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2.3.21 GPIOs (general-purpose inputs/outputs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as 
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the 
GPIO pins are shared with digital or analog alternate functions. All GPIOs are high current-
capable.

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.

I/Os on APB2 with up to 18 MHz toggling speed.

2.3.22 ADC (analog-to-digital converter)

Two 12-bit analog-to-digital converters are embedded into STM32F103xx performance line 
devices and each ADC shares up to 16 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 timer 
(TIM1) can be internally connected to the ADC start trigger, injection trigger, and DMA 
trigger respectively, to allow the application to synchronize A/D conversion and timers.

2.3.23 Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The 
conversion range is between 2 V < VDDA < 3.6 V. The temperature sensor is internally 
connected to the ADC12_IN16 input channel which is used to convert the sensor output 
voltage into a digital value.

2.3.24 Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP Interface is embedded. and is a combined JTAG and serial wire debug 
port that enables either a serial wire debug or a JTAG probe to be connected to the target. 
The JTAG TMS and TCK pins are shared with SWDIO and SWCLK, respectively, and a 
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.
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3 Pinouts and pin description

Figure 3. STM32F103xx performance line LQFP64 pinout
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Table 5. Low-density STM32F103xx pin definitions 

Pins

Pin name
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Default Remap

1 1 B2 - VBAT S - VBAT - -

2 2 A2 -
PC13-TAMPER-

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

3 3 A1 -
PC14-

OSC32_IN(5) I/O - PC14(6) OSC32_IN -

4 4 B1 -
PC15-

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

5 5 C1 2 OSC_IN I - OSC_IN - PD0(7)

6 6 D1 3 OSC_OUT O - OSC_OUT - PD1(7)

7 7 E1 4 NRST I/O - NRST  -

- 8 E3 - PC0 I/O - PC0 ADC12_IN10 -

- 9 E2 - PC1 I/O - PC1 ADC12_IN11 -

- 10 F2 - PC2 I/O - PC2 ADC12_IN12 -

- 11 - - PC3 I/O - PC3 ADC12_IN13 -

- - G1 - VREF+
(8) S - VREF+ - -

8 12 F1 5 VSSA S - VSSA - -

9 13 H1 6 VDDA S - VDDA - -

10 14 G2 7 PA0-WKUP I/O - PA0
WKUP/USART2_CTS/

ADC12_IN0/
TIM2_CH1_ETR(9)

-

11 15 H2 8 PA1 I/O - PA1
USART2_RTS/

ADC12_IN1/ TIM2_CH2(9) -

12 16 F3 9 PA2 I/O - PA2
USART2_TX/

ADC12_IN2/ TIM2_CH3(9) -

13 17 G3 10 PA3 I/O - PA3
USART2_RX/

ADC12_IN3/TIM2_CH4(9) -

- 18 C2 - VSS_4 S - VSS_4 - -

- 19 D2 - VDD_4 S - VDD_4 - -

14 20 H3 11 PA4 I/O - PA4
SPI1_NSS(9)/ 

USART2_CK/ADC12_IN4 
-

15 21 F4 12 PA5 I/O - PA5 SPI1_SCK(9)/ ADC12_IN5 -

16 22 G4 13 PA6 I/O - PA6
SPI1_MISO(9)/

ADC12_IN6/TIM3_CH1(9) TIM1_BKIN

17 23 H4 14 PA7 I/O - PA7
SPI1_MOSI(9)/

ADC12_IN7/TIM3_CH2(9) TIM1_CH1N

- 24 H5 - PC4 I/O - PC4 ADC12_IN14 -

- 25 H6 - PC5 I/O - PC5 ADC12_IN15 -
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4 Memory mapping

The memory map is shown in Figure 8.

Figure 8. Memory map



Electrical characteristics STM32F103x4, STM32F103x6

30/99 DocID15060 Rev 7

5 Electrical characteristics

5.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to VSS.

5.1.1 Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst 
conditions of ambient temperature, supply voltage and frequencies by tests in production on 
100% of the devices with an ambient temperature at TA = 25 °C and TA = TAmax (given by 
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics 
are indicated in the table footnotes and are not tested in production. Based on 
characterization, the minimum and maximum values refer to sample tests and represent the 
mean value plus or minus three times the standard deviation (mean±3σ).

5.1.2 Typical values

Unless otherwise specified, typical data are based on TA = 25 °C, VDD = 3.3 V (for the 
2 V ≤  VDD ≤  3.6 V voltage range). They are given only as design guidelines and are not 
tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from 
a standard diffusion lot over the full temperature range, where 95% of the devices have an 
error less than or equal to the value indicated (mean±2σ).

5.1.3 Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are 
not tested.

5.1.4 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 9.

5.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 10.
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5.3.2 Operating conditions at power-up / power-down

Subject to general operating conditions for TA.

          

5.3.3 Embedded reset and power control block characteristics

The parameters given in Table 11 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 9.

VIN I/O input voltage

Standard IO –0.3
VDD+
0.3

V
FT IO(3)

2 V < VDD ≤  3.6 V –0.3 5.5

VDD = 2 V –0.3 5.2

BOOT0 0 5.5

PD

Power dissipation at TA = 
85 °C for suffix 6 or TA = 
105 °C for suffix 7(4)

TFBGA64 - 308

mW

LQFP64 - 444

LQFP48 - 363

UFQFPN48 - 624

VFQFPN36 - 1000

TA 

Ambient temperature for 6 
suffix version

Maximum power dissipation –40 85

°C

Low power dissipation(5) –40 105

Ambient temperature for 7 
suffix version

Maximum power dissipation –40 105

Low power dissipation(5) –40 125

TJ Junction temperature range
6 suffix version –40 105

7 suffix version –40 125

1. When the ADC is used, refer to Table 46: ADC characteristics.

2. It is recommended to power VDD and VDDA from the same source. A maximum difference of 300 mV 
between VDD and VDDA can be tolerated during power-up and operation.

3. To sustain a voltage higher than VDD+0.3 V, the internal pull-up/pull-down resistors must be disabled.

4. If TA is lower, higher PD values are allowed as long as TJ does not exceed TJmax (see Table 6.6: Thermal 
characteristics on page 92).

5. In low power dissipation state, TA can be extended to this range as long as TJ does not exceed TJmax (see 
Table 6.6: Thermal characteristics on page 92).

Table 9. General operating conditions (continued)

Symbol Parameter  Conditions Min Max Unit

Table 10. Operating conditions at power-up / power-down 

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate
-

0 ¥
µs/V

VDD fall time rate 20 ¥
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Table 15. Maximum current consumption in Sleep mode, code running from Flash
or RAM 

Symbol Parameter Conditions fHCLK

Max(1)

1. based on characterization, tested in production at VDD max, fHCLK max with peripherals enabled.

Unit
TA = 85 °C TA = 105 °C

IDD
Supply current in 
Sleep mode

External clock(2), all 
peripherals enabled

2. External clock is 8 MHz and PLL is on when fHCLK > 8 MHz.

72 MHz 26 27

mA

48 MHz 17 18

36 MHz 14 15

24 MHz 10 11

16 MHz 7 8

8 MHz 4 5

External clock(2), all 
peripherals disabled

72 MHz 7.5 8

48 MHz 6 6.5

36 MHz 5 5.5

24 MHz 4.5 5

16 MHz 4 4.5

8 MHz 3 4
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Table 17. Typical current consumption in Run mode, code with data processing
running from Flash 

Symbol Parameter Conditions fHCLK

Typ(1)

1. Typical values are measures at TA = 25 °C, VDD = 3.3 V.

UnitAll peripherals 
enabled(2)

2. Add an additional power consumption of 0.8 mA per ADC for the analog part. In applications, this 
consumption occurs only while the ADC is on (ADON bit is set in the ADC_CR2 register).

All peripherals 
disabled

IDD

Supply 
current in 
Run mode

External clock(3)

3. External clock is 8 MHz and PLL is on when fHCLK > 8 MHz.

72 MHz 31.3 24.5

mA

48 MHz 21.9 17.4

36 MHz 17.2 13.8

24 MHz 11.2 8.9

16 MHz 8.1 6.6

8 MHz 5 4.2

4 MHz 3 2.6

2 MHz 2 1.8

1 MHz 1.5 1.4

500 kHz 1.2 1.2

125 kHz 1.05 1

Running on high 
speed internal RC 
(HSI), AHB 
prescaler used to 
reduce the 
frequency

64 MHz 27.6 21.6

mA

48 MHz 21.2 16.7

36 MHz 16.5 13.1

24 MHz 10.5 8.2

16 MHz 7.4 5.9

8 MHz 4.3 3.6

4 MHz 2.4 2

2 MHz 1.5 1.3

1 MHz 1 0.9

500 kHz 0.7 0.65

125 kHz 0.5 0.45
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Table 18. Typical current consumption in Sleep mode, code running from Flash or
RAM 

Symbol Parameter Conditions fHCLK

Typ(1)

1. Typical values are measures at TA = 25 °C, VDD = 3.3 V.

UnitAll peripherals 
enabled(2)

2. Add an additional power consumption of 0.8 mA per ADC for the analog part. In applications, this 
consumption occurs only while the ADC is on (ADON bit is set in the ADC_CR2 register).

All peripherals 
disabled

IDD

Supply 
current in 
Sleep mode

External clock(3)

3. External clock is 8 MHz and PLL is on when fHCLK > 8 MHz.

72 MHz 12.6 5.3

mA

48 MHz 8.7 3.8

36 MHz 6.7 3.1

24 MHz 4.8 2.3

16 MHz 3.4 1.8

8 MHz 2 1.2

4 MHz 1.5 1.1

2 MHz 1.25 1

1 MHz 1.1 0.98

500 kHz 1.05 0.96

125 kHz 1 0.95

Running on high 
speed internal RC 
(HSI), AHB prescaler 
used to reduce the 
frequency

64 MHz 10.6 4.2

48 MHz 8.1 3.2

36 MHz 6.1 2.5

24 MHz 4.2 1.7

16 MHz 2.8 1.2

8 MHz 1.4 0.55

4 MHz 0.9 0.5

2 MHz 0.7 0.45

1 MHz 0.55 0.42

500 kHz 0.48 0.4

125 kHz 0.4 0.38
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Low-speed internal (LSI) RC oscillator

          

Wakeup time from low-power mode

The wakeup times given in Table 26 is measured on a wakeup phase with a 8-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 9. 

Table 25. LSI oscillator characteristics (1) 

1. VDD = 3 V, TA = –40 to 105 °C unless otherwise specified.

Symbol Parameter Min Typ Max Unit

fLSI
(2)

2. Based on characterization, not tested in production.

Frequency 30 40 60 kHz 

tsu(LSI)
(3)

3. Guaranteed by design, not tested in production.

LSI oscillator startup time - - 85 µs

IDD(LSI)
(3) LSI oscillator power consumption - 0.65 1.2 µA
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Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical 
application environment and simplified MCU software. It should be noted that good EMC 
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and 
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:

• Corrupted program counter

• Unexpected reset

• Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be 
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1 
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of 
specification values. When unexpected behavior is detected, the software can be hardened 
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application is 
executed (toggling 2 LEDs through the I/O ports). This emission test is compliant with 
IEC 61967-2 standard which specifies the test board and the pin loading.

          

Table 30. EMS characteristics 

Symbol Parameter Conditions
Level/
Class

VFESD
Voltage limits to be applied on any I/O pin to 
induce a functional disturbance

VDD = 3.3 V, TA = +25 °C,  
fHCLK = 72 MHz 
conforms to IEC 61000-4-2

2B

VEFTB

Fast transient voltage burst limits to be 
applied through 100 pF on VDD and VSS 
pins to induce a functional disturbance

VDD = 3.3 V, TA = +25 °C,  
fHCLK = 72 MHz 
conforms to IEC 61000-4-4

4A

Table 31. EMI characteristics 

Symbol Parameter Conditions
Monitored

frequency band

Max vs. [fHSE/fHCLK]
Unit

8/48 MHz 8/72 MHz

SEMI Peak level VDD = 3.3 V, TA = 25 °C

0.1 to 30 MHz 12 12

dBµV30 to 130 MHz 22 19

130 MHz to 1GHz 23 29

SAE EMI Level 4 4 -
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Figure 27. I/O AC characteristics definition 

5.3.14 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up 
resistor, RPU (see Table 35).

Unless otherwise specified, the parameters given in Table 38 are derived from tests 
performed under the ambient temperature and VDD supply voltage conditions summarized 
in Table 9. 

          

Table 38. NRST pin characteristics  

Symbol Parameter Conditions Min Typ Max Unit

VIL(NRST)
(1)

1. Guaranteed by design, not tested in production.

NRST Input low level voltage - –0.5 - 0.8
V

VIH(NRST)
(1) NRST Input high level voltage - 2 - VDD+0.5

Vhys(NRST)
NRST Schmitt trigger voltage 
hysteresis 

- - 200 - mV

RPU Weak pull-up equivalent resistor(2)

2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution 
to the series resistance must be minimum (~10% order).

VIN = VSS 30 40 50 kΩ

VF(NRST)
(1) NRST Input filtered pulse - - - 100 ns

VNF(NRST)
(1) NRST Input not filtered pulse - 300 - - ns
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Figure 35. Typical connection diagram using the ADC

1. Refer to Table 46 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 will downgrade conversion accuracy. To remedy 
this, fADC should be reduced.

General PCB design guidelines

Power supply decoupling should be performed as shown inFigure 36 or Figure 37, 
depending on whether VREF+ is connected to VDDA or not. The 10 nF capacitors should be 
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 36. Power supply and reference decoupling (VREF+ not connected to VDDA)

1. The VREF+ input is available only on the TFBGA64 package.

ai14150c

STM32F103xxVDD

AINx

IL±1 µA

0.6 V
VT

RAIN
(1)

CparasiticVAIN

0.6 V
VT

RADC
(1)

12-bit
converter

CADC(1)

Sample and hold ADC
converter
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Figure 39. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch 
quad flat package recommended footprint

1. Dimensions are expressed in millimeters.
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Device Marking for LQFP48

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

Figure 52. LQFP48 marking example (package view

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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7 Ordering information scheme

          

For a list of available options (speed, package, etc.) or for further information on any aspect 
of this device, please contact your nearest ST sales office.

Table 58. Ordering information scheme 
 
Example:                                                                   STM32     F   103 C    4          T     7     A    xxx

Device family

STM32 = ARM®-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

103 = performance line

Pin count

T = 36 pins

C = 48 pins

R = 64 pins

Flash memory size

4 = 16 Kbytes of Flash memory

6 = 32 Kbytes of Flash memory

Package

H = BGA

T = LQFP

U = VFQFPN or UFQFPN

Temperature range

6 = Industrial temperature range, –40 to 85 °C.

7 = Industrial temperature range, –40 to 105 °C.

Internal code

“A” or blank

Options

xxx = programmed parts

TR = tape and real


