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Advanced-control timer (TIM1)

The advanced-control timer (TIM1) can be seen as a three-phase PWM multiplexed on 6
channels. It has complementary PWM outputs with programmable inserted dead times. It
can also be seen as a complete general-purpose timer. The 4 independent channels can be
used for:

e Input capture

e  Output compare

e PWM generation (edge or center-aligned modes)
e  One-pulse mode output

If configured as a standard 16-bit timer, it has the same features as the TIMx timer. If
configured as the 16-bit PWM generator, it has full modulation capability (0-100%).

The counter can be frozen in debug mode.

Many features are shared with those of the standard TIM timers which have the same
architecture. The advanced control timer can therefore work together with the TIM timers via
the Timer Link feature for synchronization or event chaining.

General-purpose timers (TIM2, TIM3, TIM4, TIM15, TIM16 & TIM17)

There are six synchronizable general-purpose timers embedded in the STM32F100xx
devices (see Table 3 for differences). Each general-purpose timers can be used to generate
PWM outputs, or as simple time base.

TIM2, TIM3, TIM4

STM32F100xx devices feature three synchronizable 4-channels general-purpose timers.
These timers are based on a 16-bit auto-reload up/downcounter and a 16-bit prescaler.
They 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
largest packages.

The TIM2, TIM3, TIM4 general-purpose timers can work together or with the TIM1
advanced-control timer via the Timer Link feature for synchronization or event chaining.

TIM2, TIM3, TIM4 all 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.

Their counters can be frozen in debug mode.

TIM15, TIM16 and TIM17

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.

TIM15 has two independent channels, whereas TIM16 and TIM17 feature one single
channel for input capture/output compare, PWM or one-pulse mode output.

The TIM15, TIM16 and TIM17 timers can work together, and TIM15 can also operate with
TIM1 via the Timer Link feature for synchronization or event chaining.

TIM15 can be synchronized with TIM16 and TIM17.

TIM15, TIM16, and TIM17 have a complementary output with dead-time generation and
independent DMA request generation

DoclD16455 Rev 9 ‘Yl




Pinouts and pin description
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Figure 6. STM32F100xx value line TFBGAG64 ballout
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Table 4. Low & medium-density STM32F100xx pin definitions

Pins

LQFP100
LQFP64
TFBGA64

LQFP48

Pin name

1/0 level®

Alternate functions(®4

Main
function®
(after reset)

Default

Remap

PE2

-n
—

PE2

TRACECLK

PE3

110

PE3

TRACEDO

PE4

110

FT

PE4

TRACED1

PE5

110

FT

PE5

TRACED2

PE6

1’0

FT

PEG6

TRACED3

1 |B2

\IN

VBar

PC13-TAMPER-RTC®

1’0

PC13©®

TAMPER-RTC

| N[Ol W|DN
1
1

PC14-0SC32_IN®)

1’0

PC14(©)

0SC32_IN
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Pinouts and pin description

Table 4. Low & medium-density STM32F100xx pin definitions (continued)

Pins _ Alternate functions®®
N
< < © Main
?2 3L ¥ Pin name @ | 3| function®
a kol £ | O | (after reset) Default Remap
[T
g|le|lR|lc =
J| S EHA
9|4 (B1| 4| PC15-0SC32_0OUT®) |10 | - PC15(6) 0SC32_0UT -
00-1]-1|- Vss 5 S | - Vss 5 - -
M -1-1- Vpp 5 - Vpp 5 - -
12| 5 |C1| 5 OSC_IN I - OSC_IN - PDO(™)
13| 6 |D1| 6 OSC_OuT O | - | osc_our - PD1(7)
147 |E1|7 NRST /o | - NRST - -
15| 8 |E3]| - PCO /o | - PCO ADC1_IN10 -
16| 9 |E2| - PC1 /o | - PC1 ADC1_IN11 -
17 |10 |F2| - PC2 /o | - PC2 ADC1_IN12 -
18|11 [-®)| - PC3 /0 | - PC3 ADC1_IN13 -
19|12 |F1| 8 Vssa S | - Vssa - -
20 -1-]- VREF- S | - VREF- - -
21| - |G| - VREF+ S | - VREF+ - -
22 [13|H1| 9 Vbpa S | - Vbpa - -
WKUP / USART2_CTS(12)
23|14 |G2]| 10 PAO-WKUP /o | - PAO ADC1_INO / -
TIM2_CH1_ETR(?)
USART2_RTS(12)
24 (15 |H2| 11 PA1 /o | - PA1 ADC1_IN1/ TIM2, CH2(12) -
USART2_TX(12)
25|16 |F3 |12 PA2 /o | - PA2 ADC1_IN2/TIM2_CH3(12) -
TIM15_CH1(12)
USART2_RXx(12)
26 |17 |G3| 13 PA3 /o | - PA3 ADC1_IN3/TIM2_CH4(12) -
/ TIM15_CH2(12)
27 1 8 Cz - VSS_4 S - VSS_4 - -
28|19 |D2| - Vbp 4 - Vb 4 - -
SPI1_NSS('2/ADC1_IN4
29 | 20 |H3| 14 PA4 /o | - PA4 USART2_CK(12)/ -
DAC1_OUT
SPI1_ScK('2/ADC1_IN5/
30|21 |F4 |15 PA5 /o | - PA5 DAC2 OUT -
SPI1_MISO('2/ADC1_IN6/ | TIM1_BKIN/
3122 |G4| 16 PA6 /o | - PAG TIM3_CH1(1D) TIMT6_CH1
SPI1_MOSI"2/ADC1_IN7/ | TIM1_CH1N
32 (23 |H4 |17 PA7 /o | - PA7 TIM3_CH2(12) JTIMT7 CH1
‘Yl DoclD16455 Rev 9 25/96
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Table 4. Low & medium-density STM32F100xx pin definitions (continued)

Pins _ Alternate functions®®
N
< < © Main
?2 3L ¥ Pin name @ | 3| function®
a kol £ | O | (after reset) Default Remap
[T
g|e|@lc =
S| R
57| - - - PD10 /1O | FT PD10 - USART3_CK
58| - |- |- PD11 Vo [FT|  PD11 - USAR; s.cT
TIM4_CH1
o (17,
59| - - - PD12 | FT PD12 - USART3_RT
S
(11
60 | - - - PD13 /10 | FT PD13 - T|M4—)CH2
(11
61| - - - PD14 /1O | FT PD14 - T|M4—§:H3
(11
62 | - - - PD15 /1O | FT PD15 - T|M4—)CH4
63|37 |F6| - PC6 /1O | FT PC6 - TIM3_CH1
64 |38 |E7| - PC7 /1O | FT PC7 - TIM3_CH2
65|39 |E8| - PC8 /1O | FT PC8 - TIM3_CH3
66 | 40 |[D8| - PC9 /10 | FT PC9 - TIM3_CH4
USART1_CK/MCO/
67 |41 | D7 | 29 PA8 /1O | FT PA8 TIM1_CH1 -
USART1_TXx(12)/
68 |42 |C7 | 30 PA9 /10 | FT PA9 TIMA_CH2 / TIM15_BKIN -
USART1_RX(12)/
69 |43 | C6 | 31 PA10 /0 | FT PA10 TIMA_CH3 / TIM17_BKIN -
70 |44 | C8| 32 PA11 110 | FT PA11 USART1_CTS/TIM1_CH4 -
71145 |B8| 33 PA12 /10 | FT PA12 USART1_RTS/TIM1_ETR -
JTMS-
72 | 46 | A8 | 34 PA13 /1O | FT SWDIO - PA13
73 - - | - Not connected -
74 | 47 |D5| 35 Vss 2 s |- Vss 2 - -
75| 48 |E5| 36 Vpp_ 2 s | - Vpp_ 2 - -
76 | 49 | A7 | 37 PA14 /1O | FT JTCK/KSWCL - PA14
TIM2_CH1_
77 | 50 | A6 | 38 PA15 /1O | FT JTDI - ETR/ PA15/
SPI1_NSS
78 |51 |B7| - PC10 110 | FT PC10 - USART3_TX
‘Yl DoclD16455 Rev 9 27/96
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Table 4. Low & medium-density STM32F100xx pin definitions (continued)

Pins _ Alternate functions®®
N
< < o Main
,8_ 3L ¥ Pin name @ | 3| function®
a kol £ | O | (after reset) Default Remap
TR
g|le|lR|lc =
J| S EHA
79|52 |B6| - PC11 /O | FT PC11 - USART3_RX
80|53|C5| - PC12 /0 | FT PC12 - USART3_CK
81| - [C1] - PDO /10 | FT PDO - -
82| - |D1]| - PD1 /O | FT PD1 - -
83|54 |B5| - PD2 /O | FT PD2 TIM3_ETR -
84| - |- |- PD3 vo |FT|  PD3 - USARSTZ—CT
85| - | - | - PD4 Vo |FT|  PD4 - USARSTZ—RT
86| - | - | - PD5 110 | FT PD5 - USART2_TX
87| - | - | - PD6 /O | FT PD6 - USART2_RX
88| - | - | - PD7 /0 | FT PD7 - USART2_CK
TIM2_CH2 /
89 | 55 | A5 | 39 PB3 vo |FT|  JTDO PB3
TRACESWO
SPI1_SCK
PB4 /
90 | 56 | A4 | 40 PB4 I/0 |FT| NJTRST - TIM3_CH1
SPI1_MISO
TIM3_CH2/
91 | 57 | C4 | 41 PB5 /o | - PB5 12C1_SMBA / TIM16_BKIN | oo~y
12c1_scL(12)
92 | 58 | D3| 42 PB6 /0 | FT PB6 TIM4_CH1(11)(12) USART1_TX
TIM16_CH1N
12C1_SDA(12)
93 |59 |C3|43 PB7 /O | FT PB7 TIM17_CH1N USART1_RX
TIM4_CH2(11)(12)
94 | 60 | B4 | 44 BOOTO I - BOOTO - -
95 | 61 | B3| 45 PB8 /O | FT PB8 TiM4_CH3(I(12)/ 12C1_SCL
TIM16_CH1(12) / cEC(12) -
TIM4_CH4(11)(12)
96 | 62 | A3 | 46 PB9 /O | FT PB9 TIMA7. CH1(2) 12C1_SDA
97 | - | - | - PEO /0 | FT PEO TiM4_ETR("M) -
98| - | -] - PE1 /O | FT PE1 - -
99 | 63 | D4 | 47 Vss 3 S | - Vss 3 - -
100 64 | E4 | 48 Vop 3 S | - Vbp 3 - -
28/96 DoclD16455 Rev 9 ‘Yl




Memory mapping STM32F100x4, STM32F100x6, STM32F100x8, STM32F100xB

4 Memory mapping

The memory map is shown in Figure 7.

Figure 7. Memory map

APB memory space
OXFFFF FFFF,
0x4002 3400 reserved
0x4002 3000 CRC
0x4002 2400 reserved
OXFFFF FFFF 0x4002 2000 | Flash interface
0x4002 1400 reserved
0x4002 1000 RCC
7 0x4002 0400 reserved
0xEO10 0000 0x4002 0000 DMA
Cortex-M3 internal
0xE000 0000 peripherals 0x4001 4C00 reserved
0x4001 4800 TIM17
0x4001 4400 TIM16
6 0x4001 4000 TIM15
0x4001 3C00 reserved
0xC000 0000 0x4001 3800 USART1
0x4001 3400 reserved
5 0x4001 3000 SPI1
0x4001 2C00 TIM1
0xA000 0000 0x4001 2800 reserved
0x4001 2400 ADC1
0x4001 1CO0: reserved
0x4001 1800 Port E
4 Ox1FFF FFFF
reserved 0x4001 1400 Port D
Ox1FFF F80F
) 0x4001 1000 Port C
0x8000 0000 Option Bytes
Ox{FFF F800 0x4001 0C00, PortB
0x4001 0800 Port A
3 System memory 0x4001 0400 EXTI
0x4001 0000 AFIO
Ox1FFF F000
0x6000 0000 0x4000 7C00: reserved
0x4000 7800 CEC
0x4000 7400 DAC
2 0x4000 7000 PWR
0x4000 6CO00| BKP
0x4000 0000 Peripherals S 0x4000 5C00 reserved
0x4000 5800 12C2
. 0x4000 5400 12C1
0x4000 4C00 EEEE
USART3
2000 000 SRAM 0x4000 4800 -
USART2
0x0801 FFFF 0x4000 4400
0x4000 3C00 e
Pl2
0 Flash memory 0x4000 3800 S
0x4000 3400 reserved
00800 0000
0x0000 0000 0x4000 3000 IWDG
Aliased to Flash or system WWDG
memory depending on 0x4000 2C00
BOOT pins 0x4000 2800 RTC
0x0000 0000 g
I:I Reserved 0x4000 1800 reserve
0x4000 1400 TiM7
0x4000 1000 M6
0x4000 0C00 EEIEE
0x4000 0800 TiM4
0x4000 0400 TIM3
0x4000 0000 Tim2
MSv42612V1
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5

5.1

5.1.1

5.1.2

5.1.3

514

5.1.5

3

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced 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 (meanz3%).

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 (mean+2X%).

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 8.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 9.
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Figure 21. Typical application with a 32.768 kHz crystal
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5.3.7 Internal clock source characteristics

The parameters given in Table 23 are derived from tests performed under the ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

High-speed internal (HSI) RC oscillator

Table 23. HSI oscillator characteristics(!

Symbol Parameter Conditions Min | Typ Max | Unit
fhs Frequency - - 8 - MHz
DuCy sy | Duty cycle - 45 - 55 %
T =—-401t0105°C®| 2.4 - 25 | %
To=-10t085°C?® | 2.2 - 13 | %
ACChg | Accuracy of HSI oscillator
To=0to 70 °C? -1.9 - 13 | %
To=25°C -1 - 1 %
tsu(H3|)(3) HSI oscillator startup time - 1 - 2 us
IDD(HS|)(3) HSI oscillator power consumption - - 80 100 HA

1. Vpp=3.3V, Tp =-401to 105 °C °C unless otherwise specified.
2. Guaranteed by characterization results.

3. Guaranteed by design. Not tested in production

3
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5.3.12

56/96

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0 pins programmed in floating input mode. While current is injected into

the 1/0 pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of spec current injection on adjacent pins or other functional failure (for
example reset, oscillator frequency deviation).

The test results are given in Table 33

Table 33. I/0 current injection susceptibility

Functional susceptibility

Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, 0 +0
OSC_0UT32, PA4, PA5, PC13
hing Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5

DoclD16455 Rev 9
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Figure 22. Standard /O input characteristics - CMOS port
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Figure 23. Standard /O input characteristics - TTL port
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Output voltage levels

Unless otherwise specified, the parameters given in Table 35 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 8. All I/Os are CMOS and TTL compliant.

Table 35. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
(1) | Output Low level voltage for an 1/O pin ) )
VoL | when 8 pins are sunk at the same time CMOS port@) 0.4
Output High level voltage for an I/O pi o= oM Y
3) utput High level voltage for an pin 27V<Vpp<36V B )
VoH™ | \hen 8 pins are sourced at the same time Vop~-0-4
(1) | Output low level voltage for an 1/O pin @) )
VoL when 8 pins are sunk at the same time TTL port 0.4
o - ; 10 oi I|O =+8 mA \
3) utput high level voltage for an I/O pin 27V <Van <36V )
Vo™ | yhen 8 pins are sourced at the same time DD 24
Ve ) Output low level voltage for an I/O pin 13
oL ; ; _ 4 - :
when 8 pins are sunk at the same time o= +20 mA®#) v
V., (3) | Output high level voltage for an I/O pin 27V<Vpp<36V V13| -
OH when 8 pins are sourced at the same time po—t-
(1) | Output low level voltage for an 1/O pin
VoL ) : _ 4 - 0.4
when 8 pins are sunk at the same time lo=+6 mA©“) v
\/.(3) | Output high level voltage for an I/O pin 2V<Vpp<27V Vono4 | -
OH" " | when 8 pins are sourced at the same time DD~

1. The || current sunk by the device must always respect the absolute maximum rating specified in Table 6
and the sum of || (/O ports and control pins) must not exceed lygs.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

3. The l,g current sourced by the device must always respect the absolute maximum rating specified in
Table 6 and the sum of |, (I/O ports and control pins) must not exceed |ypp.

4. Based on characterization data, not tested in production.

3
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Electrical characteristics

Figure 27. 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
Table 37. Otherwise the reset will not be taken into account by the device.

5.3.15

TIMx characteristics

The parameters given in Table 38 are guaranteed by design.

Refer to Section 5.3.12: I/O current injection characteristics for details on the input/output
alternate function characteristics (output compare, input capture, external clock, PWM

output).
Table 38. TIMx characteristics
Symbol Parameter Conditions(? Min Max Unit
: . - 1 - trimxcLk
tres(ivy | Timer resolution time
leMXCLK =24 MHz | 41.7 - ns
; Timer external clock 0 frimxcLi/2 MHz
EXT 2
frequency on CHx? frivxoLk = 24 MHz | 0 12 MHz
Restiyv | Timer resolution - - 16 bit
16-bit counter clock period - 1 65536 trIMxCLK
tcounter | When the internal clock is
selected frivxcLk =24 MHz | - 2730 Hs
- - 65536 x 65536 tT|MXCLK
tMAX counT | Maximum possible count
- leMXCLK =24 MHz - 178 S

1.

TIMx is used as a general term to refer to the TIM1, TIM2, TIM3, TIM4, TIM15, TIM16 and TIM17 timers.

2. CHxis used as a general term to refer to CH1 to CH4 for TIM1, TIM2, TIM3 and TIM4, to the CH1 to CH2
for TIM15, and to CH1 for TIM16 and TIM17.

3
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SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 41 are derived from tests
performed under the ambient temperature, fpc| kx frequency and Vpp supply voltage

conditions summarized in Table 8.

Refer to Section 5.3.12: 1/O current injection characteristics for more details on the
input/output alternate function characteristics (NSS, SCK, MOSI, MISO).

Table 41. SPI characteristics

Symbol Parameter Conditions Min Max Unit
Master mode - 12
fsck SPI clock frequency MHz
1esck) Slave mode - 12
tysck) | SPI clockrise and fall Capacitive load: C = 30 pF 8 ns
tf(SCK) time
DUCy(SCK) ili;sc'i‘éﬁa'”p“t clock | glave mode 30 70 | %
tSU(NSS)(1) NSS setup time Slave mode 4tpcLk -
th(NSS)(1) NSS hold time Slave mode 2tPCLK -
O =
tw(SCKH) | | SCK high and low time | MaSter mode, fpeic =24 MHz, | 5, 60
tW(SCKL) presc = 4
t (M Master mode 5 -
suMi ;) | Data input setup time
tsu(si) Slave mode 5 -
thom) (1 Master mode 5 -
Data input hold time
(PN Slave mode 4 -
h(Sl) ns
ta(so)(1)(2) Data output access time | Slave mode, fpc k = 24 MHz 0 3tpcLk
taisso) ) | Data output disable time | Slave mode 2 10
ty(so) () |Data output valid time Slave mode (after enable edge) - 25
tV(MO)“) Data output valid time g/ldagset?r mode (after enable - 5
th(so)“) Slave mode (after enable edge) 15 -
1) Data output hold time | paster mode (after enable
t 2 -
h(MO) edge)

Guaranteed by characterization results.

2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate

the data.

3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
the data in Hi-Z
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Table 42. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 24 - 3.6 \Y
Vgrer+ | Positive reference voltage - 24 - Vppa \Y
rer F(;‘iLrJ]rrent on the Vg input . - 160(" | 220" HA

fapc | ADC clock frequency - 0.6 - 12 MHz
fg®) | Sampling rate - 0.05 - 1 MHz
fapc = 12 MHz - - 705 kHz
fTR|G(2) External trigger frequency
- - - 17 1fapc
Van® | Conversion voltage range - 0 (Vssatied to - VREF+ v

ground)

2) : ; See Equation 1 and ) i
RAIN External input impedance Table 43 for details 50 KQ

RADC(z) Sampling switch resistance - - - 1 KO
@) |Internal sample and hold ) ) )
Canc capacitor 8 PF
fADC =12 MHz 6.9 us
tCAL(2) Calibration time
- 83 1/fADC
{(2) |Injection trigger conversion fanc = 12 MHz - - 0.25 us
lat latency i _ - 3D | Ao
¢ (2 |Regular trigger conversion fapc = 12 MHz - - 0.166 Hs
latr Iatency _ _ _ 2(4) 1/fADC
0.125 - 20.0 ps
ts® | Sampling time fapc = 12 MHz
1.5 - 239.5 1fapc
tSTAB(z) Power-up time - 0 0 1 us
fapc = 12 MHz 1.17 - 21 gs

t CONV(z) Total cgnversion_timg '
(including sampling time) 14 to 252 (tg for sampling +12.5 for

) successive approximation) Wioc

1. Based on characterization results, not tested in production.
Guaranteed by design.

VRer+ €an be internally connected to Vppp and Vreg. can be internally connected to Vgga, depending on the package.
ReFer to Table 4: Low & medium-density STM32F100xx pin definitions and Figure 6 for further details.

4. For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 42.

Equation 1: Ry)y max formula:
s

Rain < N3~ Raoc

fapc X Capc x In(2 )

The above formula (Equation 1) is used to determine the maximum external impedance allowed for an
error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

3
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Device marking for TFBGA64

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

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 45. TFBGA64 marking example (package top view)

Product identification"

— 32FL00Bk

Date code

Y| Ww

Ball 1 identifier\ m 4/

Additional Information

i

MSv36580V1

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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