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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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Figure 2. Compatible board design between STM32F10x and STM32F2xx
for LQFP100 package

1. RFU = reserved for future use.

Figure 3. Compatible board design between STM32F10x and STM32F2xx
for LQFP144 package

1. RFU = reserved for future use.
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3.14 Power supply schemes

• VDD = 1.8 to 3.6 V: external power supply for I/Os and the internal regulator (when 
enabled), provided externally through VDD pins. 

• VSSA, VDDA = 1.8 to 3.6 V: external analog power supplies for ADC, DAC, Reset 
blocks, RCs and PLL. VDDA and VSSA must be connected to VDD and VSS, respectively.

• VBAT = 1.65 to 3.6 V: power supply for RTC, external clock, 32 kHz oscillator and 
backup registers (through power switch) when VDD is not present.

Refer to Figure 17: Power supply scheme for more details.

3.15 Power supply supervisor

The devices have an integrated power-on reset (POR) / power-down reset (PDR) circuitry 
coupled with a Brownout reset (BOR) circuitry. 

At power-on, POR/PDR is always active and ensures proper operation starting from 1.8 V. 
After the 1.8 V POR threshold level is reached, the option byte loading process starts, either 
to confirm or modify default BOR threshold levels, or to disable BOR permanently. Three 
BOR thresholds are available through option bytes.

The device remains in reset mode when VDD is below a specified threshold, VPOR/PDR or 
VBOR, without the need for an external reset circuit. .

The devices also feature an embedded programmable voltage detector (PVD) that monitors 
the VDD/VDDA power supply and compares it to the VPVD threshold. An interrupt can be 
generated when VDD/VDDA drops below the VPVD threshold and/or when VDD/VDDA is 
higher than the VPVD threshold. The interrupt service routine can then generate a warning 
message and/or put the MCU into a safe state. The PVD is enabled by software.

3.16 Voltage regulator

The regulator has four operating modes: 

• Regulator ON

– Main regulator mode (MR)

– Low-power regulator (LPR)

– Power-down

• Regulator OFF

– Regulator OFF/internal reset ON

3.16.1 Regulator ON

The regulator ON modes are activated by default on LQFP packages. On UFBGA176 
package, they are activated by connecting REGOFF to VSS. 

VDD minimum value is 1.8 V. 
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Figure 6. Regulator OFF/internal reset ON

The following conditions must be respected:

• VDD should always be higher than VCAP_1 and VCAP_2 to avoid current injection 
between power domains.

• If the time for VCAP_1 and VCAP_2 to reach 1.08 V is faster than the time for VDD to 
reach 1.8 V, then PA0 should be kept low to cover both conditions: until VCAP_1 and 
VCAP_2 reach 1.08 V and until VDD reaches 1.8 V (see Figure 7). 

• Otherwise, If the time for VCAP_1 and VCAP_2 to reach 1.08 V is slower than the time for 
VDD to reach 1.8 V, then PA0 should be asserted low externally (see Figure 8).

• If VCAP_1 and VCAP_2 go below 1.08 V and VDD is higher than 1.8 V, then a reset must 
be asserted on PA0 pin. 

integrated power-on reset (POR)/ power-down reset (PDR) circuitry is disabled. 

An external power supply supervisor should monitor both the external 1.2 V and the external 
VDD supply voltage, and should maintain the device in reset mode as long as they remain 
below a specified threshold. The VDD specified threshold, below which the device must be 
maintained under reset, is 1.8 V. This supply voltage can drop to 1.7 V when the device 
operates in the 0 to 70 °C temperature range. A comprehensive set of power-saving modes 
allows the design of low-power applications. 
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Figure 7. Startup in regulator OFF: slow VDD slope,
power-down reset risen after VCAP_1/VCAP_2 stabilization

1. This figure is valid both whatever the internal reset mode (ON or OFF).

Figure 8. Startup in regulator OFF: fast VDD slope,
power-down reset risen before VCAP_1/VCAP_2 stabilization

3.16.3 Regulator ON/OFF and internal reset ON/OFF availability

Table 3. Regulator ON/OFF and internal reset ON/OFF availability 

Package
Regulator ON/internal 

reset ON
Regulator ON/internal 

reset OFF
Regulator 

OFF/internal reset ON

LQFP64

LQFP100

LQFP144

LQFP176

Yes No No

UFBGA176
Yes 

REGOFF set to VSS
No

Yes 

REGOFF set to VDD
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3.20.2 General-purpose timers (TIMx)

There are ten synchronizable general-purpose timers embedded in the STM32F21x devices 
(see Table 4 for differences).

TIM2, TIM3, TIM4, TIM5

The STM32F21x include 4 full-featured general-purpose timers. TIM2 and TIM5 are 32-bit 
timers, and TIM3 and TIM4 are 16-bit timers. The TIM2 and TIM5 timers are based on a 32-
bit auto-reload up/downcounter and a 16-bit prescaler. The TIM3 and TIM4 timers are based 
on a 16-bit auto-reload up/downcounter and a 16-bit prescaler. They all feature 4 
independent channels for input capture/output compare, PWM or one-pulse mode output. 
This gives up to 16 input capture/output compare/PWMs on the largest packages.

The TIM2, TIM3, TIM4, TIM5 general-purpose timers can work together, or with the other 
general-purpose timers and the advanced-control timers TIM1 and TIM8 via the Timer Link 
feature for synchronization or event chaining.

The counters of TIM2, TIM3, TIM4, TIM5 can be frozen in debug mode. Any of these 
general-purpose timers can be used to generate PWM outputs.

TIM2, TIM3, TIM4, TIM5 all have independent DMA request generation. They are capable 
of handling quadrature (incremental) encoder signals and the digital outputs from 1 to 4 hall-
effect sensors.

TIM10, TIM11 and TIM9

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler. TIM10 and 
TIM11 feature one independent channel, whereas TIM9 has two independent channels for 
input capture/output compare, PWM or one-pulse mode output. They can be synchronized 
with the TIM2, TIM3, TIM4, TIM5 full-featured general-purpose timers. They can also be 
used as simple time bases.

TIM12, TIM13 and TIM14

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler. TIM13 and 
TIM14 feature one independent channel, whereas TIM12 has two independent channels for 
input capture/output compare, PWM or one-pulse mode output. They can be synchronized 
with the TIM2, TIM3, TIM4, TIM5 full-featured general-purpose timers.

They can also be used as simple time bases.

3.20.3 Basic timers TIM6 and TIM7

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

3.20.4 Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is 
clocked from an independent 32 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 
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Table 7. STM32F21x pin and ball definitions 

Pins

Pin name

(function after 
reset)(1)

P
in

 t
yp

e

I /
 O

 s
tr

u
ct

u
re

N
o

te Alternate functions
Additional 
functions

L
Q

F
P

6
4

L
Q

F
P

10
0

L
Q

F
P

14
4

L
Q

F
P

17
6

U
F

B
G

A
1

76

- 1 1 1 A2 PE2 I/O FT -
TRACECLK, FSMC_A23, 

ETH_MII_TXD3, EVENTOUT
-

- 2 2 2 A1 PE3 I/O FT -
TRACED0, FSMC_A19, 

EVENTOUT
-

- 3 3 3 B1 PE4 I/O FT -
TRACED1, FSMC_A20, 
DCMI_D4/ EVENTOUT

-

- 4 4 4 B2 PE5 I/O FT -
TRACED2, FSMC_A21, 
TIM9_CH1, DCMI_D6, 

EVENTOUT
-

- 5 5 5 B3 PE6 I/O FT -
TRACED3, FSMC_A22, 
TIM9_CH2, DCMI_D7, 

EVENTOUT
-

1 6 6 6 C1 VBAT S - - - -

- - - 7 D2 PI8 I/O FT (2)(3) EVENTOUT RTC_AF2

2 7 7 8 D1 PC13 I/O FT (2)(3) EVENTOUT RTC_AF1

3 8 8 9 E1
PC14/OSC32_IN

(PC14)
I/O FT (2)(3) EVENTOUT OSC32_IN(4)

4 9 9 10 F1
PC15/

OSC32_OUT

(PC15)
I/O FT (2)(3) EVENTOUT OSC32_OUT(4)

- - - 11 D3 PI9 I/O FT - CAN1_RX, EVENTOUT -

- - - 12 E3 PI10 I/O FT - ETH_MII_RX_ER, EVENTOUT -

- - - 13 E4 PI11 I/O FT -
OTG_HS_ULPI_DIR, 

EVENTOUT
-

- - - 14 F2 VSS S - - -

- - - 15 F3 VDD S - - -

- - 10 16 E2 PF0 I/O FT -
FSMC_A0, I2C2_SDA, 

EVENTOUT
-

- - 11 17 H3 PF1 I/O FT -
FSMC_A1, I2C2_SCL, 

EVENTOUT
-

- - 12 18 H2 PF2 I/O FT -
FSMC_A2, I2C2_SMBA, 

EVENTOUT
-

- - 13 19 J2 PF3 I/O FT (4) FSMC_A3, EVENTOUT  ADC3_IN9
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Port B

PB0 - TIM1_CH2N TIM3_CH3 TIM8_CH2N - - - - - - OTG_HS_ULPI_D1 ETH _MII_RXD2 - - - EVENTOUT

PB1 - TIM1_CH3N TIM3_CH4 TIM8_CH3N - - - - - - OTG_HS_ULPI_D2 ETH _MII_RXD3 - - - EVENTOUT

PB2 - - - - - - - - - - - - - - - EVENTOUT

PB3
JTDO/

TRACESWO 
TIM2_CH2 - - - SPI1_SCK 

SPI3_SCK 
I2S3_SCK 

- - - - - - - - EVENTOUT

PB4 JTRST - TIM3_CH1 - - SPI1_MISO SPI3_MISO - - - - - - - - EVENTOUT

PB5 - - TIM3_CH2 - I2C1_SMBA SPI1_MOSI 
SPI3_MOSI 

I2S3_SD 
- - CAN2_RX OTG_HS_ULPI_D7 ETH _PPS_OUT - DCMI_D10 - EVENTOUT

PB6 - - TIM4_CH1 - I2C1_SCL - - USART1_TX - CAN2_TX - - - DCMI_D5 - EVENTOUT

PB7 - - TIM4_CH2 - I2C1_SDA - - USART1_RX - - - - FSMC_NL DCMI_VSYNC - EVENTOUT

PB8 - - TIM4_CH3 TIM10_CH1 I2C1_SCL - - - - CAN1_RX - ETH _MII_TXD3 SDIO_D4 DCMI_D6 - EVENTOUT

PB9 - - TIM4_CH4 TIM11_CH1 I2C1_SDA 
SPI2_NSS

I2S2_WS 
- - - CAN1_TX - - SDIO_D5 DCMI_D7 - EVENTOUT

PB10 - TIM2_CH3 - - I2C2_SCL 
SPI2_SCK 
I2S2_SCK 

- USART3_TX - - OTG_HS_ULPI_D3 ETH_ MII_RX_ER - - - EVENTOUT

PB11 - TIM2_CH4 - - I2C2_SDA - - USART3_RX - - OTG_HS_ULPI_D4 
ETH _MII_TX_EN

ETH 
_RMII_TX_EN

- - - EVENTOUT

PB12 - TIM1_BKIN - - I2C2_SMBA
SPI2_NSS 
I2S2_WS 

- USART3_CK - CAN2_RX OTG_HS_ULPI_D5 
ETH _MII_TXD0

ETH _RMII_TXD0
OTG_HS_ID - - EVENTOUT

PB13 - TIM1_CH1N - - -
SPI2_SCK 
I2S2_SCK 

- USART3_CTS - CAN2_TX OTG_HS_ULPI_D6 
ETH _MII_TXD1 

ETH _RMII_TXD1
 - - - EVENTOUT

PB14 - TIM1_CH2N - TIM8_CH2N - SPI2_MISO - USART3_RTS - TIM12_CH1 - - OTG_HS_DM - - EVENTOUT

PB15 RTC_50Hz TIM1_CH3N - TIM8_CH3N -
SPI2_MOSI 

I2S2_SD 
- - - TIM12_CH2 - - OTG_HS_DP - - EVENTOUT

Table 9. Alternate function mapping (continued)

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13

AF014 AF15
SYS TIM1/2 TIM3/4/5 TIM8/9/10/11 I2C1/I2C2/I2C3 SPI1/SPI2/I2S2 SPI3/I2S3 USART1/2/3

UART4/5/
USART6

CAN1/CAN2/
TIM12/13/14

OTG_FS/ OTG_HS ETH
FSMC/SDIO/

OTG_HS
DCMI
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Port H

PH0 - 
OSC_IN

- - - - - - - - - - - - - - - EVENTOUT

PH1 - 
OSC_OUT

- - - - - - - - - - - - EVENTOUT

PH2 - - - - - - - - ETH _MII_CRS - - - EVENTOUT

PH3 - - - - - - - - ETH _MII_COL - - - EVENTOUT

PH4 - - I2C2_SCL - - - - -
OTG_HS_ULPI_N

XT 
- - - - EVENTOUT

PH5 - - I2C2_SDA - - - - - - - - - - EVENTOUT

PH6 - - I2C2_SMBA - - - - TIM12_CH1 - ETH _MII_RXD2 - - - EVENTOUT

PH7 - - I2C3_SCL - - - - - - ETH _MII_RXD3 - - - EVENTOUT

PH8 - - I2C3_SDA - - - - - - - - DCMI_HSYNC - EVENTOUT

PH9 - - I2C3_SMBA - - - - TIM12_CH2 - - - DCMI_D0 - EVENTOUT

PH10 - - TIM5_CH1 - - - - - - - - DCMI_D1 - EVENTOUT

PH11 - - TIM5_CH2 - - - - - - - - DCMI_D2 - EVENTOUT

PH12 - - TIM5_CH3 - - - - - - - - DCMI_D3 - EVENTOUT

PH13 - - TIM8_CH1N - - - - CAN1_TX - - - - - EVENTOUT

PH14 - - TIM8_CH2N - - - - - - - - DCMI_D4 - EVENTOUT

PH15 - - TIM8_CH3N - - - - - - - - DCMI_D11 - EVENTOUT

Port I

PI0 - - TIM5_CH4 
SPI2_NSS 
I2S2_WS 

- - - - - - - DCMI_D13 - EVENTOUT

PI1 - -
SPI2_SCK 
I2S2_SCK 

- - - - - - - DCMI_D8 - EVENTOUT

PI2 - - TIM8_CH4 SPI2_MISO - - - - - - - DCMI_D9 - EVENTOUT

PI3 - - TIM8_ETR 
SPI2_MOSI 

I2S2_SD 
- - - - - - - DCMI_D10 - EVENTOUT

PI4 - - TIM8_BKIN - - - - - - - - DCMI_D5 - EVENTOUT

PI5 - - TIM8_CH1 - - - - - - - - DCMI_VSYNC - EVENTOUT

PI6 - - TIM8_CH2 - - - - - - - - DCMI_D6 - EVENTOUT

PI7 - - TIM8_CH3 - - - - - - - - DCMI_D7 - EVENTOUT

PI8 - - - - - - - - - - - - EVENTOUT

PI9 - - - - - - CAN1_RX - - - - - EVENTOUT

PI10 - - - - - - - - ETH _MII_RX_ER - - - EVENTOUT

PI11 - - - - - - -
OTG_HS_ULPI_

DIR 
- - - - EVENTOUT

Table 9. Alternate function mapping (continued)

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13

AF014 AF15
SYS TIM1/2 TIM3/4/5 TIM8/9/10/11 I2C1/I2C2/I2C3 SPI1/SPI2/I2S2 SPI3/I2S3 USART1/2/3

UART4/5/
USART6

CAN1/CAN2/
TIM12/13/14

OTG_FS/ OTG_HS ETH
FSMC/SDIO/

OTG_HS
DCMI
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6.3 Operating conditions

6.3.1 General operating conditions

          

Table 11. Current characteristics

Symbol Ratings  Max Unit

IVDD Total current into VDD 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.

120

mA

IVSS Total current out of VSS ground lines (sink)(1) 120

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 in Section 6.3.20: 12-bit ADC 
characteristics.

Injected current on five-volt tolerant I/O(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 10 for the values of the maximum allowed input voltage.

–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 10 for the values of the maximum allowed input voltage.

±5

ΣIINJ(PIN)
(4) 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

Table 12. Thermal characteristics

Symbol Ratings  Value Unit

TSTG Storage temperature range –65 to +150 °C

TJ Maximum junction temperature 125 °C

Table 13. General operating conditions 

Symbol Parameter  Conditions Min Max Unit

fHCLK Internal AHB clock frequency - 0 120

MHzfPCLK1 Internal APB1 clock frequency - 0 30

fPCLK2 Internal APB2 clock frequency - 0 60
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6.3.5 Embedded reset and power control block characteristics

The parameters given in Table 18 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 13.

           

Table 18. Embedded reset and power control block characteristics 

Symbol Parameter Conditions Min Typ Max Unit

VPVD
Programmable voltage 
detector level selection

PLS[2:0]=000 (rising 
edge)

2.09 2.14 2.19 V

PLS[2:0]=000 (falling 
edge)

1.98 2.04 2.08 V

PLS[2:0]=001 (rising 
edge)

2.23 2.30 2.37 V

PLS[2:0]=001 (falling 
edge)

2.13 2.19 2.25 V

PLS[2:0]=010 (rising 
edge)

2.39 2.45 2.51 V

PLS[2:0]=010 (falling 
edge)

2.29 2.35 2.39 V

PLS[2:0]=011 (rising edge) 2.54 2.60 2.65 V

PLS[2:0]=011 (falling 
edge)

2.44 2.51 2.56 V

PLS[2:0]=100 (rising 
edge)

2.70 2.76 2.82 V

PLS[2:0]=100 (falling 
edge)

2.59 2.66 2.71 V

PLS[2:0]=101 (rising 
edge)

2.86 2.93 2.99 V

PLS[2:0]=101 (falling 
edge)

2.65 2.84 3.02 V

PLS[2:0]=110 (rising edge) 2.96 3.03 3.10 V

PLS[2:0]=110 (falling 
edge)

2.85 2.93 2.99 V

PLS[2:0]=111 (rising edge) 3.07 3.14 3.21 V

PLS[2:0]=111 (falling 
edge)

2.95 3.03 3.09 V

VPVDhyst
(1) PVD hysteresis - - 100 - mV

VPOR/PDR
Power-on/power-down 
reset threshold

Falling edge 1.60 1.68 1.76 V

Rising edge 1.64 1.72 1.80 V

VPDRhyst
(1) PDR hysteresis - - 40 - mV

VBOR1
Brownout level 1 
threshold

Falling edge 2.13 2.19 2.24 V

Rising edge 2.23 2.29 2.33 V
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Figure 23. Typical current consumption vs. temperature, Run mode, code with data
processing running from Flash, ART accelerator OFF, peripherals ON

Figure 24. Typical current consumption vs. temperature, Run mode, code with data
processing running from Flash, ART accelerator OFF, peripherals OFF
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6.3.7 Wakeup time from low-power mode

The wakeup times given in Table 26 is measured on a wakeup phase with a 16 MHz HSI 
RC oscillator. The clock source used to wake up the device depends from the current 
operating mode:

• Stop or Standby mode: the clock source is the RC oscillator

• Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under ambient temperature and VDD supply 
voltage conditions summarized in Table 13.

          

APB2

SDIO 0.69

mA

TIM1 1.06

TIM8 1.03

TIM9 0.58

TIM10 0.37

TIM11 0.39

ADC1(4) 2.13

ADC2(4) 2.04

ADC3(4) 2.12

SPI1 1.20

USART1 0.38

USART6 0.37

1. External clock is 25 MHz (HSE oscillator with 25 MHz crystal) and PLL is on. 

2. EN1 bit is set in DAC_CR register.

3. EN2 bit is set in DAC_CR register.

4. fADC = fPCLK2/2, ADON bit set in ADC_CR2 register.

Table 25. Peripheral current consumption (continued)

Peripheral(1) Typical consumption at 25 °C Unit

Table 26. Low-power mode wakeup timings

Symbol Parameter Min(1) Typ(1) Max(1) Unit

tWUSLEEP
(2) Wakeup from Sleep mode - 1 - µs

tWUSTOP
(2)

Wakeup from Stop mode (regulator in Run mode) - 13 -

µs
Wakeup from Stop mode (regulator in low-power mode) - 17 40

Wakeup from Stop mode (regulator in low-power mode 
and Flash memory in Deep power down mode)

- 110 -

tWUSTDBY
(2)(3) Wakeup from Standby mode 260 375 480 µs

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

2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.
3. tWUSTDBY minimum and maximum values are given at 105 °C and –45 °C, respectively.
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Figure 50. ADC accuracy characteristics

1. Example of an actual transfer curve.

2. Ideal transfer curve.

3. End point correlation line.

4. ET = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves. 
EO = Offset Error: deviation between the first actual transition and the first ideal one. 
EG = Gain Error: deviation between the last ideal transition and the last actual one. 
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one. 
EL = Integral Linearity Error: maximum deviation between any actual transition and the end point 
correlation line.

Figure 51. Typical connection diagram using the ADC

1. Refer to Table 65 for the values of RAIN, RADC and CADC.

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the 
pad capacitance (roughly 7 pF). A high Cparasitic value downgrades conversion accuracy. To remedy this, 
fADC should be reduced.
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Figure 61. Synchronous non-multiplexed NOR/PSRAM read timings

          

td(CLKL-NWEL) FSMC_CLK low to FSMC_NWE low  - 1 ns

td(CLKL-NWEH) FSMC_CLK low to FSMC_NWE high  0  - ns

td(CLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid  0  - ns

td(CLKL-DATA) FSMC_A/D[15:0] valid data after FSMC_CLK low  - 2 ns

td(CLKL-NBLH) FSMC_CLK low to FSMC_NBL high 0.5  - ns

1. CL = 30 pF.

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

Table 77. Synchronous non-multiplexed NOR/PSRAM read timings(1)(2) 

Symbol Parameter Min Max Unit

tw(CLK) FSMC_CLK period 2THCLK  - ns

td(CLKL-NExL) FSMC_CLK low to FSMC_NEx low (x=0..2)  - 0 ns

td(CLKL-NExH) FSMC_CLK low to FSMC_NEx high (x= 0…2) 1  - ns

td(CLKL-NADVL) FSMC_CLK low to FSMC_NADV low  - 2.5 ns

Table 76. Synchronous multiplexed PSRAM write timings(1)(2) (continued)

Symbol Parameter Min Max Unit
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Figure 71. NAND controller waveforms for common memory read access

Figure 72. NAND controller waveforms for common memory write access

          

Table 81. Switching characteristics for NAND Flash read cycles(1)(2)

1. CL = 30 pF.

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

Symbol Parameter Min Max Unit

tw(N0E) FSMC_NOE low width 4THCLK- 1 4THCLK+ 2 ns

tsu(D-NOE) FSMC_D[15-0] valid data before FSMC_NOE high 9 - ns

th(NOE-D) FSMC_D[15-0] valid data after FSMC_NOE high 3 - ns

td(ALE-NOE) FSMC_ALE valid before FSMC_NOE low - 3THCLK ns

th(NOE-ALE) FSMC_NWE high to FSMC_ALE invalid 3THCLK+ 2 - ns
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Figure 81. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint

1. Dimensions are expressed in millimeters.
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7.5 UFBGA176+25 package information

Figure 85. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package outline

1. Drawing is not to scale.

          

Table 90. UFBGA176+25, - 201-ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package mechanical data 

Symbol
millimeters inches(1)

Min Typ Max Min Typ Max

A - - 0.600 - - 0.0236 

A1 - - 0.110 - - 0.0043 

A2 - 0.450 - - 0.0177 -

A3 - 0.130 - - 0.0051 0.0094

A4 - 0.320 - - 0.0126 -

b 0.240 0.290 0.340 0.0094 0.0114 0.0134

D 9.850 10.000 10.150 0.3878 0.3937 0.3996

D1 - 9.100 - - 0.3583 -

E 9.850 10.000 10.150 0.3878 0.3937 0.3996

E1 - 9.100 - - 0.3583 -

e  - 0.650 - - 0.0256 -

Z - 0.450 - - 0.0177 -

ddd - - 0.080 - - 0.0031
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25-Nov-2010 3

Added WLCSP66 (64+2) package. Added note 1 related to LQFP176 
on cover page. 

Update I/Os in Section : Features. 

Updated Table 5: Multi-AHB matrix.

Added case of BOR inactivation using IRROFF on WLCSP devices in 
Section 3.15: Power supply supervisor.

Reworked Section 3.16: Voltage regulator to clarify regulator off modes. 
Added Section 3.19: VBAT operation.

Modified VDD_3 pin in Table 7: STM32F21x pin and ball definitions, and 
added note related to the FSMC_NL pin.

Renamed BYPASS-REG REGOFF, and add IRROFF pin. 

Changed VSS_SA to VSS, and VDD_SA pin reserved for future use. 

Updated maximum HSE crystal frequency to 26 MHz.

USART4/5 renamed UART4/5. USART4 pins renamed UART4 in 
Table 7: STM32F21x pin and ball definitions. Updated LIN and IrDA 
features for UART4/5 in Table 5: USART feature comparison. 

Section 6.2: Absolute maximum ratings: Updated VIN minimum and 
maximum values and note for non-five-volt tolerant pins in Table 10: 
Voltage characteristics. Updated IINJ(PIN) maximum values and related 
notes in Table 11: Current characteristics. 

Updated VDDA minimum value in Table 13: General operating 
conditions. 

Added Note 2 and updated Maximum CPU frequency in Table 14: 
Limitations depending on the operating power supply range; and added 
Figure 19: Number of wait states versus fCPU and VDD range.

Renamed Brownout Low, medium and High reset thresholds, Renamed 
VBORL/VBORM/VBORH, VBOR1/VBOR2/VBOR3 in Table 18: Embedded 
reset and power control block characteristics. 

Changed fLSI typical value in Table 32: LSI oscillator characteristics. 
Added Figure 33: ACCLSI versus temperature. 

Changed fOSC_IN maximum value in Table 29: HSE 4-26 MHz oscillator 
characteristics.

Changed fPLL_IN maximum value in Table 33: Main PLL characteristics, 
and updated jitter parameters in Table 34: PLLI2S (audio PLL) 
characteristics.

Section 6.3.16: I/O port characteristics: updated VIH and VIL in Table 45: 
I/O static characteristics.

Added Note 1 below Table 46: Output voltage characteristics.

Updated RPD and RPU parameter description in Table 56: USB OTG FS 
DC electrical characteristics.

Updated VREF+ minimum value in Table 65: ADC characteristics.

Updated Table 70: Embedded internal reference voltage.

Removed Ethernet and USB2 for 64-pin devices in Table 93: Main 
applications versus package for STM32F2xxx microcontrollers.

Added A.2: USB OTG full speed (FS) interface solutions, removed 
“OTG FS connection with external PHY” figure, updated Figure 85, 
Figure 86, and Figure 87 to add STULPI01B.

Table 94. Document revision history (continued)

Date Revision Changes
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22-Apr-2011
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(continued)

Updated tres(TIM) in Table 49: Characteristics of TIMx connected to the 
APB1 domain. Modified tres(TIM) and fEXT Table 50: Characteristics of 
TIMx connected to the APB2 domain.

Changed tw(SCKH) to tw(SCLH), tw(SCKL) to tw(SCLL), tr(SCK) to tr(SCL), and 
tf(SCK) to tf(SCL) in Table 51: I2C characteristics and Figure 39: I2C bus 
AC waveforms and measurement circuit.

Added Table 56: USB OTG FS DC electrical characteristics and 
updated Table 57: USB OTG FS electrical characteristics.

Updated VDD minimum value in Table 61: Ethernet DC electrical 
characteristics.

Updated Table 65: ADC characteristics and RAIN equation. 

Updated RAIN equation. Updated Table 67: DAC characteristics.

Updated tSTART in Table 68: Temperature sensor characteristics.

Updated Table 70: Embedded internal reference voltage.

Modified FSMC_NOE waveform in Figure 55: Asynchronous non-
multiplexed SRAM/PSRAM/NOR read waveforms. Shifted end of 
FSMC_NEx/NADV/addresses/NWE/NOE/NWAIT of a half FSMC_CLK 
period, changed td(CLKH-NExH) to td(CLKL-NExH), td(CLKH-AIV) to td(CLKL-

AIV), td(CLKH-NOEH) to td(CLKL-NOEH), and td(CLKH-NWEH) to td(CLKL-NWEH), 
and updated data latency from 1 to 0 in Figure 59: Synchronous 
multiplexed NOR/PSRAM read timings, Figure 60: Synchronous 
multiplexed PSRAM write timings, Figure 61: Synchronous non-
multiplexed NOR/PSRAM read timings, and Figure 62: Synchronous 
non-multiplexed PSRAM write timings,

Changed td(CLKH-NExH) to td(CLKL-NExH), td(CLKH-AIV) to td(CLKL-AIV), 
td(CLKH-NOEH) to td(CLKL-NOEH), td(CLKH-NWEH) to td(CLKL-NWEH), and 
modified tw(CLK) minimum value in Table 75, Table 76, Table 77, and 
Table 78.

Updated R typical value in Table 69: VBAT monitoring 
characteristics.Updated note 2 in Table 71, Table 72, Table 73, 
Table 74, Table 75, Table 76, Table 77, and Table 78.

Modified th(NIOWR-D) in Figure 68: PC Card/CompactFlash controller 
waveforms for I/O space write access.

Modified FSMC_NCEx signal in Figure 69: NAND controller waveforms 
for read access, Figure 70: NAND controller waveforms for write 
access, Figure 71: NAND controller waveforms for common memory 
read access, and Figure 72: NAND controller waveforms for common 
memory write access.

Specified Full speed (FS) mode for Figure 86: USB OTG HS peripheral-
only connection in FS mode and Figure 87: USB OTG HS host-only 
connection in FS mode.
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