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Low-power modes

The STM32F102xx medium-density USB access line supports three low-power modes to
achieve the best compromise between low power consumption, short startup time and
available wakeup sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e  Stop mode

The Stop mode achieves the lowest power consumption while retaining the content of
SRAM and registers. All clocks in the 1.8 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator can also be put
either in normal or in low power mode.

The device can be woken up from Stop mode by any of the EXTI line. The EXTI line
source can be one of the 16 external lines, the PVD output or the RTC alarm.

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.8 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, SRAM and registers content are lost except for registers in the Backup
domain and Standby circuitry.

The device exits Standby mode when an external reset (NRST pin), a IWDG reset, a
rising edge on the WKUP pin, or an RTC alarm occurs.

The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop
or Standby mode.

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 support for software
trigger on each channel. Configuration is made by software and transfer sizes between
source and destination are independent.

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

RTC (real-time clock) and backup registers

The RTC and the backup registers are supplied through a switch that takes power either on
Vpp supply when present or through the Vgat pin. The backup registers are ten 16-bit
registers used to store 20 bytes of user application data when Vpp power is not present.

The real-time clock provides a set of continuously running counters which can be used with
suitable software to provide a clock calendar function, and provides an alarm interrupt and a
periodic interrupt. It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the
internal low power RC oscillator or the high-speed external clock divided by 128. The
internal low power RC has a typical frequency of 40 kHz. The RTC can be calibrated using
an external 512 Hz output to compensate for any natural crystal deviation. The RTC
features a 32-bit programmable counter for long term measurement using the Compare
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register to generate an alarm. A 20-bit prescaler is used for the time base clock and is by
default configured to generate a time base of 1 second from a clock at 32.768 kHz.

Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 40 kHz internal RC and as it operates independently from the
main clock. it can operate in Stop and Standby modes. It can be used 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

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.

SysTick timer

This timer is dedicated for OS, but could also be used as a standard down counter. It
features:

A 24-bit down counter

Autoreload capability

Maskable system interrupt generation when the counter reaches 0.

e Programmable clock source

General-purpose timers (TIMx)

There are 2 synchronizable general-purpose timers embedded in the STM32F 102xx
medium-density USB access line devices. These timers are based on a 16-bit auto-reload
up/down counter, a 16-bit prescaler and feature 4 independent channels each for input
capture, output compare, PWM or one-pulse mode output. This gives up to 12 input
captures / output compares / PWMs on the LQFP48 and LQFP64 packages.

The general-purpose timers can work together via the Timer Link feature for synchronization
or event chaining. Their counter can be frozen in debug mode.

Any of the general-purpose timers can be used to generate PWM outputs. They both have
independent DMA request generation.

These timers are capable of handling quadrature (incremental) encoder signals and the
digital outputs from 1 to 3 hall-effect sensors.

I’C bus

One I?C bus interface can operate in multi-master and slave modes. It can support standard
and fast modes. It supports dual slave addressing (7-bit only) and both 7/10-bit addressing
in master mode. A hardware CRC generation/verification is embedded.

The I°C interface can be served by DMA and they support SM Bus 2.0/PM Bus.
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Universal synchronous/asynchronous receiver transmitter (USART)

The available USART interfaces communicate at up to 2.25 Mbit/s. They provide hardware
management of the CTS and RTS signals, support IrDA SIR ENDEC, are ISO 7816
compliant and have LIN Master/Slave capability.

The USART interfaces can be served by the DMA controller.

Serial peripheral interface (SPI)

The SPl is able to communicate up to 12 Mbit/s in slave and master modes in full-duplex
and simplex 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 SPI can be served by the DMA controller.

Universal serial bus (USB)

The STM32F102xx medium-density USB access line embeds an USB device peripheral
compatible with the USB Full-speed 12 Mbs. The USB interface implements a full-speed (12
Mbit/s) function interface. It has software configurable endpoint setting and suspend/resume
support. The dedicated 48 MHz clock is generated from the internal main PLL (the clock
source must use a HSE crystal oscillator).

GPIOs (general-purpose inputs/outputs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. All GPIOs are high current
capable.

The 1/Os alternate function configuration can be locked if needed following a specific
sequence in order to avoid spurious writing to the 1/Os registers.

ADC (analog to digital converter)

The 12-bit analog to digital converter has up to 16 external channels and performs
conversions in single-shot or scan modes. In scan mode, automatic conversion is performed
on a selected group of analog inputs.

The ADC can be served by the DMA controller.

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

Temperature sensor

The temperature sensor has to generate a a voltage that varies linearly with temperature.
The conversion range is between 2 V < Vppp < 3.6 V. The temperature sensor is internally
connected to the ADC_IN16 input channel which is used to convert the sensor output
voltage into a digital value.

Serial wire JTAG debug port (SWJ-DP)

The ARM® SWJ-DP Interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.
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The JTAG TMS and TCK pins are shared respectively with SWDIO and SWCLK and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.

3
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Pinout and pin description

Figure 3. STM32F102xx medium-density USB access line LQFP48 pinout
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Figure 4. STM32F102xx medium-density USB access line LQFP64 pinout
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Table 4. Low-density STM32F102xx pin definitions (continued)

Pins < Alternate functions(® (4)
= o Main
g § Pin name ‘é’ 3 function®
E., E., - 9 (after reset) Default Remap
- - -
20 | 28 PB2 /0 | FT | PB2/BOOT1 - -
21 | 29 PB10 /0 | FT PB10 ®) TIM2_CH3
22 | 30 PB11 /0 | FT PB11 ®) TIM2_CH4
23 | 31 Vss 1 S - Vss 1 - .
24 | 32 Vbp_ 1 S - Vbp_1 - -
25 | 33 PB12 /0 | FT PB12 ®) -
26 | 34 PB13 /0 | FT PB13 - -
27 | 35 PB14 /0 | FT PB14 - -
28 | 36 PB15 /0 | FT PB15 - -
- | 37 PC6 /0 | FT PC6 - TIM3_CH1
- | 38 PC7 /o | FT PC7 - TIM3_CH2
- | 39 PC8 /o | FT PC8 - TIM3_CH3
- | 40 PC9 /0 | FT PC9 - TIM3_CH4
29 | 41 PA8 /0 | FT PA8 USART1_CK/MCO -
30 | 42 PA9 /0 | FT PA9 USART1_TX®) -
31 | 43 PA10 /0 | FT PA10 USART1_RX®) -
32 | 44 PA11 /0 | FT PA11 USART1_CTS/USB_DM -
33 | 45 PA12 /0 | FT PA12 USART1_RTS/USB_DP -
34 | 46 PA13 10 | FT élJvhlg?o - PA13
35 | 47 Vss 2 S - Vss 2 - -
36 | 48 Vpp 2 S - Vop, 2 - .
37 | 49 PA14 /0 | FT S:JV-I\-/(C:;}E/K - PA14
TIM2_CH1_ETR
38 | 50 PA15 /0 | FT JTDI - / PA15
ISPI_NSS
- | 51 PC10 /0 | FT PC10 - -
- | 52 PC11 /0 | FT PC11 - -
- | 53 PC12 /0 | FT PC12 - -
- | 54 PD2 /0 | FT PD2 - -
TIM2_CH2/PB3/
39 | 55 PB3 /0 | FT JTDO - TRACESWO/
SPI_SCK
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Table 4. Low-density STM32F102xx pin definitions (continued)

Pins < Alternate functions(® (4)
= ‘é Main
g |3 Pin name 2 | 2 function®
o & | O | (after reset) Default Remap
(¢) (¢) -
-l -l -
TIM3_CH1 /PB4

40 56 PB4 110 FT JNTRST - SPI_MISO

TIM3_CH2 /
41 57 PB5 110 - PB5 12C_SMBA SPI_MOSI
42 | 58 PB6 o | FT PB6 12C_SCL® USART1_TX
43 | 59 PB7 o | FT PB7 12C_SDA®) USART1_RX
44 60 BOOTO | - BOOTO - -
45 61 PB8 110 FT PB8 - 12C_SCL
46 62 PB9 110 FT PB9 - 12C_SDA
47 | 63 Vss 3 s | - Vss._3 - }
48 | 64 Vop_3 s | - Voo_3 - i

| = input, O = output, S = supply.
FT=5V tolerant.

3. Function availability depends on the chosen device. For devices having reduced peripheral counts, it is always the lower
number of peripherals that is included. For example, if a device has only one SPI, two USARTs and two timers, they will be
called SPI1, USART1 & USART2 and TIM2 & TIM 3, respectively. Refer to Table 3 on page 12.

4. |If several peripherals share the same /O pin, to avoid conflict between these alternate functions only one peripheral should
be enabled at a time through the peripheral clock enable bit (in the corresponding RCC peripheral clock enable register).

5. PC13, PC14 and PC15 are supplied through the power switch. Since the switch only sinks a limited amount of current (3
mA), the use of GPIOs PC13 to PC15 in output mode is limited: the speed should not exceed 2 MHz with a maximum load
of 30 pF and these I0s must not be used as a current source (e.g. to drive an LED).

6. Main function after the first backup domain power-up. Later on, it depends on the contents of the Backup registers even
after reset (because these registers are not reset by the main reset). For details on how to manage these 10s, refer to the
Battery backup domain and BKP register description sections in the STM32F102xx reference manual, available from the
STMicroelectronics website: www.st.com.

7. The pins number 5 and 6 in the LQFP48 package are configured as OSC_IN/OSC_OUT after reset, however the
functionality of PDO and PD1 can be remapped by software on these pins. For more details, refer to the Alternate function
I/O and debug configuration section in the STM32F 10xxx reference manual.
The use of PDO and PD1 in output mode is limited as they can only be used at 50 MHz in output mode.

8. This alternate function can be remapped by software to some other port pins (if available on the used package). For more
details, refer to the Alternate function I/O and debug configuration section in the STM32F10xxx reference manual,
available from the STMicroelectronics website: www.st.com.

3
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5.1.5

3

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referred to Vgg.

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 Ty = 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).

Typical values

Unless otherwise specified, typical data are based on Ty = 25 °C, Vpp = 3.3 V (for the
2V <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 (meant2a).

Typical curves

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

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 6.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 7.
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5.1.7

5.2

3

Current consumption measurement

Figure 9. Current consumption measurement scheme

IDD_VBAT
VBAT;
IpD
AO)’D_D[
i VDDfI::I

L

ai14126

Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 5: Voltage characteristics,
Table 6: Current characteristics, and Table 7: Thermal characteristics may cause permanent
damage to the device. These are stress ratings only and functional operation of the device
at these conditions is not implied. Exposure to maximum rating conditions for extended
periods may affect device reliability.

Table 5. Voltage characteristics

(human body model)

Symbol Ratings Min Max Unit
External main supply voltage (including
Vpp -V -0.3 4.0
DD 7SS | Vppa and Vpp)
V@ Input voltage on five volt tolerant pin Vgg—0.3 Vpp +4.0 v
IN
Input voltage on any other pin Vgg—-0.3 4.0
[AVppyl | Variations between different Vpp power pins - 50
Variations between all the different ground mV
IVssx —Vssl | ; g - 50
pins
Electrostatic discharge voltage see Section 5.3.11: Absolute maximum
VEsD(HBM)

ratings (electrical sensitivity)

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. V),y maximum must always be respected. Refer to Table 6: Current characteristics for the maximum

allowed injected current values.
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5.3.3 Embedded reset and power control block characteristics

The parameters given in Table 10 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

Table 10. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 21 | 218|226 | V
PLS[2:0]=000 (falling edge) 20 |208|216| V
PLS[2:0]=001 (rising edge) 219 | 2.28 | 2.37 \%
PLS[2:0]=001 (falling edge) 209 | 218|227 | V
PLS[2:0]=010 (rising edge) 228 | 238|248 | V
PLS[2:0]=010 (falling edge) 218 | 228|238 | V
PLS[2:0]=011 (rising edge) 238 | 248|258 | V
Veus gg‘ﬁggfo':‘?e‘jg:esgfe'ﬁﬂi PLS[2:0]=011 (fé”,ing edge) 228 | 238|248 | V
PLS[2:0]=100 (rising edge) 247 | 2.58 | 2.69 \%
PLS[2:0]=100 (falling edge) 237 | 248|259 | V
PLS[2:0]=101 (rising edge) 257 | 268|279 | V
PLS[2:0]=101 (falling edge) 247 | 258|269 | V
PLS[2:0]=110 (rising edge) 266 | 278 | 2.9 \Y
PLS[2:0]=110 (falling edge) 256 | 268 | 2.8 \Y
PLS[2:0]=111 (rising edge) 2.76 | 2.88 3 \%
PLS[2:0]=111 (falling edge) 266 | 278 | 2.9 \
Vpyphyst? | PVD hysteresis - - 100 | - | mVv
Voompon | POWET oNlpower down Falling edge 181 | 1.88 | 1.96 | V
reset threshold Rising edge 184 [1.92] 20 | V
Vpprhyst | PDR hysteresis - - 40 - mV
tRSTTEMpo(Z) Reset temporization - 1.5 25 | 45 | ms

1. The product behavior is guaranteed by design down to the minimum Vpggrppr Value.

2. Guaranteed by design, not tested in production.

5.34 Embedded reference voltage

The parameters given in Table 11 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

3
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On-chip peripheral current consumption
The current consumption of the on-chip peripherals is given in Table 18. The MCU is placed
under the following conditions:
e all /O pins are in input mode with a static value at Vpp or Vgg (no load)
e all peripherals are disabled unless otherwise mentioned
e the given value is calculated by measuring the current consumption
— with all peripherals clocked off
— with only one peripheral clocked on
e ambient operating temperature and Vpp supply voltage conditions as summarized in

Table 5.
Table 18. Peripheral current consumption“)
Peripheral MA/MHz

DMA1 15.97

AHB (up to 48 MHz) CRC 1.67
BusMatrix® 8.33
APB1-Bridge 7.22
TIM2 33.33
TIM3 33.61
USART2 12.78

APB1 (up to 24 MHz) 121 1083
USB 16.94
WWDG 3.33
PWR 1.94
BKP 2.78
IWDG 1.39
APB2-Bridge 3.33
GPIOA 7.50
GPIOB 6.81

APB2 (up to 48 MHz) GPloc 122
GPIOD 6.94
SPI1 4.86
USART1 12.78
ADC1(3) 4) 15.54

fucLk = 48 MHz, fapg1 = fHcLk/2, fape2 = fHeLk, default prescaler value for each peripheral.
The BusMatrix is automatically active when at least one master is ON.
SpeCiﬁC conditions for ADC: fHCLK =48 MHZ, fAPB1 = fHCLK/2, fAPBZ = fHCLK* fADCCLK = prle4.

When ADON bit in the ADC_CR2 register is set to 1, there is an additional current consumption of 0, 68
mA. When we enable the ADC, there is an additional current consumption of 0, 06 mA.

L A
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Figure 16. High-speed external clock source AC timing diagram
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Figure 17. Low-speed external clock source AC timing diagram
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2. Refer to application note AN2868 “STM32F 10xxx internal RC oscillator (HSI) calibration” available from the

ST website www.st.com.

3. Guaranteed by design, not tested in production.

Based on characterization, not tested in production.

5. The actual frequency of HSI oscillator may be impacted by a reflow, but does not drift out of the specified

range.

Low-speed internal (LSI) RC oscillator

Table 24. LSI oscillator characteristics ()

Symbol Parameter Min®® Typ Max Unit

fLsi Frequency 30 40 60 kHz
tsuws)® | LS! oscillator startup time - - 85 us
IDD(LSI)(3) LSI oscillator power consumption - 0.65 1.2 pA

1. Vpp =3V, Ty =40 to 85 °C unless otherwise specified.
2. Based on characterization, not tested in production.

3. Guaranteed by design, not tested in production.

Wakeup time from low-power mode

The wakeup times given in Table 25 is measured on a wakeup phase with a 8-MHz HSI RC
oscillator. The clock source used to wake up the device depends from the current operating

mode:
e  Stop or Standby mode: the clock source is the RC oscillator
e Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 8.

Table 25. Low-power mode wakeup timings

Symbol Parameter Typ Unit
twusteep'" Wakeup from Sleep mode 1.8 V]
Wakeup from Stop mode (regulator in run mode) 3.6
1
tWUSTOP( ) Wakeup from Stop mode (regulator in low-power 54 Hs
mode) ’
tWUSTDBY(” Wakeup from Standby mode 50 ps

1. The wakeup times are measured from the wakeup event to the point at which the user application code
reads the first instruction.

PLL characteristics

The parameters given in Table 26 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.
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Figure 25. 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) (yrsT) max level specified in
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Table 39. Otherwise the reset will not be taken into account by the device.
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Table 43. USB DC electrical characteristics

Symbol Parameter Conditions Min.(V) | Max.(") | Unit
Vpp | USB operating voltage(® - 3.00) 3.6 \Y
Input Vp ™ | Differential input sensitivity I(USB_DP, USB_DM) | 0.2 -
levels | v, | Differential common mode range | Includes Vp, range 0.8 2.5 \%
VSE(4) Single ended receiver threshold - 1.3 2.0
Output| VoL |Static output level low R of 1.5kQto 3.6 VO | - 0.3 y
levels | v, |Static output level high R, of 15 kQto Vgs® | 2.8 3.6

1. All the voltages are measured from the local ground potential.

2. To be compliant with the USB 2.0 full-speed electrical specification, the USB_DP (D+) pin should be pulled
up with a 1.5 kQresistor to a 3.0-to-3.6 V voltage range.

3. The STM32F102xx USB functionality is ensured down to 2.7 V but not the full USB electrical
characteristics which are degraded in the 2.7-to-3.0 V Vpy voltage range.

Guaranteed by design, not tested in production.
R is the load connected on the USB drivers

Figure 30. USB timings: definition of data signal rise and fall time

Crossover
points
Differential
Data Lines / \
\/CRS -------- X X
Y "
SS tf 1 1 tl' 1 :
ai14137
Table 44. USB: Full speed electrical characteristics of the driver()
Symbol Parameter Conditions Min Max Unit
t, Rise time(®) C_ =50 pF 4 20 ns
t Fall time(®) C_ =50 pF 4 20 ns
trfm Rise/ fall time matching t./ t 90 110 %
Vcrs | Output signal crossover voltage - 1.3 2.0 \

Guaranteed by design, not tested in production.

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB
Specification - Chapter 7 (version 2.0).

5.3.17 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 45 are derived from tests
performed under ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 8.

Note: It is recommended to perform a calibration after each power-up.

3
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Table 46. Ry max for fapc = 12 MHz(")

T (cycles) ts (us) Rain max (k)
15 0.13 0.4
7.5 0.63 59
13.5 1.13 114
28.5 2.38 25.2
41.5 3.46 37.2
55.5 4.63 50
71.5 5.96 NA
239.5 19.96 NA
1. Data guaranteed by design, not tested in production.
Table 47. ADC accuracy - limited test conditions(")
Symbol Parameter Test conditions Typ Max(? Unit
ET Total unadjusted error focLko = 48 MHz. 1.3 12
EO |Offset error fapc = 12 MHz, Ry <10 kQ | 41 +1.5
V =3Vto36V
EG |Gain error DDA =< V10 105 | 15 | LSB
Tpo=25°C
EL Integral linearity error ADC calibration +0 1.5
1. ADC DC accuracy values are measured after internal calibration.
2. Based on characterization, not tested in production.
Table 48. ADC accuracy(!) (2) (3)
Symbol Parameter Test conditions Typ Max(4) Unit
ET Total unadjusted error +2 15
fPCLK2 =48 MHz.
EO |Offset error fapc = 12 MHz, Ry < 10 kQ 1.5 2.5
EG Gain error Vppa=24Vto3.6V 1.5 13 LSB
ED |Differential linearity error Measurements made after +1 +2
ADC calibration
EL Integral linearity error 1.5 +3

ADC DC accuracy values are measured after internal calibration.

Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

ADC accuracy vs. negative injection current: Injecting a negative current on any 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 analog pins which may potentially

inject negative currents.
Any positive injection current within the limits specified for lyypiny @and Zliyyeiny in Section 5.3.13 does not
affect the ADC accuracy.

Based on characterization, not tested in production.
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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.

© 2015 STMicroelectronics — All rights reserved
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