e  Start bit detection

e  Or any received data frame

e  Or a specific programmed data frame

Only a 32.768 kHz clock (LSE) is needed to allow LPUART communication up to 9600
baud. Therefore, even in Stop mode, the LPUART can wait for an incoming frame while

having an extremely low energy consumption. Higher speed clock can be used to reach
higher baudrates.

LPUART interface can be served by the DMA controller.

Serial peripheral interface (SPI)/Inter-integrated sound (I12S)

Up to two SPIs are able to communicate at up to 16 Mbits/s in slave and master modes in
full-duplex and half-duplex communication modes. The 3-bit prescaler gives 8 master mode
frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes.

The USARTSs with synchronous capability can also be used as SPI master.

One standard I12S interfaces (multiplexed with SPI12) is available. It can operate in master or
slave mode, and can be configured to operate with a 16-/32-bit resolution as input or output
channels. Audio sampling frequencies from 8 kHz up to 192 kHz are supported. When the

I12S interfaces is configured in master mode, the master clock can be output to the external
DAC/CODEC at 256 times the sampling frequency.

The SPlIs can be served by the DMA controller.
Refer to Table 12 for the differences between SPI1 and SPI2.

Table 12. SPI/I2S implementation

SPI features(!) SPI1 SPI2
Hardware CRC calculation X X
I2S mode - X
Tl mode X X

1. X =supported.
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Table 15. Alternate functions port A

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1/SPI2/12S2] SPI/SPI2/I12S2/
USART1/2/ LPUART1/ 12C1/USART1/2/L 12C172/
Port LPUART1/ SPI2/I252/12C2/ | LPUART1/ | I2C3/LPUART1/
SPI/SPI2/1252/ | USART5/ILPTIMA/ 12¢1/ PUART1/
LPTIM1 12C1/TIM2/21 TIM2/3/ EVENTOUT TIM3/22/ USART/ USART4/ comp1/2/
TIM2/21/22/ VN a2 TIM2/21/22 | UASRTS/TIM21/ TIM3
EVENTOUT/ e o EVENTOUT
SYS_AF —
PAO - ; TIM2_CH1 - USART2_CTS TIM2_ETR USART4 TX | COMP1_OUT
PA1 | EVENTOUT . TIM2_CH2 ] USARTZE—RTS—D TIM21_ETR USART4_RX ]
PA2 | TIM21_CH1 - TIM2_CH3 - USART2_TX - LPUARTY TX | COMP2 OUT
PA3 | TIM21_CH2 i TIM2_CH4 - USART2_RX - LPUART1_RX i
PA4 SPI1_NSS - i - USART2_CK TIM22_ETR - i
PAS SPI1_SCK - TIM2_ETR - TIM2_CH1 - -
PA6 | SPI1_MISO i TIM3_CH1 - LPUART1 CTS | TIM22 CH1 EVENTOUT COMP1_OUT
< | Pa7 | sPi_mosi - TIM3_CH2 i i TIM22_CH2 EVENTOUT | COMP2 OUT
5 | Pas MCO - - EVENTOUT USART1_CK - - 12C3_SCL
PA9 MCO i - - USART1_TX - 12C1_scL 12C3_SMBA
PA10 i i - - USART1_RX - 12C1_SDA i
PA11 | SPI_MISO - EVENTOUT - USART1_CTS - - COMP1_OUT
PA12 |  SPI_MOSI ] EVENTOUT i USARTL—RTS—D i ] COMP2_OUT
PA13 SWDIO - - - - - LPUART1_RX -
PA14 SWCLK - - - USART2_TX - LPUART1_TX -
PA15 |  SPI1_NSS ; TIM2_ETR EVENTOUT USART2_RX TIM2_CH1 USART“E—RTS—D ]

XXL801ZENLS
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Electrical characteristics

STM32L081xx

6.3 Operating conditions
6.3.1 General operating conditions
Table 20. General operating conditions
Symbol Parameter Conditions Min Max Unit
fucLk | Internal AHB clock frequency - 0 32
focLk1 | Internal APB1 clock frequency - 0 32 MHz
fpcLke | Internal APB2 clock frequency - 0 32
BOR detector disabled 1.65 3.6
BOR detector enabled, at power 18 36
Vpp | Standard operating voltage on ' ' \Y
BOR detector disabled, after 165 36
power on
Vppa | Analog operating voltage (all features) \l\;lusat))e the same voltage as 1.65 3.6 \%
DD
Vppio2 | Standard operating voltage - 1.65 3.6 \Y,
20V<Vpp<36V -0.3 55
Input voltage on FT, FTf and RST pins(®
165V <Vpp<20V -0.3 5.2
ViN Y,
Input voltage on BOOTO pin - 0 5.5
Input voltage on TC pin - -0.3 | Vppt0.3
LQFP48 package - 370
Power dissipation at T = 85 °C (range 6)
or To =105 °C (rage 7) (3) UFQFPNB32 package 556
LQFP32 package - 333
Po mW
LQFP48 package - 93
g)og)er dissipation at T = 125 °C (range UFQFPN32 package 139
LQFP32 package - 83
Maximum power dissipation _40 85
(range 6)
TA Temperature range Maximum power dissipation —40 105
(range 7)
Maximum power dissipation _40 125 °c
(range 3)
Junction temperature range (range 6) -40°C<Tp<85° —40 105
TJ Junction temperature range (range 7) -40°C <Tp<105°C —40 125
Junction temperature range (range 3) -40°C <Tp<125°C —40 130

1. ltis recommended to power Vpp and Vppp from the same source. A maximum difference of 300 mV between Vpp and

Vppa can be tolerated during power-up and normal operation.

2. To sustain a voltage higher than Vpp+0.3V, the internal pull-up/pull-down resistors must be disabled.

If Ty is lower, higher P values are allowed as long as T does not exceed T max (see Table 19: Thermal characteristics
on page 45).

46/110
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STM32L081xx

Electrical characteristics

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

Table 27. Current consumption in Run mode vs code type,
code with data processing running from RAM(")

Symbol Parameter Conditions fHeLK Typ | Unit
Dhrystone 570
sange 31, oy CoreMark 4 VH 670 R
. =1.2V, z g
Supply current in VOSLI-0o11 Fibonacci 410
Inp (Run Run mode, code fuse = fHoLk up to -
frDc?m executed from 16 MHz included, while(1) 375
RAM)  |RAM. Flash fuse = fHcLk/2 above Dhrystone 6,65
memory switched | 16 MHz (PLL on)(@
off Range 1, CoreMark 6,95
VCORE=1 .8 V, 32 MHz mA
VOS[1:0]=01 Fibonacci 5,9
while(1) 52
1. Guaranteed by characterization results, unless otherwise specified.
2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).
1S7 DoclD027513 Rev 4 53/110




STM32L081xx Electrical characteristics

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

Table 29. Current consumption in Low-power run mode

Symbol | Parameter Condition {IF\;ICI:-II_ZK) Typ | Max(" | Unit
Tp=-40to 25°C 9,45 12
MSI clock = 65 kHz,|  Ta=85°C 0.032 14 58
fHoLk= 32 kHz Ta =105°C ’ 21 64
Tp = 125°C 36,5 | 160
All peripherals Tp=-40to 25°C 14,5 18
OFF, code — aro
executed from | MSI clock =65kHz, | _ Ta=85°C 0,065 195 | 60
RAM, Flash fioLk= 65kHz Tp=105°C 26 65
memory switched _ S
OFF, Vpp, from Tp=125°C 42 160
165t03.6V Tp=-40to 25°C 26,5 30
Tp = 55°C 275 | 60
MSI clock=131 kHz,
Tp=85°C 0,131 31 66
fHCLK= 131 kHz
Tp =105°C 37,5 77
Supply .
Iop current in Ta=125°C 93,5 | 170
MA
(LP Run) | Low-power Ta=-401025°C 245 | 34
run mode
MSI clock = 65 kHz,|  Ta=85°C 0.032 30 82
foLk= 32 kHz Tp = 105°C ’ 385 | 90
Tp = 125°C 58 | 120
Ta=-40to0 25°C 0 40
All peripherals A ° 305
OFF, code MSI clock = 65 kHz, Tp=85°C 0.065 36,5 88
executed from fuoLk= 65 kHz Ta=105°C ) 15 %
Flash memory,
VDD from 1.65 V Tp=125°C 64,5 120
to3.6V
Tp=-40to 25°C 45 56
MS! clock = Ty =55°C 48 96
131 kHz, Tp=85°C 0,131 51 110
k= 131 kHz Tp = 105°C 59,5 | 120
Tp=125°C 79,5 150
1. Guaranteed by characterization results at 125 °C, unless otherwise specified.
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Electrical characteristics

STM32L081xx
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in the following tables. The
MCU is placed under the following conditions:

all I/0 pins are in input mode with a static value at Vpp or Vgg (no load)
all peripherals are disabled unless otherwise mentioned
the given value is calculated by measuring the current consumption
— with all peripherals clocked off

— with only one peripheral clocked on

Table 34. Peripheral current consumption in Run or Sleep mode(!)

Typical consumption, Vpp =3.0V, Tp =25 °C
Peripheral Range 1, Range 2, Range 3, Low-power Unit
Vcore=18V | Vcore=1.5V | Vcore=1-2V | sleep and
VOS[1:0] =01 | VOS[1:0] = 10 | VOS[1:0] = 11 run
CRS 25 2 2 2
12C1 1 9.5 7.5 9
12C3 11 9 7 9
LPTIM1 10 8.5 6.5 8
LPUART1 8 6.5 5.5 6
SPI2 9 4.5 3.5 4
USART2 14.5 12 9.5 1
USART4 5 4 3 5 LAIMHzZ
APB1 |UsARTS 5 4 3 5 (frcLr)
TIM2 10.5 8.5 7 9
TIM3 12 10 8 1
TIM6 35 3 25 2
TIM7 35 3 25 2
WWDG 3 2 2 2
ADC1® 55 5 3.5 4
SPI1 4 3 3 25
USART1 14.5 1.5 9.5 12
APB2 TIM21 7.5 6 5 5.5 PA/MHz
TIM22 7 6 5 6 (ficLx)
FIREWALL 1.5 1 1 0.5
DBGMCU 1.5 1 1 0.5
SYSCFG 25 2 2 1.5

DoclD027513 Rev 4
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Electrical characteristics

STM32L081xx
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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 39. 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 39. 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

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 18). 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 18. HSE oscillator circuit diagram
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STM32L081xx

6.3.7

68/110

Internal clock source characteristics

The parameters given in Table 41 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 20.

High-speed internal 16 MHz (HSI116) RC oscillator

Table 41. 16 MHz HSI16 oscillator characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
fusie Frequency Vpp=3.0V - 16 - MHz
M@ |HSI16 user- Trimming code is not a multiple of 16| - | +0.4 | 0.7 %
TRIM trimmed resolution | Trimming code is a multiple of 16 - - |£15] %
Vppa =3.0V, Ty =25°C A0 - 110 ] %
VDDA =3.0 V, TA =0to55°C -1.5 - 1.5 %
ACC Accuracy of the | Vbpa=3.0V, Ta=-101070°C 2| - 2 | %
SI16 i
@) factory-calibrated |y, =30V, Ty =-101t0 85 °C 25| - 2 %
HSI16 oscillator
VDDA=3'0 V, TA=-10tO 105 °C -4 - 2 %
VDDA= 1.65Vto 3.6V _ _ o
Ta = - 40 t0 125 °C 545 3251 %
(2) | HSI16 oscillator ) )
lsu(Hsite) startup time 371 6 HS
(2) | HSI16 oscillator ) )
lopHsite) power consumption 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 20. HSI16 minimum and maximum value versus temperature
4009
== 1.65V min
-60 140 == 3V typ
3.6V max
=== 1.65V max
=@= 3.6V min
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6.3.10

3

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 48. They are based on the EMS levels and classes
defined in application note AN1709.

Table 48. EMS characteristics

Level/

Symbol Parameter Conditions
Class

Voltage limits to be applied on any 1/0 pin to Vop=33V, To=+25°C,

VFESD . . . fHCLK =32 MHz 3B
induce a functional disturbance conforms to IEC 61000-4-2
Fast transient voltage burst limits to be Vpp=3.3V, Tp=+25°C,

Verrg | applied through 100 pF on Vpp and Vgg fucLk = 32 MHz 4A
pins to induce a functional disturbance conforms to IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e  Unexpected reset

e  Critical data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the oscillator pins for 1
second.
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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.

Table 49. EMI characteristics

Max vs.
Symbol | Parameter Conditions fregnl:)enllg;ri(:n d f:ea?:;nacty Unit
32 MHz
0.1 to 30 MHz -7
Vpp=3.6V, 30 to 130 MHz 14 dBuv
Sgmi | Peaklevel | T, =25 °C,
compliant with IEC 61967-2 130 MHz to 1 GHz 9
EMI Level 2 -
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Figure 23. /0 AC characteristics definition

90% 10%

| 1
EXTERNAL t1O)put  —&—— > t10)out
OUTPUT I I
ONCL f< T ™

Maximum frequency is achieved if (t, + t¢) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.

ai14131d

6.3.14 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rpyy , except when it is internally driven low (see Table 56).

Unless otherwise specified, the parameters given in Table 56 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in

Table 20.
Table 56. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max | Unit
V|L(NRST)(1) NRST input low level voltage - Vss - 0.8
VinnrsT)" | NRST input high level voltage - 1.4 - Voo
|o|_ =2mA _ _ V
vV (1) | NRST output low level 2.7V<Vpp<3.6V 0.4
OL(NRST) " | yoltage =15 .
oL= 1. mA

165V <Vpp <27V

1) | NRST Schmitt trigger voltage 2
Viysursn)" hysteresis - - [10%Vpp® | - | mv
Weak pull-up equivalent
Reu resistor(®) ViN=Vss 30 45 60 | kQ
VF(NRST)“) NRST input filtered pulse - - - 50 | ns
VNF(NRST)“) NRST input not filtered pulse - 350 - - ns

1. Guaranteed by design.
200 mV minimum value

3. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to
the series resistance is around 10%.

3
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Figure 24. Recommended NRST pin protection
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1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V| (vrsT) max level specified in
Table 56. Otherwise the reset will not be taken into account by the device.

6.3.15 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 57 are derived from tests
performed under ambient temperature, fpc| k frequency and Vppa supply voltage conditions
summarized in Table 20: General operating conditions.
Note: It is recommended to perform a calibration after each power-up.
Table 57. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Analog supply voltage for Fast channel 1.65 - 3.6
VoA | ADC on M Y
Standard channel 1.75 - 3.6
Current consumption of the 1.14 Msps - 200 -
| ADC on Vppa 10 ksps - 40 - A
DDA (ADC) M
Current consumption of the 1.14 Msps - 70 -
2
ADC on VDD( ) 10 ksps B 1 .
Voltage scaling Range 1 0.14 - 16
fapc ADC clock frequency Voltage scaling Range 2 0.14 - 8 MHz
Voltage scaling Range 3 0.14 - 4
f5®) Sampling rate 12-bit resolution 0.01 - 1.14 MHz
fADC =16 MHZ,
. : - - 941 kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 1fapc
VaIN Conversion voltage range - 0 - Vppa \Y
3) . . See Equation 1 and ) )
RAIN External input impedance Table 58 for details 50 kQ
Rapc®®) | Sampling switch resistance - - - 1 kQ
Internal sample and hold
®) - - -
Capc capacitor 8 PF
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Table 63. Comparator 2 characteristics

Symbol Parameter Conditions Min | Typ Max(") | Unit
Vppa Analog supply voltage - 1.65 - 3.6 \Y,
VIN Comparator 2 input voltage range - 0 - Vppa \Y
) c tor Startuo i Fast mode - 15 20
omparator startup time
START P P Slow mode - 20| 25
) ). 1.65V<Vppa<2.7V - 1.8 3.5
td slow Propagation delay® in slow mode VE
27V<Vpppa<36V - 25 6
) 2) - 1.65V<Vppa<2.7V - 0.8 2
td fast Propagation delay® in fast mode
27V<Vppa<36V - 1.2 4
Voffset Comparator offset error - +4 +20 mV
VDDA = 33V, TA =0to 50 OC,
dThreshold/ | Threshold voltage temperature V- = VReFINT: ppm
- 3/4 VREFINT - 15 30 o
dt coefficient /°C
1/2 VRerINT:
1/4 VRepINT:
| c ) ion® Fast mode - 3.5 5 A
urrent consumption
comP2 P Slow mode - 0.5 2 g

1. Guaranteed by characterization results.

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. Comparator consumption only. Internal reference voltage (required for comparator operation) is not included.

3
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7.4

3

Thermal characteristics

The maximum chip-junction temperature, T; max, in degrees Celsius, may be calculated
using the following equation:

Ty max =Ty max + (Pp max x ©j,)

Where:

e T, maxis the maximum ambient temperature in °C,
e 0y, is the package junction-to-ambient thermal resistance, in °C/W,
e  Pp max is the sum of P\t max and Pj,o max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|;o max represents the maximum power dissipation on output pins where:
Pio max =X (VoL % lor) * Z((Vpp — Vo) * lon).
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 74. Thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambient 54
LQFP48 - 7 x 7 mm / 0.5 mm pitch
Thermal resistance junction-ambient
C) 36 °C/W
JA TUFQFPN32 - 5 x 5 mm/ 0.5 mm pitch
Thermal resistance junction-ambient 60
LQFP32 -7 x 7 mm /0.8 mm pitch
Figure 40. Thermal resistance
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