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Description STM32F091xB STM32F091xC
Figure 1. Block diagram
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STM32F091xB STM32F091xC Functional overview

3

3.1

3.2

3.3

3

Functional overview

Figure 1 shows the general block diagram of the STM32F091xB/xC devices.

ARM®-Cortex®-MO core

The ARM® Cortex®-M0 is a generation of ARM 32-bit RISC processors for embedded
systems. It has been developed to provide a low-cost platform that meets the needs of MCU
implementation, with a reduced pin count and low-power consumption, while delivering
outstanding computational performance and an advanced system response to interrupts.

The ARM® Cortex®-M0 processors feature exceptional code-efficiency, delivering the high
performance expected from an ARM core, with memory sizes usually associated with 8- and
16-bit devices.

The STM32F091xB/xC devices embed ARM core and are compatible with all ARM tools
and software.

Memories

The device has the following features:

e 32 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed with 0 wait
states and featuring embedded parity checking with exception generation for fail-critical
applications.

e  The non-volatile memory is divided into two arrays:
— up to 256 Kbytes of embedded Flash memory for programs and data
—  Option bytes
The option bytes are used to write-protect the memory (with 4 KB granularity) and/or
readout-protect the whole memory with the following options:

— Level 0: no readout protection

—  Level 1: memory readout protection, the Flash memory cannot be read from or
written to if either debug features are connected or boot in RAM is selected

—  Level 2: chip readout protection, debug features (Cortex®—M0 serial wire) and
boot in RAM selection disabled

Boot modes

At startup, the boot pin and boot selector option bits are used to select one of the three boot
options:

e  boot from User Flash memory

e  boot from System Memory

e  boot from embedded SRAM

The boot pin is shared with the standard GPIO and can be disabled through the boot
selector option bits. The boot loader is located in System Memory. It is used to reprogram

the Flash memory by using USART on pins PA14/PA15 or PA9/PA10 or I°C on pins
PB6/PB7.
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3.14.3

3.14.4

3.14.5

3.14.6

3.15

3

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
withTIM1 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.

Their counters can be frozen in debug mode.

Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger generation. They can also be used as generic
16-bit time bases.

Independent watchdog (IWDG)

The independent watchdog is based on an 8-bit prescaler and 12-bit downcounter with
user-defined refresh window. 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 either as a watchdog to reset the device when a problem occurs, or as a free
running timer for application timeout management. It is hardware or software configurable
through the option bytes. The counter can be frozen in debug mode.

System window watchdog (WWDG)

The system 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 APB clock (PCLK). It has an early warning interrupt capability and the
counter can be frozen in debug mode.

SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard
down counter. It features:

e  a 24-bit down counter

e autoreload capability

e maskable system interrupt generation when the counter reaches 0

e programmable clock source (HCLK or HCLK/8)

Real-time clock (RTC) and backup registers

The RTC and the five backup registers are supplied through a switch that takes power either
on Vpp supply when present or through the Vgt pin. The backup registers are five 32-bit
registers used to store 20 bytes of user application data when Vpp power is not present.
They are not reset by a system or power reset, or at wake up from Standby mode.
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Pinouts and pin descriptions STM32F091xB STM32F091xC

Figure 5. UFBGAG64 package pinout
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STM32F091xB STM32F091xC Pinouts and pin descriptions

Figure 6. LQFP64 package pinout
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Pinouts and pin descriptions

Table 13. STM32F091xB/xC pin definitions (continued)

Pin numbers

Pin functions

0
3 o
o § Pin name g 5 0
< <
5 § |38 o (function upon | 2 § % Additional
a o |a |y t £l o |2 Alternate functions ilona
QL lm |8 |02 reset) a functions
@ lolc |92 Q
S |7 ]°> =N -
LL
(@4
—
EVENTOUT,
NI IRT-T  I PF2 Vo | FT USART7_TX, WKUPS8
USART7_CK_RTS
K1 |20 |F1|12|G8| 8 VSSA - Analog ground
M1 |21 |H1 |13 |H8| 9 VDDA - Analog power supply
EVENTOUT,
L1 |22 | - - - - PF3 /O | FT USART7_RX,
USART6_CK_RTS
USART2_CTS,
TIM2_CH1_ETR, RT\(/:V—KLAE,'\:'PZ’
L2 |23 | G2 |14 | F7 | 10 PAO /1O | TTa TSC_G1_101, ADC |Nd
USART4_TX COMP1_INM6
COMP1_OUT
USART2_RTS,
TIM2_CH2,
TIM15_CH1N, ADC_IN1,
M2 |24 |H2| 15| F6 | 11 PA1 /10| TTa TSC_G1 102, COMP1_INP
USART4_RX,
EVENTOUT
USART2_TX, TIM2_CH3,
TIM15_CH1, ADC_IN2,
K3 |25 | F3 |16 | E5 | 12 PA2 /10 | TTa TSC G1 103 WKUP4,
P COMP2_INM6
COMP2_OUT
USART2_RX,TIM2_CH4, ADC IN3
L3 |26 |G3| 17 | H7 | 13 PA3 /O | TTa TIM15_CH2, COMP2 IN’P
TSC_G1_104 —
D3 |27 |C2| 18 |G7 | - VSS - Ground
H3 | 28 |D2| 19 |G6 | - VDD - Digital power supply
SPI1_NSS, 12S1_WS, COMP1_INMA4,
TIM14_CH1, COMP2_INM4
M3 |29 |H3| 20 | H6 | 14 PA4 /10 | TTa TSC_G2 101, ADC IN4 ’
USART2_CK, DAC 6UT,1
USART6_TX -
SPI‘I_S%KE,(l:2S1_CK, COMP1_INMS,
’ COMP2_INM5,
K4 |30 | F4 |21 | F5 | 15 PA5 /O | TTa TIM2_CH1_ETR, ADC IN5
TSC_G2 102, DAC bUT,Z
USART6_RX -
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Pinouts and pin descriptions STM32F091xB STM32F091xC

Table 13. STM32F091xB/xC pin definitions (continued)

Pin numbers Pin functions
[ee]
< )
o § Pin name g 5 0
2 g 5 8 % 8 (fUﬂCtIOHtUpon E % § Alternate functions Additional
@ G| R o S % resey 1o functions
% | =) — = E =
L
(@4
—
SPI1_MISO, 1281_MCK,
TIM3_CH1, TIM1_BKIN,
TIM16_CHA1,
L4 | 31| G4 |22 |G5]| 16 PA6 /10 | TTa COMP1_OUT, ADC_IN6
TSC_G2_103,
EVENTOUT,
USART3_CTS
SPI1_MOSI, 12S1_8SD,
TIM3_CH2, TIM14_CH1,
TIM1_CH1N, TIM17_CH1,
M4 | 32 |H4 | 23 | E4 | 17 PA7 /0| TTa COMP2_OUT, ADC_IN7
TSC_G2_104,
EVENTOUT
K5 |33 | H5| 24 |H5 | - PC4 /O | TTa EVENTOUT, USART3_TX ADC_IN14
TSC_G3_101, ADC_IN15,
L5 |34 |H6 | 25 | F4 | - PC5 /O | TTa USART3_RX WKUP5
TIM3_CH3, TIM1_CH2N,
TSC_G3_102,
M5 | 35| F5| 26 | G4 | 18 PBO /O | TTa EVENTOUT, ADC_IN8
USART3_CK
TIM3_CH4,
USART3_RTS,
M6 | 36 | G5 | 27 | F3 | 19 PB1 /10 | TTa TIM14_CH1, TIM1_CH3N, ADC_IN9
TSC_G3_103
L6 | 37 | G6 | 28 | H4 | 20 PB2 /10| FT TSC_G3 104 -
TIM1_ETR,
M7 | 38 | - - - - PE7 /10| FT USART5_CK_RTS -
TIM1_CH1N,
L7 [ 39| - - - - PE8 10| FT USART4_TX -
M8 | 40 | - - - - PE9 /1O | FT TIM1_CH1, USART4_RX -
TIM1_CH2N,
L8 | 41 - - - - PE10 10| FT USART5_TX -
M9 | 42 | - - - - PE11 /10| FT TIM1_CH2, USART5_RX -
SPI1_NSS, 12S1_WS,
L9 |43 | - - - - PE12 10| FT TIM1_CH3N -
SPI1_SCK, 1281_CK,
M10 | 44 | - - - - PE13 10| FT TIM1_CH3 -
36/128 DoclD026284 Rev 4 ‘Yl




STM32F091xB STM32F091xC

Table 18. Alternate functions selected through GPIOE_AFR registers for port E

Pin name AFO AF1
PEO TIM16_CH1 EVENTOUT
PE1 TIM17_CH1 EVENTOUT
PE2 TIM3_ETR TSC_G7_l01
PE3 TIM3_CH1 TSC_G7_102
PE4 TIM3_CH2 TSC_G7_103
PE5 TIM3_CH3 TSC_G7_104
PE6 TIM3_CH4 -
PE7 TIM1_ETR USART5_CK_RTS
PE8 TIM1_CH1N USART4_TX
PE9 TIM1_CHA1 USART4_RX
PE10 TIM1_CH2N USART5_TX
PE11 TIM1_CH2 USART5_RX
PE12 TIM1_CH3N SPI1_NSS, 1281_WS
PE13 TIM1_CH3 SPI1_SCK, 1281_CK
PE14 TIM1_CH4 SPI1_MISO, 1281_MCK
PE15 TIM1_BKIN SPI1_MOSI, 12S1_SD

Table 19. Alternate functions selected through GPIOF_AFR registers for port F

nz.ir:e AFO AF1 AF2

PFO CRS_SYNC 12C1_SDA -

PF1 - 12C1_SCL -

PF2 EVENTOUT USART7_TX USART7_CK_RTS
PF3 EVENTOUT USART7_RX USART6_CK_RTS
PF6 - - -

PF9 TIM15_CH1 USART6_TX -

PF10 TIM15_CH2 USART6_RX -

44/128
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Electrical characteristics

STM32F091xB STM32F091xC

6.2

52/128

Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 21: Voltage characteristics,
Table 22: Current characteristics and Table 23: 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 21. Voltage characteristics(?)

Symbol Ratings Min Max Unit
Vpp—Vss | External main supply voltage -0.3 4.0 \
Vopio2—Vss | External I/O supply voltage -0.3 4.0 \
Vppa—Vss | External analog supply voltage -03 4.0 \Y
Vop—Vppa | Allowed voltage difference for Vpp > Vppa - 0.4 \Y
Vgar—Vss |External backup supply voltage -0.3 4.0 \Y
Input voltage on FT and FTf pins Vgs-0.3 Vopiox + 4.0®) | v
Vin®@ Input voltage on TTa pins Vgs-0.3 4.0 \
Input voltage on any other pin Vgs-0.3 4.0 \Y,

[AVppyl Variations between different Vpp power pins - 50 mV

Vssy - Vsl :)/iir;ations between all the different ground ) 50 mv
Vesoiam) (Ehlsg:;onst;;ig discharge voltage see St_aqtion 6.3.12: _Elt_actrical )

y model) sensitivity characteristics

1. All main power (Vpp, Vppa) and ground (Vgs, Vssa) pins must always be connected to the external power
supply, in the permitted range.

V|n maximum must always be respected. Refer to for the maximum allowed injected current values.

3. Valid only if the internal pull-up/pull-down resistors are disabled. If internal pull-up or pull-down resistor is
enabled, the maximum limit is 4 V.

DoclD026284 Rev 4
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STM32F091xB STM32F091xC Electrical characteristics

3

Typical and maximum current consumption

The MCU is placed under the following conditions:
e Al l/O pins are in analog input mode
e All peripherals are disabled except when explicitly mentioned
e  The Flash memory access time is adjusted to the fc  frequency:
— 0 wait state and Prefetch OFF from 0 to 24 MHz
— 1 wait state and Prefetch ON above 24 MHz
e  When the peripherals are enabled fpc| k = foLk
The parameters given in Table 29 to Table 32 are derived from tests performed under

ambient temperature and supply voltage conditions summarized in Table 24: General
operating conditions.
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STM32F091xB STM32F091xC Electrical characteristics

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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Electrical characteristics

6.3.6 Wakeup time from low-power mode
The wakeup times given in Table 36 are the latency between the event and the execution of
the first user instruction. The device goes in low-power mode after the WFE (Wait For
Event) instruction, in the case of a WFI (Wait For Interruption) instruction, 16 CPU cycles
must be added to the following timings due to the interrupt latency in the Cortex MO
architecture.
The SYSCLK clock source setting is kept unchanged after wakeup from Sleep mode.
During wakeup from Stop or Standby mode, SYSCLK takes the default setting: HSI 8 MHz.
The wakeup source from Sleep and Stop mode is an EXTI line configured in event mode.
The wakeup source from Standby mode is the WKUP1 pin (PAO).
All timings are derived from tests performed under the ambient temperature and supply
voltage conditions summarized in Table 24: General operating conditions.
Table 36. Low-power mode wakeup timings
Typ @VDD = VDDA
Symbol Parameter Conditions Max | Unit
=20V|=24V|=27V| =3V | =33V
Regulatorinrun | 35 | 31 | 290 | 29 | 28 | 5
¢ Wakeup from Stop
WUSTOP | mode ,
Regulator in low 70 | 58 | 52 | 49 | 46 | 9
power mode
us
Wakeup from
tWUSTANDBY | gtan dbs mode 604 | 556 | 53.5 52 51 -
tWUSLEEP \r{nvggzlJp from Sleep 4 SYSCLK CyC|eS -
6.3.7 External clock source characteristics

3

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard GPIO.

The external clock signal has to respect the I/O characteristics in Section 6.3.14. However,
the recommended clock input waveform is shown in Figure 15: High-speed external clock

source AC timing diagram.

Table 37. High-speed external user clock characteristics

Symbol Parameter(® Min Typ Max Unit
fhse_ext | User external clock source frequency - 8 32 MHz
Vusen | OSC_IN input pin high level voltage 0.7 Vppiox - Vppiox v
Vuser | OSC_IN input pin low level voltage Vss - 0.3 Vppiox
W(HSEH) | OSC_IN high or low time 15 ; -
tw(HsEL) s
t(HSE) OSC_|IN rise or fall time - - 20
tiHsE)
DoclD026284 Rev 4 67/128




STM32F091xB STM32F091xC Electrical characteristics

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
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Electrical characteristics STM32F091xB STM32F091xC

High-speed internal 48 MHz (HSI48) RC oscillator

Table 43. HSI48 oscillator characteristics®

Symbol Parameter Conditions Min Typ Max Unit
fHsias Frequency - - 48 - MHz
TRIM | HSI48 user-trimming step - 0.09@ | 014 | 02@ | %

DuCypsias) | Duty cycle - 45@) - 55(2) %
Ta=—401to 105 °C | -4.9C) - 470 | %

MGy | AcCURaCY Of the HSIA Ta=-10to85°C | 41® | - | 370 | %
oscillator (factory calibrated) To=0t070°C -3.84 R 3.4 %

Tp=25°C -2.8 - 29 %

tsuHsias) | HS148 oscillator startup time - - - 6() us
IDDA(HSI48) ?ﬂgﬁ,ﬁiﬁyf for power - - 312 | 350 | pA

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

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

Figure 21. HSI48 oscillator accuracy characterization results
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Electrical characteristics STM32F091xB STM32F091xC

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +/-8 mA, and sink or
source up to +/- 20 mA (with a relaxed Vo /Vop)-

In the user application, the number of I/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2:

e The sum of the currents sourced by all the I/Os on Vpp oy, plus the maximum
consumption of the MCU sourced on Vpp, cannot exceed the absolute maximum rating
Zlypp (see Table 21: Voltage characteristics).

e  The sum of the currents sunk by all the I/Os on Vgg, plus the maximum consumption of
the MCU sunk on Vgg, cannot exceed the absolute maximum rating =lygg (see
Table 21: Voltage characteristics).

Output voltage levels

Unless otherwise specified, the parameters given in the table below are derived from tests
performed under the ambient temperature and supply voltage conditions summarized in
Table 24: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT, TTa or
TC unless otherwise specified).

Table 54. Output voltage characteristics(?)

Symbol Parameter Conditions Min Max | Unit
VoL Output low level voltage for an I/O pin CMOS port(z) - 0.4
“lOl =8 mA Vv
Vou Output high level voltage for an 1/O pin Vbpiox 2 2.7 V Vppiox—0-4 -
VoL Output low level voltage for an 1/0 pin TTL port® - 0.4
ol =8 mA \Y
VoH Output high level voltage for an 1/O pin Vppiox 22.7 V 24 -
@) i -
VoL Output low level voltage for an I/O pin lliol = 20 mA 1.3 v
Vou® | Output high level voltage for an I/O pin Vbpiox 22.7 V Vopiox—1-3 -
Vo ® | Output low level voltage for an I/0 pin ol = 6 mA - 0.4 v
Vou® | Output high level voltage for an I/0 pin Vopiox 22V Vppiox—0-4 -
VOL(4) Output low level voltage for an I/O pin ol - 0.4 \Y
||O =4 mA
VOH(4) Output high level voltage for an 1/O pin Vppiox—0-4 - \Y
||IO| =20 mA
Vv @3) | Output low level voltage for an FTf I/O pin in Vpbpiox 2 2.7 V - 0.4 v
OLFm*" " | Fm+ mode
|I|O| =10 mA - 04 V

1. The l,p current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 21:
Voltage characteristics, and the sum of the currents sourced or sunk by all the 1/Os (I/O ports and control pins) must always
respect the absolute maximum ratings ZI|O.

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

Data based on characterization results. Not tested in production.

4. Data based on characterization results. Not tested in production.
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STM32F091xB STM32F091xC Package information

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.
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STM32F091xB STM32F091xC

Package information

Table 77. LQFP64 package mechanical data (continued)

3

millimeters inches®
Symbol
Min Typ Max Min Typ Max
E3 - 7.500 - - 0.2953 -
- 0.500 - - 0.0197 -
K 0° 3.5° 7° 0° 3.5° 7°
0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
cce - - 0.080 - - 0.0031
. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 46. Recommended footprint for LQFP64 package
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Package information STM32F091xB STM32F091xC

7.7 UFQFPN48 package information
UFQFPNA48 is a 48-lead, 7x7 mm, 0.5 mm pitch, ultra-thin fine-pitch quad flat package.

Figure 51. UFQFPNA48 package outline

Pin 1 identifier
laser marking area

4
<«

% 2 X
4

v

A
E E| 19
T¢ O ¥y ¥ Seating
ol ddd | KA1 Pene
v VY e b
Detail Y
- D -
- Y
Exposed pad D2

area | g
<

v

C 0.500x45°

pin1 corner R 0.125 typ.

Detail Z

AOB9_ME_V3

Drawing is not to scale.
2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

There is an exposed die pad on the underside of the UFQFPN package. It is recommended to connect and
solder this back-side pad to PCB ground.
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Device marking

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

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

Figure 53. UFQFPNA48 package marking example

Product identification (!
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\A. O |E|<// Revision code
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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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