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Advanced-control timer (TIM1)

The advanced-control timer (TIM1) can be seen as a three-phase PWM multiplexed on six
channels. It has complementary PWM outputs with programmable inserted dead times. It
can also be seen as a complete general-purpose timer. The four 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 timers which have the same
architecture. The advanced control timer can therefore work together with the other timers
via the Timer Link feature for synchronization or event chaining.

General-purpose timers (TIM2, 3, 14, 15, 16, 17)

There are six synchronizable general-purpose timers embedded in the STM32F091xB/xC
devices (see Table 7 for differences). Each general-purpose timer can be used to generate
PWM outputs, or as simple time base.

TIM2, TIM3

STM32F091xB/xC devices feature two synchronizable 4-channel general-purpose timers.
TIM2 is based on a 32-bit auto-reload up/downcounter and a 16-bit prescaler. TIM3 is 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 and TIM3 general-purpose timers can work together or with the TIM1 advanced-
control timer via the Timer Link feature for synchronization or event chaining.

TIM2 and TIM3 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.

Their counters can be frozen in debug mode.
TIM14

This timer is based on a 16-bit auto-reload upcounter and a 16-bit prescaler.

TIM14 features one single channel for input capture/output compare, PWM or one-pulse
mode output.

Its counter 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.
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STM32F091xB STM32F091xC Pinouts and pin descriptions

Figure 6. LQFP64 package pinout
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STM32F091xB STM32F091xC

Pinouts and pin descriptions

Table 13. STM32F091xB/xC pin definitions (continued)

Pin numbers

Pin functions

[e0]
< [0]
o § Pin name g 5 0
S |83 |z |% i > S |¢
2 g 5 8 % 8 (fUﬂCtIOHtUpon £ % § Alternate functions Additional
8 o | D G913 reset) &1 o functions
-] o
LL
o
|
3)
A10| 76 | A7 | 49 | B3 | 37 PA14 /0| FT | @ | USART2_TX, SWCLK -
SPI1_NSS, 1281_WS,
USART2_RX,
A9 | 77 | A6 | 50 | A2 | 38 PA15 v | FT | @ USART4_RTS, -
TIM2_CH1_ETR,
EVENTOUT
) 3) USART3_TX, )
B11 | 78 | B7 | 51 | A3 PC10 o | FT USARTA_TX
) 3) USART3_RX, )
C10| 79 |B6 |52 | C4 PC11 o | FT USART4_RX
USART3_CK,
B10 |80 |C5|53 | B4 | - PC12 | Fr | ® USART4_CK, -
USART5_TX
] (3) | SPI2_NSS, 1282 WS, )
c9 | 81 PDO o | FT CAN_RX
R 3) SPI2_SCK, 1252_CK )
B9 | 82 PD1 o | FT CAN. TX
) 3) USART3_RTS, )
C8 | 83 |B5| 54 | Ad PD2 o | FT TIM3_ETR, USART5_RX
SPI2_MISO, 1252_MCK,
B8 |84 | - | - | - | - PD3 o | FT USART2 CTS -
SPI2_MOSI, 12S2_SD,
B7 |85 | - | - | - | - PD4 o | FT USART2. RTS -
A6 |86 | - | - | - | - PD5 o | FT USART2_TX -
B6 |87 | - | - | - | - PD6 o | FT USART2_RX -
A5 |88 - | - | - | - PD7 o | FT USART2_CK -
SPI1_SCK, 1281_CK,
A8 | 89 | A5 | 55| D4| 39 PB3 o | FT TIM2_CH2, TSC_G5_101, -
EVENTOUT, USART5_TX
SPI1_MISO, 12S81_MCK,
TIM17_BKIN, TIM3_CHA1,
A7 | 90 | A4 | 56 | D5 | 40 PB4 o | FT 75C. G5 102, -
EVENTOUT, USART5_RX
‘Yl DoclD026284 Rev 4 39/128
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Table 14. Alternate functions selected through GPIOA_AFR registers for port A

Pin name AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

PAO - USART2_CTS | TIM2_CH1 _ETR | TSC_G1_101 | USART4_TX - - COMP1_OUT
PA1 EVENTOUT USART2_RTS | TIM2_CH2 | TSC_G1_102 | USART4 RX | TIM15_CH1N - -

PA2 TIM15_CH1 USART2_TX TIM2_CH3 | TSC_G1_103 - - - COMP2_OUT
PA3 TIM15_CH2 USART2_RX TIM2_CH4 | TSC_G1_I04 - - - -

PA4 SPI1_NSS, 12S1_ WS | USART2 CK - TSC_G2 101 | TIM14_CH1 | USART6_TX - -

PA5 SPI1_SCK, 12S1_CK CEC TIM2_CH1_ETR | TSC_G2_I02 - USART6_RX - -

PAG SPI1_MISO, 12S1_MCK | TIM3_CH1 TIM1_BKIN | TSC_G2_103 | USART3_CTS | TIM16_CH1 | EVENTOUT | COMP1_OUT
PA7 SPI1_MOSI, 12S1_SD | TIM3_CH2 TIM1_CHIN | TSC_G2 104 | TIM14 CH1 | TIM17_CH1 | EVENTOUT | COMP2_OUT
PA8 MCO USART1_CK TIM1_CH1 EVENTOUT | CRS_SYNC - - -

PA9 TIM15_BKIN USART1_TX TIM1_CH2 | TSC_G4 101 | I12C1_SCL MCO - -
PA10 TIM17_BKIN USART1_RX TIM1_CH3 | TSC_G4 102 | 12C1_SDA - - -
PA11 EVENTOUT USART1 CTS | TIM1 CH4 |TSC G4 103| CAN_RX 12C2_SCL - COMP1_OUT
PA12 EVENTOUT USART1 RTS | TIM1_ETR | TSC_ G4 104 | CAN_TX 12C2_SDA - COMP2_OUT
PA13 SWDIO IR_OUT - - - - - -
PA14 SWCLK USART2_TX - - - - - -
PA15 SPI1_NSS, 12S1_ WS | USART2 RX | TIM2_CH1_ETR | EVENTOUT | USART4 RTS - - -

OXT604CENLS 9XT604CENLS
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Table 16. Alternate functions selected through GPIOC_AFR registers for port C

Pin name AFO AF1 AF2
PCO EVENTOUT USART7_TX USART6_TX
PC1 EVENTOUT USART7_RX USART6_RX
PC2 EVENTOUT SPI2_MISO, 12S2_MCK USART8_TX
PC3 EVENTOUT SPI2_MOSI, 12S2_SD USART8_RX
PC4 EVENTOUT USART3_TX -

PC5 TSC_G3_l01 USART3_RX -
PC6 TIM3_CH1 USART7_TX -
PC7 TIM3_CH2 USART7_RX -
PC8 TIM3_CH3 USART8_TX -
PC9 TIM3_CH4 USART8_RX -
PC10 USART4_TX USART3_TX -
PC11 USART4_RX USART3_RX -
PC12 USART4_CK USART3_CK USART5_TX
PC13 - - -
PC14 - - -
PC15 - - -

Table 17. Alternate functions selected through GPIOD_AFR registers for port D

Pin name AFO AF1 AF2

PDO CAN_RX SPI2_NSS, 1282_WS -

PD1 CAN_TX SPI2_SCK, 1282_CK -

PD2 TIM3_ETR USART3_RTS USART5_RX
PD3 USART2_CTS SPI2_MISO, 12S52_MCK -

PD4 USART2_RTS SPI2_MOSI, 12S2_SD -

PD5 USART2_TX - -

PD6 USART2_RX - -

PD7 USART2_CK - -

PD8 USART3_TX - -

PD9 USART3_RX - -

PD10 USART3_CK - -

PD11 USART3_CTS - -

PD12 USART3_RTS TSC_G8_101 USART8_CK_RTS
PD13 USARTS8_TX TSC_G8_102 -

PD14 USART8_RX TSC_G8_103 -

PD15 CRS_SYNC TSC_G8 104 USART7_CK_RTS
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Electrical characteristics STM32F091xB STM32F091xC

Table 29. Typical and maximum current consumption from Vpp supply at Vpp =3.6 V

o All peripherals enabled All peripherals disabled
— (V]
o = 1 1
£ E | Conditions | fucik Max @ o Max @ ToW Unit
S s Typ Typ
o 25°C | 8°C | 105°C 25°C | 85°C | 105 °C

HSI148 48 MHz | 26.9 29.5 30.3 30.6 14.7 | 16.1 16.3 16.4
48 MHz | 26.7 29.2 30.1 30.3 146 | 16.0 16.2 16.2

>
@]
8 § |HSEbypass, o T 180 | 204 | 208 | 210 | 104 108 | 109 | 11.0
gg PLL on
c < 24MHz | 140 | 157 | 164 | 162 | 85 | 90 | 92 | 94
35 @©
2 s
T |HsEbypass, | BMHz | 48 | 53 55 59 | 30| 32 | 33 | 35
£ PLL off 1MHz | 1.3 15 16 1.9 10 | 11 1.2 1.4
S o
5E 48MHz | 26.8 | 294 | 302 | 305 |147| 161 | 163 | 16.3
>
28 | HSldock "o Muz [ 181 | 205 | 209 | 212 | 102]| 109 | 110 | 114
23 PLL on
D o 24MHz | 141 | 159 | 162 | 164 | 86 | 91 | 92 | 95
o
© HSI clock,

llog | 8MHz | 48 | 54 5.6 59 | 31| 32 | 34 | 35

mA

HSI48 48 MHz | 26.3 28.7 29.5 29.7 140 | 153 15.5 15.7
48 MHz | 26.0 284 29.2 294 139 | 15.2 15.4 15.6

§<§: HSEIE’IE"C’)?]SS’ 32MHz | 174 | 195 | 199 | 2041 | 96 | 103 | 104 | 105
E % 24MHz | 133 | 151 | 155 | 156 | 76 | 82 | 84 | 85
>
i 2 |nse bypass, | 8MHz | 44 | 49 5.1 53 | 24| 26 | 28 | 29
S o ’
Ipp £ = PLL off 1MHz | 0.9 0.9 1.0 1.2 05 | 06 0.7 0.8
= O
52 48MHz | 261 | 285 | 293 | 295 |139| 153 | 155 | 156
(0]
;Z g H;'_E";flk’ 32MHz | 175 | 196 | 200 | 203 | 97 | 104 | 105 | 106
@]
@ ° 24MHz | 133 | 153 | 157 | 158 | 77 | 82 | 85 | 86
HSI clock,
BLLoff | | 8MHz | 48 | 50 5.2 54 | 25| 27 | 29 | 30

HSI48 | 48MHz | 170 | 187 | 191 | 194 | 32 | 35 | 36 | 37
48MHz | 169 | 185 | 19.0 | 193 | 31| 35 | 35 | 36
32MHz | 113 | 126 | 128 | 131 |22 | 24 | 25 | 26
24MHz | 86 | 98 | 100 | 101 |17 | 19 | 20 | 20
HSEbypass, | 8MHz | 29 | 32 3.4 37 | 08| 09 | 09 | 10

PLLoff | 1MHz | 04 | 06 0.6 07 | 03| 04 | 04 | 05 |MA
48MHz | 17.0 | 186 | 19.0 | 194 | 31| 35 | 36 | 3.7

HSE bypass,
PLL on

Supply current in Sleep mode

HSIclock, Foommz [ 114 | 127 | 130 | 132 | 23 | 25 | 26 | 27
PLL on
24MHz | 87 | 99 | 101 | 102 | 18 | 20 | 21 2.2
HSI clock,
BLLoff | | 8MHz | 30 | 33 3.5 38 | 08| 09 | 10 | 1.1
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Caution:

3

trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

I/O dynamic current consumption

In addition to the internal peripheral current consumption measured previously (see

Table 35: Peripheral current consumption), the 1/0s used by an application also contribute
to the current consumption. When an 1/O pin switches, it uses the current from the 1/0O
supply voltage to supply the I/O pin circuitry and to charge/discharge the capacitive load
(internal or external) connected to the pin:

lsw = Vbpiox X fswx C

where
Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vppiox is the 1/0 supply voltage
fsw is the /O switching frequency
C is the total capacitance seen by the I/O pin: C = Ciy1 + Cgxt + Csg
Cg is the PCB board capacitance including the pad pin.

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
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Note:

3

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

The high-speed external (HSE) clock can be supplied with a 4 to 32 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on design
simulation 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_iIn | Oscillator frequency - 4 8 32 MHz
Re Feedback resistor - - 200 - kQ
During startup(®) - - 8.5

VDD =3.3 V,
Rm =30 Q, - 0.4 -
CL = 10 pF@8 MHz

VDD =3.3 V,
Rm =45 Q, - 0.5 -
CL = 10 pF@8 MHz

Ibp HSE current consumption Vpp =33V, mA
Rm =30 Q, - 0.8 -

CL = 5 pF@32 MHz

VDD =3.3 V,
Rm =30 Q, - 1 -
CL = 10 pF@32 MHz

VDD =3.3 V,
Rm =30 Q, - 1.5 -
CL = 20 pF@32 MHz

Im Oscillator transconductance Startup 10 - - mA/NV

tSU(HSE)(4) Startup time Vpp is stabilized - 2 - ms

Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Guaranteed by design, not tested in production.

This consumption level occurs during the first 2/3 of the tgy(Hsg) startup time

PN~

tsu(usk) 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 20 pF range (Typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 17). C, 4 and C| 5 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 CLZ'

For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.
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Electrical characteristics STM32F091xB STM32F091xC

Figure 17. Typical application with an 8 MHz crystal
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1. Rgxt value depends on the crystal characteristics.

Low-speed external clock generated from a crystal resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator
oscillator. All the information given in this paragraph are based on design simulation results
obtained with typical external components specified in Table 40. 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 40. LSE oscillator characteristics (f sg = 32.768 kHz)

Symbol Parameter Conditions® Min@ | Typ | Max@ | unit
low drive capability - 0.5 0.9
medium-low drive capability - - 1
Ibp LSE current consumption MA
medium-high drive capability - - 1.3
high drive capability - - 1.6
low drive capability 5 - -
g Oscillator medium-low drive capability 8 - - LAV
m transconductance medium-high drive capability 15 - -
high drive capability 25 - -
tSU(LSE)(3) Startup time VDD|OX is stabilized - 2 - S

1. Refer to the note and caution paragraphs below the table, and to the application note AN2867 “Oscillator design guide for
ST microcontrollers”.

Guaranteed by design, not tested in production.

tsu(Lsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768 kHz oscillation is
reached. This value is measured for a standard crystal and it can vary significantly with the crystal manufacturer
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Electrical characteristics STM32F091xB STM32F091xC

High-speed internal (HSI) RC oscillator

Table 41. HSI oscillator characteristics(

Symbol Parameter Conditions Min Typ Max Unit
fusi Frequency - - 8 - MHz
TRIM HSI user trimming step - - - 1) %
DuCy(Hsiy |Duty cycle - 45) - 55(2) %
Tp=-40t0 105°C | -2.80) - 3.8
Ta =-10to 85°C -1.9) - 2.30)
Accuracy of the HSI TA=01t085°C -1.93) - 20
ACChsi | oscillator T.=0t070°C 130 i 20) %
A
T =010 55°C -10) - 20)
Tp = 25°C*) -1 - 1
tsu(Hsl) HSI oscillator startup time - 1@ - 2(2) us

Vppa = 3.3V, Ty = -40 to 105°C unless otherwise specified.
Guaranteed by design, not tested in production.

Data based on characterization results, not tested in production.

Ll .

Factory calibrated, parts not soldered.

Figure 19. HSI oscillator accuracy characterization results for soldered parts
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High-speed internal 14 MHz (HSI14) RC oscillator (dedicated to ADC)

Table 42. HSI14 oscillator characteristics®

Symbol Parameter Conditions Min Typ Max | Unit
fusi14 Frequency - - 14 - MHz
TRIM HSI14 user-trimming step - - - 1@ %

DuCy(nsi14) | Duty cycle - 450) - 55@) | %
To=-40t0105°C | —-4.20) | - | 510) | o

ACCiisiia Accuracy of the HSI14 TA=-10t085°C |-320)| - 3160 1 %
oscillator (factory calibrated) To=0t070°C _2.5(3) _ 2.3() %

Tp=25°C -1 - 1 %

tsusiia) | HSI14 oscillator startup time - 1) - 2@ | pus
IDDA(HSI14) ?f:;:rr?;ﬁgl: for power - - 100 | 150 | pA

1. Vppa =3.3V, Ty =—-40 to 105 °C unless otherwise specified.
2. Guaranteed by design, not tested in production.

3. Data based on characterization results, not tested in production.

Figure 20. HSI14 oscillator accuracy characterization results

5% 4 e \AX

4% \ e MIN

3% \

2% \

N \ , M

N~—
0% , , , i , . . TAl’Cl
-40 -20 0 20 40 60 80 100 120

-1%
. / \
- 3% / \\

4% \‘I-

5%

MS30986V2
‘Yl DoclD026284 Rev 4 73/128




Electrical characteristics

STM32F091xB STM32F091xC

Table 50. ESD absolute maximum ratings

Symbol Ratings Conditions Packages | Class Mvi(l:g?lgn Unit
Electrostatic discharge voltage | Ty = +25 °C, conforming
VESD(HBM) | (human body model) t0 JESD22-A114 Al 2 2000 v
WLCSP64,
Vv Electrostatic discharge voltage | Tp= +25 °C, conforming || QFP100 c3 250 Vv
ESD(CDM) | (charge device model) to ANSI/ESD STM5.3.1
All others C4 500
1. Data based on characterization results, not tested in production.
Static latch-up
Two complementary static tests are required on six parts to assess the latch-up
performance:
e A supply overvoltage is applied to each power supply pin.
e A current injection is applied to each input, output and configurable 1/O pin.
These tests are compliant with EIA/JJESD 78A IC latch-up standard.
Table 51. Electrical sensitivities
Symbol Parameter Conditions Class
LU Static latch-up class Tp = +105 °C conforming to JESD78A Il level A

6.3.13

78/128

I/O current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp ox (for standard, 3.3 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 susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0O pins programmed in floating input mode. While current is injected into
the 1/O 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 (higher
than 5 LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out
of the -5 pyA/+0 pA range) or other functional failure (for example reset occurrence or
oscillator frequency deviation).

The characterization results are given in Table 52.

Negative induced leakage current is caused by negative injection and positive induced
leakage current is caused by positive injection.

3
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Electrical characteristics STM32F091xB STM32F091xC

Table 53. 1/O static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
Weak pull-up
Rpy (%c)wivalent resistor |V|y=Vss 25 40 55 kQ

Weak pull-down

RPD equivalent VIN =- VDDIOX 25 40 55 kQ
resistor(3)

Cio | /O pin capacitance - - 5

Data based on design simulation only. Not tested in production.

The leakage could be higher than the maximum value, if negative current is injected on adjacent pins. Refer to Table 52:
1/0O current injection susceptibility.

Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
PMOS/NMOS contribution to the series resistance is minimal (~10% order).

All I/Os are CMOS- and TTL-compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters. The
coverage of these requirements is shown in Figure 22 for standard 1/0Os, and in Figure 23 for

5 V-tolerant I/Os. The following curves are design simulation results, not tested in
production.

3
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Figure 22. TC and TTa I/O input characteristics

TTL standard requirement )

1.6 1.8 2.0 22 24 2.6 2.8 3.0 3.2 3.4 3.6

Vooiox (V)
MSv32130V4

Figure 23. Five volt tolerant (FT and FTf) I/O input characteristics

TTL standard requirement

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6
VDDIOX (V)
MSv32131V4
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2. ADC Accuracy vs. Negative Injection Current: Injecting negative current on any of the standard (non-robust) 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 standard analog pins which may potentially inject
negative current.

Any positive injection current within the limits specified for Ijyypin) and Zlinyeiny in Section 6.3.14 does not affect the ADC

accuracy.

3. Better performance may be achieved in restricted Vppa, frequency and temperature ranges.

4. Data based on characterization results, not tested in production.

Figure 26. ADC accuracy characteristics

Vesa ' (1) Example of an actual transfer curve
4095 7 ! (2) The ideal transfer curve
4094 — ! (3) End point correlation line
4093 — :
! ET = Total Unajusted Error: maximum deviation
= ' between the actual and ideal transfer curves.
: Eo = Offset Error: maximum deviation
74 | between the first actual transition and the first
6 — ' ideal one.
5 : EG = Gain Error: deviation between the last
N ' ideal transition and the last actual one.
4 : Ep = Differential Linearity Error: maximum
3 . deviation between actual steps and the ideal ones.
) ' EL = Integral Linearity Error: maximum deviation
] : between any actual transition and the end point
T | correlation line.
| -
0 / I VDDA
2 3 4 5 6 7 4093 4094 4095 4096
MS19880V2
Figure 27. Typical connection diagram using the ADC
VDDA
Sample and hold ADC
\
converter
Ran(M
AIN AINX WC 12-bit
IL+1 pA converter
Cparasitic @) \% —
I mmmm CADC
MS33900V2
1. Refer to Table 57: ADC characteristics for the values of Ry, Rapc @and Capc-
2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 7 pF). A high Cparasmc value will downgrade conversion accuracy. To remedy
this, fapc should be reduced.
General PCB design guidelines
Power supply decoupling should be performed as shown in Figure 13: Power supply
scheme. The 10 nF capacitor should be ceramic (good quality) and it should be placed as
close as possible to the chip.
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6.3.19 Temperature sensor characteristics

Table 62. TS characteristics

Symbol Parameter Min Typ Max Unit
.M Vsense linearity with temperature - 1 2 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
V3o Voltage at 30 °C ( 5 °C)® 1.34 1.43 1.52 Y,
tstart") | ADC_IN16 buffer startup time - - 10 us
ts temp(1) fDC sampling time when reading the 4 ) ) us
— emperature

1. Guaranteed by design, not tested in production.

2. Measured at Vppa = 3.3 V £ 10 mV. The V33 ADC conversion result is stored in the TS_CAL1 byte. Refer to Table 3:
Temperature sensor calibration values.

6.3.20 VgaT Monitoring characteristics

Table 63. Vgt monitoring characteristics

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 2 x50 - kQ
Q Ratio on Vgar measurement - 2 - -
Er() Erroron Q —1 - +1 %
ts_\,bat“) ADC sampling time when reading the Vgt 4 - - us

1. Guaranteed by design, not tested in production.

6.3.21 Timer characteristics

The parameters given in the following tables are guaranteed by design.

Refer to Section 6.3.14: /O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 64. TIMx characteristics

Symbol Parameter Conditions Min Typ Max Unit
, o - - 1 - trimMxcLk
tresmM) Timer resolution time
leMXCLK =48 MHz - 20.8 - ns
Timer external clock - - frimxcLk/2 - MHz
fexT frequency on CH1 to
CH4 leMXCLK =48 MHz - 24 - MHz
16-bit timer maximum - - 216 - trimxcLK
period frivecLk = 48 MHz | - 1365 - us
tmax_count ”
32-bit counter - - 2 - trimxcLk
maximum period fT|MXCLK =48 MHz - 89.48 - S

3

DoclD026284 Rev 4 93/128




Electrical characteristics STM32F091xB STM32F091xC

Table 69. I2S characteristics® (continued)

Symbol Parameter Conditions Min Max Unit
tsusp_MR Master receiver 6 .
Su(SD_MR) Data input setup time
tsu(sb_sR) Slave receiver 2 .
thsp_mRr)"® Master receiver 4 .
(5D )2 Data input hold time
th(SD_SR)( ) Slave receiver 0.5 - .
tysp_vm® Master transmitter - 4
= Data output valid time
tysp_sm)® Slave transmitter - 20
thsp_mT Master transmitter 0 -
(SD_MT) Data output hold time
thisp_sT) Slave transmitter 13 .

Data based on design simulation and/or characterization results, not tested in production.

2. Depends on fpc k. For example, if fpc k = 8 MHz, then Tpg k = 1/fp oLk = 125 ns.

Figure 31. 1S slave timing diagram (Philips protocol)

CK Input

o=t N\ /W /)

tw(CKH) —t——»ie——»i- tw(CKL) th(WS)
WS input i i E :E‘/T/;
tsu(WSs) ,._._ tv(SD_ST) st th(SD_ST)
SDtransmit >< LSB transmit(2) >< MSB transmit Bitn_t;a_r;s_r;i_t I

tsu(SD_SR) L L th(SD_SR)
SDreceive >< LSB receive(2) 1 MSB receive Bitn receive X LSB receive

MSv39721V1

1. Measurement points are done at CMOS levels: 0.3 x Vppox and 0.7 x Vppox-

2. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.

3
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Table 75. WLCSP64 package mechanical data (continued)

millimeters inches®
Symbol
Min Typ Max Min Typ Max
b®?) 0.220 0.250 0.280 0.0087 0.0098 0.0110
3.312 3.347 3.382 0.1304 0.1318 0.1331

E 3.550 3.585 3.620 0.1398 0.1411 0.1425

e - 0.400 - - 0.0157 -
e1 - 2.800 - - 0.1102 -
e2 - 2.800 - - 0.1102 -

F - 0.2735 - - 0.0108 -

G - 0.3925 - - 0.0155 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 43. Recommended footprint for WLCSP64 package

Dpad

Dsm

MS18965V2

Table 76. WLCSP64 recommended PCB design rules

Dimension Recommended values
Pitch 0.4
260 pm max. (circular)
Dpad
220 ym recommended
Dsm 300 pym min. (for 260 uym diameter pad)
PCB pad design Non-solder mask defined via underbump allowed.
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Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

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

Figure 44. WLCSP64 package marking example

Dot —_
STM32F
Product )/
identification
091LRCYR

Date code

Revision code
v| ww |Re{

MS35564V1

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.

3
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Table 78. LQFP48 package mechanical data

millimeters inches®
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835

D3 - 5.500 - - 0.2165 -
E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835

E3 - 5.500 - - 0.2165 -

e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031

1.

Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 49. Recommended footprint for LQFP48 package
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1. Dimensions are expressed in millimeters.
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