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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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2.2 Full compatibility throughout the family

The STM32F103xF/G is a complete family whose members are fully pin-to-pin, software 
and feature compatible. In the reference manual, the STM32F103x4 and STM32F103x6 are 
identified as low-density devices, the STM32F103x8 and STM32F103xB are referred to as 
medium-density devices, the STM32F103xF, STM32F103xD and STM32F103xG are 
referred to as high-density devices and the STM32F103xF and STM32F103xG are called 
XL-density devices.

Low-density, high-density and XL-density devices are an extension of the STM32F103x8/B 
medium-density devices, they are specified in the STM32F103x4/6, STM32F103xC/D/E 
and STM32F103xF/G datasheets, respectively. Low-density devices feature lower Flash 
memory and RAM capacities, less timers and peripherals. High-density devices have higher 
Flash memory and RAM capacities, and additional peripherals like SDIO, FSMC, I2S and 
DAC. XL-density devices bring even more Flash and RAM memory, and extra features, 
namely an MPU, a greater number of timers and a dual bank Flash structure while 
remaining fully compatible with the other members of the family.

The STM32F103x4, STM32F103x6, STM32F103xF, STM32F103xD, STM32F103xG, 
STM32F103xF and STM32F103xG are a drop-in replacement for the STM32F103x8/B 
devices, allowing the user to try different memory densities and providing a greater degree 
of freedom during the development cycle.

Moreover, the STM32F103xx performance line family is fully compatible with all existing 
STM32F101xx access line and STM32F102xx USB access line devices.

          

Table 3. STM32F103xx family

Pinout

Low-density 
devices

Medium-density 
devices

High-density devices XL-density devices

16 KB 
Flash

32 KB 
Flash(1)

64 KB 
Flash

128 KB 
Flash

256 KB 
Flash

384 KB 
Flash

512 KB 
Flash

768 KB Flash 1 MB Flash

6 KB 
RAM

10 KB 
RAM

20 KB 
RAM

20 KB 
RAM

48 or 
64 KB(2) 

RAM

64 KB 
RAM

64 KB 
RAM

96 KB RAM 96 KB RAM

144
5 × USARTs 
4 × 16-bit timers, 
2 × basic timers 
3 × SPIs, 2 × I2Ss, 2 × I2Cs 
USB, CAN, 2 × PWM timers 
3 × ADCs, 2 × DACs, 
1 × SDIO 
FSMC (100- and 144-pin 
packages(3))

5 × USARTs 
10 × 16-bit timers, 
2 × basic timers 
3 × SPIs, 2 × I2Ss, 2 × I2Cs 
USB, CAN, 2 × PWM timers 
3 × ADCs, 2 × DACs, 1 × 
SDIO, Cortex-M3 with MPU 
FSMC (100- and 144-pin 
packages(4)), dual bank Flash 
memory

100

3 × USARTs 
3 × 16-bit timers 
2 × SPIs, 2 × I2Cs, 
USB, CAN, 
1 × PWM timer 
2 × ADCs

64
2 × USARTs 
2 × 16-bit timers 
1 × SPI, 1 × I2C, 
USB, CAN, 
1 × PWM timer 
2 × ADCs

48

36

1. For orderable part numbers that do not show the A internal code after the temperature range code (6 or 7), the reference 
datasheet for electrical characteristics is that of the STM32F103x8/B medium-density devices.

2. 64 KB RAM for 256 KB Flash are available on devices delivered in CSP packages only.

3. Ports F and G are not available in devices delivered in 100-pin packages. 

4. Ports F and G are not available in devices delivered in 100-pin packages. 
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Basic timers TIM6 and TIM7

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

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 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.

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 to real-time operating systems, 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.

• Programmable clock source 

2.3.19 I²C bus

Up to two I²C bus interfaces can operate in multimaster and slave modes. They can support 
standard and fast modes. 

They support 7/10-bit addressing mode and 7-bit dual addressing mode (as slave). A 
hardware CRC generation/verification is embedded.

They can be served by DMA and they support SMBus 2.0/PMBus.

2.3.20 Universal synchronous/asynchronous receiver transmitters (USARTs)

The STM32F103xF and STM32F103xG performance line embeds three universal 
synchronous/asynchronous receiver transmitters (USART1, USART2 and USART3) and 
two universal asynchronous receiver transmitters (UART4 and UART5).

These five interfaces provide asynchronous communication, IrDA SIR ENDEC support, 
multiprocessor communication mode, single-wire half-duplex communication mode and 
have LIN Master/Slave capability.

The USART1 interface is able to communicate at speeds of up to 4.5 Mbit/s. The other 
available interfaces communicate at up to 2.25 Mbit/s.

USART1, USART2 and USART3 also provide hardware management of the CTS and RTS 
signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication capability. All 
interfaces can be served by the DMA controller except for UART5.
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The I/Os alternate function configuration can be locked if needed following a specific 
sequence in order to avoid spurious writing to the I/Os registers.

2.3.27 ADC (analog to digital converter)

Three 12-bit analog-to-digital converters are embedded into STM32F103xF and 
STM32F103xG performance line devices and each ADC shares up to 21 external channels, 
performing conversions in single-shot or scan modes. In scan mode, automatic conversion 
is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

• Simultaneous sample and hold

• Interleaved sample and hold

• Single shunt

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.

The events generated by the general-purpose timers (TIMx) and the advanced-control 
timers (TIM1 and TIM8) can be internally connected to the ADC start trigger and injection 
trigger, respectively, to allow the application to synchronize A/D conversion and timers.

2.3.28 DAC (digital-to-analog converter)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two 
analog voltage signal outputs. The chosen design structure is composed of integrated 
resistor strings and an amplifier in inverting configuration.

This dual digital Interface supports the following features:

• two DAC converters: one for each output channel

• 8-bit or 12-bit monotonic output

• left or right data alignment in 12-bit mode

• synchronized update capability

• noise-wave generation

• triangular-wave generation

• dual DAC channel independent or simultaneous conversions

• DMA capability for each channel

• external triggers for conversion

• input voltage reference VREF+

Eight DAC trigger inputs are used in the STM32F103xF and STM32F103xG performance 
line family. The DAC channels are triggered through the timer update outputs that are also 
connected to different DMA channels.
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Table 5. STM32F103xF and STM32F103xG pin definitions 

Pins

Pin name

Ty
p

e
(1

)

I 
/ O

 l
ev

e
l(2

)

Main 
function(3) 

(after reset)

Alternate functions(4)

L
F

B
G

A
1

44

L
Q

F
P

64

L
Q

F
P

10
0

L
Q

F
P

14
4

Default Remap

A3 - 1 1 PE2 I/O FT PE2 TRACECK / FSMC_A23 -

A2 - 2 2 PE3 I/O FT PE3 TRACED0 / FSMC_A19 -

B2 - 3 3 PE4 I/O FT PE4 TRACED1/ FSMC_A20 -

B3 - 4 4 PE5 I/O FT PE5 TRACED2/ FSMC_A21 TIM9_CH1

B4 - 5 5 PE6 I/O FT PE6 TRACED3 / FSMC_A22 TIM9_CH2

C2 1 6 6 VBAT S VBAT - -

A1 2 7 7
PC13-TAMPER-

RTC(5) I/O PC13(6) TAMPER-RTC -

B1 3 8 8 PC14-OSC32_IN(5) I/O PC14(6) OSC32_IN -

C1 4 9 9
PC15-

OSC32_OUT(5) I/O PC15(6) OSC32_OUT -

C3 - - 10 PF0 I/O FT PF0 FSMC_A0 -

C4 - - 11 PF1 I/O FT PF1 FSMC_A1 -

D4 - - 12 PF2 I/O FT PF2 FSMC_A2 -

E2 - - 13 PF3 I/O FT PF3 FSMC_A3 -

E3 - - 14 PF4 I/O FT PF4 FSMC_A4 -

E4 - - 15 PF5 I/O FT PF5 FSMC_A5 -

D2 - 10 16 VSS_5 S VSS_5 - -

D3 - 11 17 VDD_5 S VDD_5 - -

F3 - - 18 PF6 I/O PF6 ADC3_IN4 / FSMC_NIORD TIM10_CH1

F2 - - 19 PF7 I/O PF7 ADC3_IN5 / FSMC_NREG TIM11_CH1

G3 - - 20 PF8 I/O PF8 ADC3_IN6 / FSMC_NIOWR TIM13_CH1

G2 - - 21 PF9 I/O PF9 ADC3_IN7 / FSMC_CD TIM14_CH1

G1 - - 22 PF10 I/O PF10 ADC3_IN8 / FSMC_INTR -

D1 5 12 23 OSC_IN I OSC_IN - PD0(7)

E1 6 13 24 OSC_OUT O OSC_OUT - PD1(7)

F1 7 14 25 NRST I/O NRST - -

H1 8 15 26 PC0 I/O PC0 ADC123_IN10 -

H2 9 16 27 PC1 I/O PC1 ADC123_IN11 -
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M12 34 52 74 PB13 I/O FT PB13
SPI2_SCK / I2S2_CK / 

USART3_CTS(7) / TIM1_CH1N 
-

L11 35 53 75 PB14 I/O FT PB14
SPI2_MISO / TIM1_CH2N / 

USART3_RTS(7)/ TIM12_CH1
-

L12 36 54 76 PB15 I/O FT PB15
SPI2_MOSI / I2S2_SD / 

TIM1_CH3N(7) / TIM12_CH2
-

L9 - 55 77 PD8 I/O FT PD8 FSMC_D13 USART3_TX

K9 - 56 78 PD9 I/O FT PD9 FSMC_D14 USART3_RX

J9 - 57 79 PD10 I/O FT PD10 FSMC_D15 USART3_CK

H9 - 58 80 PD11 I/O FT PD11 FSMC_A16 USART3_CTS

L10 - 59 81 PD12 I/O FT PD12 FSMC_A17
TIM4_CH1 / 

USART3_RTS

K10 - 60 82 PD13 I/O FT PD13 FSMC_A18 TIM4_CH2

G8 - - 83 VSS_8 S VSS_8 - -

F8 - - 84 VDD_8 S VDD_8 - -

K11 - 61 85 PD14 I/O FT PD14 FSMC_D0 TIM4_CH3

K12 - 62 86 PD15 I/O FT PD15 FSMC_D1 TIM4_CH4

J12 - - 87 PG2 I/O FT PG2 FSMC_A12 -

J11 - - 88 PG3 I/O FT PG3 FSMC_A13 -

J10 - - 89 PG4 I/O FT PG4 FSMC_A14 -

H12 - - 90 PG5 I/O FT PG5 FSMC_A15 -

H11 - - 91 PG6 I/O FT PG6 FSMC_INT2 -

H10 - - 92 PG7 I/O FT PG7 FSMC_INT3 -

G11 - - 93 PG8 I/O FT PG8 - -

G10 - - 94 VSS_9 S VSS_9 - -

F10 - - 95 VDD_9 S VDD_9 - -

G12 37 63 96 PC6 I/O FT PC6
I2S2_MCK / TIM8_CH1 / 

SDIO_D6
TIM3_CH1

F12 38 64 97 PC7 I/O FT PC7
I2S3_MCK / TIM8_CH2 / 

SDIO_D7
TIM3_CH2

F11 39 65 98 PC8 I/O FT PC8 TIM8_CH3 / SDIO_D0 TIM3_CH3

Table 5. STM32F103xF and STM32F103xG pin definitions (continued)

Pins

Pin name

Ty
p

e(1
)

I /
 O

 le
ve

l(2
)

Main 
function(3) 

(after reset)

Alternate functions(4)

L
F

B
G

A
14

4

L
Q

F
P

64

L
Q

F
P

1
00

L
Q

F
P

1
44

Default Remap
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PD9 D14 D14 D14 DA14 D14 Yes

PD10 D15 D15 D15 DA15 D15 Yes

PD11 - - A16 A16 CLE Yes

PD12 - - A17 A17 ALE Yes

PD13 - - A18 A18 Yes

PD14 D0 D0 D0 DA0 D0 Yes

PD15 D1 D1 D1 DA1 D1 Yes

PG2 - - A12 - - -

PG3 - - A13 - - -

PG4 - - A14 - - -

PG5 - - A15 - - -

PG6 - - - - INT2 -

PG7 - - - - INT3 -

PD0 D2 D2 D2 DA2 D2 Yes

PD1 D3 D3 D3 DA3 D3 Yes

PD3 - - CLK CLK - Yes

PD4 NOE NOE NOE NOE NOE Yes

PD5 NWE NWE NWE NWE NWE Yes

PD6 NWAIT NWAIT NWAIT NWAIT NWAIT Yes

PD7 - - NE1 NE1 NCE2 Yes

PG9 - - NE2 NE2 NCE3 -

PG10 NCE4_1 NCE4_1 NE3 NE3 - -

PG11 NCE4_2 NCE4_2 - - - -

PG12 - - NE4 NE4 - -

PG13 - - A24 A24 - -

PG14 - - A25 A25 - -

PB7 - - NADV NADV - Yes

PE0 - - NBL0 NBL0 - Yes

PE1 - - NBL1 NBL1 - Yes

1. Ports F and G are not available in devices delivered in 100-pin packages.

Table 6. FSMC pin definition (continued)

Pins

FSMC

LQFP100(1)

CF CF/IDE
NOR/PSRAM/

SRAM
NOR/PSRAM Mux NAND 16 bit
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Figure 7. Memory map
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 7: Voltage characteristics, 
Table 8: Current characteristics, and Table 9: 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 7. Voltage characteristics

Symbol Ratings Min Max Unit

VDD–VSS
External main supply voltage (including VDDA 
and VDD)(1)

1. All main power (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to the external power 
supply, in the permitted range.

–0.3 4.0

V

VIN
(2)

2. VIN maximum must always be respected. Refer to Table 8: Current characteristics for the maximum 
allowed injected current values. 

Input voltage on five volt tolerant pin VSS − 0.3 VDD + 4.0 

Input voltage on any other pin VSS − 0.3 4.0

|ΔVDDx| Variations between different VDD power pins - 50
mV

|VSSX − VSS| Variations between all the different ground pins - 50

VESD(HBM)
Electrostatic discharge voltage (human body 
model)

see Section 5.3.12: 
Absolute maximum ratings 
(electrical sensitivity)

Table 8. Current characteristics

Symbol Ratings  Max. Unit

IVDD Total current into VDD/VDDA power lines (source)(1)

1. All main power (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to the external power 
supply, in the permitted range.

150

mA

IVSS Total current out of VSS ground lines (sink)(1) 150

IIO
Output current sunk by any I/O and control pin 25

Output current source by any I/Os and control pin − 25

IINJ(PIN)
(2)

2. Negative injection disturbs the analog performance of the device. See note 3 below Table 65 on page 110.

Injected current on five volt tolerant pins(3)

3. Positive injection is not possible on these I/Os. A negative injection is induced by VIN<VSS. IINJ(PIN) must 
never be exceeded. Refer to Table 7: Voltage characteristics for the maximum allowed input voltage 
values.

-5/+0

Injected current on any other pin(4)

4.  A positive injection is induced by VIN>VDD while a negative injection is induced by VIN<VSS. IINJ(PIN) must 
never be exceeded. Refer to Table 7: Voltage characteristics for the maximum allowed input voltage 
values.

± 5

ΣIINJ(PIN) Total injected current (sum of all I/O and control pins)(5)

5. When several inputs are submitted to a current injection, the maximum ΣIINJ(PIN) is the absolute sum of the 
positive and negative injected currents (instantaneous values). 

± 25
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Figure 15. Typical current consumption in Stop mode with regulator in run mode
versus temperature at different VDD values   
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Low-speed external user clock generated from an external source

The characteristics given in Table 22 result from tests performed using an low-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 10.

          

Table 21. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit

fHSE_ext
User external clock source 
frequency(1)

1. Guaranteed by design, not tested in production.

-

1 8 25 MHz

VHSEH OSC_IN input pin high level voltage 0.7VDD - VDD
V

VHSEL OSC_IN input pin low level voltage VSS - 0.3VDD

tw(HSE)
tw(HSE)

OSC_IN high or low time(1) 5 - -

ns
tr(HSE)
tf(HSE)

OSC_IN rise or fall time(1) - - 20

Cin(HSE) OSC_IN input capacitance(1) - - 5 - pF

DuCy(HSE) Duty cycle - 45 - 55 %

IL OSC_IN Input leakage current VSS ≤ VIN ≤ VDD - - ±1 µA

Table 22. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit

fLSE_ext
User External clock source 
frequency(1)

1. Guaranteed by design, not tested in production.

-

- 32.768 1000 kHz

VLSEH
OSC32_IN input pin high level 
voltage

0.7VDD - VDD

V

VLSEL
OSC32_IN input pin low level 
voltage

VSS - 0.3VDD

tw(LSE)
tw(LSE)

OSC32_IN high or low time(1) 450 - -

ns
tr(LSE)
tf(LSE)

OSC32_IN rise or fall time(1) - - 50

Cin(LSE) OSC32_IN input capacitance(1) - - 5 - pF

DuCy(LSE) Duty cycle - 30 - 70 %

IL OSC32_IN Input leakage current 
VSS ≤ VIN ≤ VD

D
- - ±1 µA
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 16 MHz crystal/ceramic 
resonator oscillator. All the information given in this paragraph are based on 
characterization results obtained with typical external components specified in Table 23. 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).

          

For CL1 and CL2, it is recommended to use high-quality external ceramic capacitors in the 
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match 
the requirements of the crystal or resonator (see Figure 20). CL1 and CL2 are usually the 
same size. The crystal manufacturer typically specifies a load capacitance which is the 
series combination of CL1 and CL2. 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 
CL1 and CL2. Refer to the application note AN2867 “Oscillator design guide for ST 
microcontrollers” available from the ST website www.st.com.

Table 23. HSE 4-16 MHz oscillator characteristics(1)(2)

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.

2. Guaranteed by characterization results, not tested in production.

Symbol Parameter Conditions Min Typ Max Unit

fOSC_IN Oscillator frequency - 4 8 16 MHz

RF Feedback resistor - - 200 - kΩ 

C
Recommended load capacitance 
versus equivalent serial 
resistance of the crystal (RS)(3)

3. The relatively low value of the RF resistor offers a good protection against issues resulting from use in a 
humid environment, due to the induced leakage and the bias condition change. However, it is 
recommended to take this point into account if the MCU is used in tough humidity conditions.

RS = 30 Ω - 30 - pF

i2 HSE driving current
VDD= 3.3 V, VIN = VSS 

with 30 pF load
- - 1 mA

gm Oscillator transconductance Startup 25 - - mA/V

tSU(HSE)
(4)

4. tSU(HSE) 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

Startup time  VDD is stabilized - 2 - ms
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5.3.8 PLL characteristics

The parameters given in Table 28 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 10.

          

5.3.9 Memory characteristics

Flash memory

The characteristics are given at TA = –40 to 105 °C unless otherwise specified.

          

Table 28. PLL characteristics 

Symbol Parameter
Value

Unit
Min Typ Max(1)

1. Guaranteed by characterization results, not tested in production.

fPLL_IN

PLL input clock(2)

2. Take care of using the appropriate multiplier factors so as to have PLL input clock values compatible with 
the range defined by fPLL_OUT.

1 8.0 25 MHz

PLL input clock duty cycle 40 - 60 %

fPLL_OUT PLL multiplier output clock 16 - 72 MHz

tLOCK PLL lock time - - 200 µs

Jitter Cycle-to-cycle jitter - - 300 ps

Table 29. Flash memory characteristics

Symbol Parameter  Conditions Min Typ Max(1)

1. Guaranteed by design, not tested in production.

Unit

tprog 16-bit programming time TA = –40 to +105 °C 40 52.5 70 µs

tERASE Page (2 KB) erase time TA = –40 to +105 °C 20 - 40 ms

tME Mass erase time TA = –40 to +105 °C 20 - 40 ms

IDD Supply current 

Read mode 
fHCLK = 72 MHz with 2 wait 
states, VDD = 3.3 V

- - 28 mA

Write mode  
fHCLK = 72 MHz, VDD = 3.3 V

- - 7 mA

Erase mode  
fHCLK = 72 MHz, VDD = 3.3 V

- - 5 mA

Power-down mode / Halt, 
VDD = 3.0 to 3.6 V

- - 50 µA

Vprog Programming voltage - 2 - 3.6 V
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Figure 33. PC Card/CompactFlash controller waveforms for attribute memory write
access

1. Only data bits 0...7 are driven (bits 8...15 remains HiZ).

Figure 34. PC Card/CompactFlash controller waveforms for I/O space read access
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VOL
(1)(4) Output low level voltage for an I/O pin 

when 8 pins are sunk at same time IIO = +20 mA
2.7 V < VDD < 3.6 V

- 1.3

V

VOH
(2)(4) Output high level voltage for an I/O pin 

when 8 pins are sourced at same time
VDD–1.3 -

VOL
(1)(4) Output low level voltage for an I/O pin 

when 8 pins are sunk at same time IIO = +6 mA
2 V < VDD < 2.7 V

- 0.4

V

VOH
(2)(4) Output high level voltage for an I/O pin 

when 8 pins are sourced at same time
VDD–0.4 -

1. The IIO current sunk by the device must always respect the absolute maximum rating specified in Table 8 
and the sum of IIO (I/O ports and control pins) must not exceed IVSS.

2. The IIO current sourced by the device must always respect the absolute maximum rating specified in 
Table 8 and the sum of IIO (I/O ports and control pins) must not exceed IVDD.

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

4. Guaranteed by characterization results, not tested in production.

Table 50. Output voltage characteristics (continued)

Symbol Parameter Conditions Min Max Unit
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Figure 50. I2S slave timing diagram (Philips protocol)(1) 

1. Measurement points are done at CMOS levels: 0.3 × VDD and 0.7 × VDD.

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

Figure 51. I2S master timing diagram (Philips protocol)(1)

1. Guaranteed by characterization results, not tested in production.

2. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first 
byte.
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Figure 54. USB timings: definition of data signal rise and fall time

          

Table 60. USB DC electrical characteristics 

Symbol Parameter Conditions Min.(1)

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

Max.(1) Unit

Input levels

VDD USB operating voltage(2)

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 kΩ resistor to a 3.0-to-3.6 V voltage range.

- 3.0(3)

3. The STM32F103xF/G 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 VDD voltage range.

3.6 V

VDI
(4)

4. Guaranteed by characterization results, not tested in production.

Differential input sensitivity I(USB_DP, USB_DM) 0.2 -

VVCM
(4) Differential common mode range Includes VDI range 0.8 2.5

VSE
(4) Single ended receiver threshold 1.3 2.0

Output levels

VOL Static output level low RL of 1.5 kΩ to 3.6 V(5)

5. RL is the load connected on the USB drivers

- 0.3
V

VOH Static output level high RL of 15 kΩ to VSS
(5) 2.8 3.6

Table 61. USB: full-speed electrical characteristics 

Driver characteristics(1)

1. Guaranteed by design, not tested in production.

Symbol Parameter Conditions Min Max Unit

tr Rise time(2)

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

CL = 50 pF 4 20 ns

tf Fall Time(2) CL = 50 pF 4 20 ns

trfm Rise/ fall time matching tr/tf 90 110 %

VCRS Output signal crossover voltage - 1.3 2.0 V
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Figure 66. LQFP100 recommended footprint

1. Dimensions are in millimeters.

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°

ccc - - 0.08 - - 0.0031

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

Table 70. LQPF100 – 14 x 14 mm 100-pin low-profile quad flat package 
mechanical data (continued)

Symbol
millimeters inches(1)

Min Typ Max Min Typ Max
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