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2.3.13 DMA

The flexible 7-channel general-purpose DMA is able to manage memory-to-memory, 
peripheral-to-memory and memory-to-peripheral transfers. The DMA controller supports 
circular buffer management avoiding the generation of interrupts when the controller 
reaches the end of the buffer.

Each channel is connected to dedicated hardware DMA requests, with support for software 
trigger on each channel. Configuration is made by software and transfer sizes between 
source and destination are independent.

The DMA can be used with the main peripherals: SPI, I2C, USART, general-purpose and 
advanced-control timers TIMx and ADC.

2.3.14 RTC (real-time clock) and backup registers

The RTC and the backup registers are supplied through a switch that takes power either on 
VDD supply when present or through the VBAT pin. The backup registers are ten 16-bit 
registers used to store 20 bytes of user application data when VDD power is not present.

The real-time clock provides a set of continuously running counters which can be used with 
suitable software to provide a clock calendar function, and provides an alarm interrupt and a 
periodic interrupt. It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the 
internal low-power RC oscillator or the high-speed external clock divided by 128. The 
internal low-power RC has a typical frequency of 40 kHz. The RTC can be calibrated using 
an external 512 Hz output to compensate for any natural crystal deviation. The RTC features 
a 32-bit programmable counter for long-term measurement using the Compare register to 
generate an alarm. A 20-bit prescaler is used for the time base clock and is by default 
configured to generate a time base of 1 second from a clock at 32.768 kHz. 

2.3.15 Timers and watchdogs

The medium-density STM32F103xx performance line devices include an advanced-control 
timer, three general-purpose timers, two watchdog timers and a SysTick timer.

Table 4 compares the features of the advanced-control and general-purpose timers.

         

Advanced-control timer (TIM1)

The advanced-control timer (TIM1) can be seen as a three-phase PWM multiplexed on 6 
channels. It has complementary PWM outputs with programmable inserted dead-times. It 

Table 4. Timer feature comparison

Timer
Counter 

resolution
Counter 

type
Prescaler 

factor
DMA request 
generation

Capture/compare 
channels

Complementary
outputs

TIM1 16-bit
Up, 

down, 
up/down

Any integer 
between 1 
and 65536

Yes 4 Yes

TIM2, 
TIM3, 
TIM4

16-bit
Up, 

down, 
up/down

Any integer 
between 1 
and 65536

Yes 4 No
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Figure 1. STM32F103xx performance line block diagram
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Figure 5. STM32F103xx performance line LQFP64 pinout
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Figure 7. STM32F103xx performance line LQFP48 pinout

Figure 8. STM32F103xx Performance Line VFQFPN36 pinout

44 43 42 41 40 39 38 37
36

35
34
33

32
31

30

29
28

27

26

25
2423

12
13 14 15 16 17 18 19 20 21 22

1

2

3

4

5

6 

7 

8 

9 

10

11

48 47 46 45

PA
3

PA
4

PA
5

PA
6

PA
7

P
B

0
P

B
1

P
B

2
P

B
10

P
B

11
V

S
S

_1
V

D
D

_1

VDD_2  
VSS_2  
PA13  
PA12  
PA11  
PA10  
PA9  
PA8  
PB15  
PB14  
PB13  
PB12 

VBAT
PC13-TAMPER-RTC

PC14-OSC32_IN
PC15-OSC32_OUT

PD0-OSC_IN
PD1-OSC_OUT

NRST
VSSA
VDDA

PA0-WKUP
PA1
PA2

V
D

D
_3

  
V

S
S

_3
  

P
B

9 
 

P
B

8 
 

B
O

O
T

0 
 

P
B

7 
 

P
B

6 
 

P
B

5 
 

P
B

4 
 

P
B

3 
 

PA
15

  
PA

14
 

LQFP48

ai14393b

V
S

S
_3

B
O

O
T

0

P
B

7

P
B

6

P
B

5

P
B

4

P
B

3

PA
15

PA
14

36 35 34 33 32 31 30 29 28

VDD_3 1 27 VDD_2

OSC_IN/PD0 2 26 VSS_2

OSC_OUT/PD1 3 25 PA13

NRST 4

QFN36

24 PA12

VSSA 5 23 PA11

VDDA 6 22 PA10

PA0-WKUP 7 21 PA9

PA1 8 20 PA8

PA2 9 19 VDD_1

10 11 12 13 14 15 16 17 18

PA
3

PA
4

PA
5

PA
6

PA
7

P
B

0

P
B

1

P
B

2

V
S

S
_1

ai14654



STM32F103x8, STM32F103xB Electrical characteristics

Doc ID 13587 Rev 10 33/91

         

5.1.6 Power supply scheme

Figure 12. Power supply scheme

Caution: In Figure 12, the 4.7 µF capacitor must be connected to VDD3.

Figure 10. Pin loading conditions Figure 11. Pin input voltage
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5.3 Operating conditions

5.3.1 General operating conditions
         

Table 7. 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)(3)

2. IINJ(PIN) must never be exceeded. This is implicitly insured if VIN maximum is respected. If VIN maximum 
cannot be respected, the injection current must be limited externally to the IINJ(PIN) value. A positive 
injection is induced by VIN > VDD while a negative injection is induced by VIN < VSS. 

3. Negative injection disturbs the analog performance of the device. See note in Section 5.3.17: 12-bit ADC 
characteristics.

Injected current on NRST pin ± 5

Injected current on HSE OSC_IN and LSE OSC_IN pins ± 5

Injected current on any other pin(4)

4. When several inputs are submitted to a current injection, the maximum IINJ(PIN) is the absolute sum of the 
positive and negative injected currents (instantaneous values). These results are based on 
characterization with IINJ(PIN) maximum current injection on four I/O port pins of the device.

± 5

IINJ(PIN)
(2) Total injected current (sum of all I/O and control pins)(4) ± 25

Table 8. Thermal characteristics

Symbol Ratings  Value Unit

TSTG Storage temperature range –65 to +150 °C

TJ Maximum junction temperature 150 °C

Table 9. General operating conditions

Symbol Parameter  Conditions Min Max Unit

fHCLK Internal AHB clock frequency 0 72

MHzfPCLK1 Internal APB1 clock frequency 0 36

fPCLK2 Internal APB2 clock frequency 0 72

VDD Standard operating voltage 2 3.6 V

VDDA
(1)

Analog operating voltage
(ADC not used) Must be the same potential 

as VDD
(2)

2 3.6

V
Analog operating voltage
(ADC used)

2.4 3.6

VBAT Backup operating voltage 1.8 3.6 V
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5.3.2 Operating conditions at power-up / power-down

Subject to general operating conditions for TA.

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

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.

PD

Power dissipation at TA = 85 °C 
for suffix 6 or TA = 105 °C for 
suffix 7(3)

LFBGA100 454

mW

LQFP100 434

TFBGA64 308

LQFP64 444

LQFP48 363

VFQFPN36 1110

TA 

Ambient temperature for 6 
suffix version

Maximum power dissipation –40 85
°C

Low power dissipation(4) –40 105

Ambient temperature for 7 
suffix version

Maximum power dissipation –40 105
°C

Low power dissipation(4) –40 125

TJ Junction temperature range
6 suffix version –40 105

°C
7 suffix version –40 125

1. When the ADC is used, refer to Table 45: 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. If TA is lower, higher PD values are allowed as long as TJ does not exceed TJmax (see Table 6.2: Thermal 
characteristics on page 81).

4. In low power dissipation state, TA can be extended to this range as long as TJ does not exceed TJmax (see 
Table 6.2: Thermal characteristics on page 81).

Table 9. General operating conditions (continued)

Symbol Parameter  Conditions Min Max Unit

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate 0 
µs/V

VDD fall time rate 20 
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Table 13. Maximum current consumption in Run mode, code with data processing
running from Flash

Symbol Parameter Conditions fHCLK

Max(1)

1. Based on characterization, not tested in production.

Unit
TA = 85 °C TA = 105 °C

IDD
Supply current in 
Run mode

External clock(2), all 
peripherals enabled

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

72 MHz 50 50.3

mA

48 MHz 36.1 36.2

36 MHz 28.6 28.7

24 MHz 19.9 20.1

16 MHz 14.7 14.9

8 MHz 8.6 8.9

External clock(2), all 
peripherals disabled

72 MHz 32.8 32.9

48 MHz 24.4 24.5

36 MHz 19.8 19.9

24 MHz 13.9 14.2

16 MHz 10.7 11

8 MHz 6.8 7.1

Table 14. Maximum current consumption in Run mode, code with data processing
running from RAM

Symbol Parameter Conditions fHCLK

Max(1)

1. Based on characterization, tested in production at VDD max, fHCLK max.

Unit
TA = 85 °C TA = 105 °C

IDD

Supply 
current in 
Run mode

External clock(2), all 
peripherals enabled

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

72 MHz 48 50

mA

48 MHz 31.5 32

36 MHz 24 25.5

24 MHz 17.5 18

16 MHz 12.5 13

8 MHz 7.5 8

External clock(2), all 
peripherals disabled

72 MHz 29 29.5

48 MHz 20.5 21

36 MHz 16 16.5

24 MHz 11.5 12

16 MHz 8.5 9

8 MHz 5.5 6
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Typical current consumption

The MCU is placed under the following conditions:

● All I/O pins are in input mode with a static value at VDD or VSS (no load).

● All peripherals are disabled except if it is explicitly mentioned.

● The Flash access time is adjusted to fHCLK frequency (0 wait state from 0 to 24 MHz, 1 
wait state from 24 to 48 MHz and 2 wait states above).

● Ambient temperature and VDD supply voltage conditions summarized in Table 9.

● Prefetch is ON (Reminder: this bit must be set before clock setting and bus prescaling)

● When the peripherals are enabled fPCLK1 = fHCLK/4, fPCLK2 = fHCLK/2, fADCCLK = 
fPCLK2/4

         

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 36 27

mA

48 MHz 24.2 18.6

36 MHz 19 14.8

24 MHz 12.9 10.1

16 MHz 9.3 7.4

8 MHz 5.5 4.6

4 MHz 3.3 2.8

2 MHz 2.2 1.9

1 MHz 1.6 1.45

500 kHz 1.3 1.25

125 kHz 1.08 1.06

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

64 MHz 31.4 23.9

mA

48 MHz 23.5 17.9

36 MHz 18.3 14.1

24 MHz 12.2 9.5

16 MHz 8.5 6.8

8 MHz 4.9 4

4 MHz 2.7 2.2

2 MHz 1.6 1.4

1 MHz 1.02 0.9

500 kHz 0.73 0.67

125 kHz 0.5 0.48
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Table 29. Flash memory endurance and data retention

5.3.10 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through I/O ports). the 
device is stressed by two electromagnetic events until a failure occurs. The failure is 
indicated by the LEDs:

● Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until 
a functional disturbance occurs. This test is compliant with the IEC 1000-4-2 standard.

● FTB: A Burst of Fast Transient voltage (positive and negative) is applied to VDD and 
VSS through a 100 pF capacitor, until a functional disturbance occurs. This test is 
compliant with the IEC 1000-4-4 standard.

A device reset allows normal operations to be resumed. 

The test results are given in Table 30. They are based on the EMS levels and classes 
defined in application note AN1709.

IDD Supply current 

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

20 mA

Write / Erase modes 
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

1. Guaranteed by design, not tested in production.

Symbol Parameter  Conditions
Value

Unit
Min(1)

1. Based on characterization, not tested in production.

Typ Max

NEND Endurance
TA = –40 to +85 °C (6 suffix versions)
TA = –40 to +105 °C (7 suffix versions)

10 kcycles

tRET Data retention

1 kcycle(2) at TA = 85 °C

2. Cycling performed over the whole temperature range.

30

Years1 kcycle(2) at TA = 105 °C 10

10 kcycles(2) at TA = 55 °C 20

Table 28. Flash memory characteristics (continued)

Symbol Parameter  Conditions Min(1) Typ Max(1) Unit
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5.3.12 I/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 34 are derived from tests 
performed under the conditions summarized in Table 9. All I/Os are CMOS and TTL 
compliant.

         

All I/Os are CMOS and TTL compliant (no software configuration required), their 
characteristics consider the most strict CMOS-technology or TTL parameters:

● For VIH:

– if VDD is in the [2.00 V - 3.08 V] range: CMOS characteristics but TTL included

– if VDD is in the [3.08 V - 3.60 V] range: TTL characteristics but CMOS included

● For VIL:

– if VDD is in the [2.00 V - 2.28 V] range: TTL characteristics but CMOS included

– if VDD is in the [2.28 V - 3.60 V] range: CMOS characteristics but TTL included

Table 34. I/O static characteristics

Symbol Parameter Conditions Min Typ Max Unit

VIL Input low level voltage

TTL ports

–0.5 0.8

V

VIH

Standard IO input high level 
voltage

2 VDD+0.5

IO FT(1) input high level voltage

1. FT = Five-volt tolerant.

2 5.5V

VIL Input low level voltage
CMOS ports

–0.5 0.35 VDD
V

VIH Input high level voltage 0.65 VDD VDD+0.5

Vhys

Standard IO Schmitt trigger 
voltage hysteresis(2)

2. Hysteresis voltage between Schmitt trigger switching levels. Based on characterization, not tested in 
production.

200 mV

IO FT Schmitt trigger voltage 
hysteresis(2) 5% VDD

(3)

3. With a minimum of 100 mV.

mV

Ilkg Input leakage current (4)

4. Leakage could be higher than max. if negative current is injected on adjacent pins.

VSS  VIN  VDD
Standard I/Os

1

µA
VIN= 5 V
I/O FT

3

RPU
Weak pull-up equivalent 
resistor(5)

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

VIN VSS 30 40 50 k

RPD
Weak pull-down equivalent 
resistor(5) VIN VDD 30 40 50 k

CIO I/O pin capacitance 5 pF
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5.3.15 Communications interfaces

I2C interface characteristics

Unless otherwise specified, the parameters given in Table 39 are derived from tests 
performed under the ambient temperature, fPCLK1 frequency and VDD supply voltage 
conditions summarized in Table 9.

The STM32F103xx performance line I2C interface meets the requirements of the standard 
I2C communication protocol with the following restrictions: the I/O pins SDA and SCL are 
mapped to are not “true” open-drain. When configured as open-drain, the PMOS connected 
between the I/O pin and VDD is disabled, but is still present.

The I2C characteristics are described in Table 39. Refer also to Section 5.3.12: I/O port 
characteristics for more details on the input/output alternate function characteristics (SDA 
and SCL).

         

Table 39. I2C characteristics 

Symbol Parameter
Standard mode I2C(1)

1. Guaranteed by design, not tested in production.

Fast mode I2C(1)(2)

2. fPCLK1 must be higher than 2 MHz to achieve the maximum standard mode I2C frequency. It must be 
higher than 4 MHz to achieve the maximum fast mode I2C frequency.

Unit
Min Max Min Max

tw(SCLL) SCL clock low time 4.7 1.3 
µs

tw(SCLH) SCL clock high time 4.0 0.6 

tsu(SDA) SDA setup time 250 100 

ns

th(SDA) SDA data hold time 0(3)

3. The maximum hold time of the Start condition has only to be met if the interface does not stretch the low 
period of SCL signal.

0(4)

4. The device must internally provide a hold time of at least 300ns for the SDA signal in order to bridge the 
undefined region of the falling edge of SCL.

900(3)

tr(SDA)
tr(SCL)

SDA and SCL rise time 1000 20 + 0.1Cb 300

tf(SDA)
tf(SCL)

SDA and SCL fall time 300 300 

th(STA) Start condition hold time 4.0 0.6

µs
tsu(STA)

Repeated Start condition 
setup time

4.7 0.6 

tsu(STO) Stop condition setup time 4.0 0.6 s

tw(STO:STA)
Stop to Start condition time 
(bus free)

4.7 1.3 s

Cb
Capacitive load for each bus 
line

400 400 pF
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Figure 28. SPI timing diagram - master mode(1)

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

USB characteristics

The USB interface is USB-IF certified (Full Speed).

         

Table 42. USB startup time

Symbol Parameter  Max  Unit

tSTARTUP
(1)

1. Guaranteed by design, not tested in production.

USB transceiver startup time 1 µs
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6 Package characteristics

6.1 Package mechanical data
In order to meet environmental requirements, ST offers these devices in different grades of 
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK® 
specifications, grade definitions and product status are available at: www.st.com. 
ECOPACK® is an ST trademark.
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1. Drawing is not to scale.

2. The back-side pad is not internally connected to the VSS or VDD power pads.

3. There is an exposed die pad on the underside of the VFQFPN package. It should be soldered to the PCB. All leads should 
also be soldered to the PCB.

         

Figure 34. VFQFPN36 6 x 6 mm, 0.5 mm pitch, 
package outline(1)

Figure 35. Recommended footprint 
(dimensions in mm)(1)(2)(3)
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Table 50. VFQFPN36 6 x 6 mm, 0.5 mm pitch, package mechanical data

Symbol
millimeters inches(1)

Min Typ Max Min Typ Max

A 0.800 0.900 1.000 0.0315 0.0354 0.0394

A1 0.020 0.050 0.0008 0.0020

A2 0.650 1.000 0.0256 0.0394

A3 0.250 0.0098

b 0.180 0.230 0.300 0.0071 0.0091 0.0118

D 5.875 6.000 6.125 0.2313 0.2362 0.2411

D2 1.750 3.700 4.250 0.0689 0.1457 0.1673

E 5.875 6.000 6.125 0.2313 0.2362 0.2411

E2 1.750 3.700 4.250 0.0689 0.1457 0.1673

e 0.450 0.500 0.550 0.0177 0.0197 0.0217

L 0.350 0.550 0.750 0.0138 0.0217 0.0295

ddd 0.080 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Using the values obtained in Table 56 TJmax is calculated as follows:

– For LQFP100, 46 °C/W 

TJmax = 115 °C + (46 °C/W × 134 mW) = 115 °C + 6.2 °C = 121.2 °C

This is within the range of the suffix 7 version parts (–40 < TJ < 125 °C).

In this case, parts must be ordered at least with the temperature range suffix 7 (see 
Table 57: Ordering information scheme).

Figure 46. LQFP100 PD max vs. TA
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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 57. Ordering information scheme

Example: STM32 F 103 C 8 T 7 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
V = 100 pins

Flash memory size(1)

1. Although STM32F103x6 devices are not described in this datasheet, orderable part numbers that do not 
show the A internal code after temperature range code 6 or 7 should be referred to this datasheet for the 
electrical characteristics. The low-density datasheet only covers STM32F103x6 devices that feature the 
A code.

8 = 64 Kbytes of Flash memory
B = 128 Kbytes of Flash memory

Package
H = BGA
T = LQFP
U = VFQFPN

Temperature range
6 = Industrial temperature range, –40 to 85 °C.
7 = Industrial temperature range, –40 to 105 °C.

Options
xxx = programmed parts
TR = tape and real
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23-Apr-2009 10

I/O information clarified on page 1.
Figure 3: STM32F103xx performance line LFBGA100 ballout modified. 
Figure 9: Memory map modified. Table 4: Timer feature comparison 
added.
PB4, PB13, PB14, PB15, PB3/TRACESWO moved from Default 
column to Remap column in Table 5: Medium-density STM32F103xx 
pin definitions.

PD for LFBGA100 corrected in Table 9: General operating conditions.

Note modified in Table 13: Maximum current consumption in Run 
mode, code with data processing  running from Flash and Table 15: 
Maximum current consumption in Sleep mode, code running from 
Flash or RAM.
Table 20: High-speed external user clock characteristics and Table 21: 
Low-speed external user clock characteristics modified.
Figure 17 shows a typical curve (title modified). ACCHSI max values 
modified in Table 24: HSI oscillator characteristics.

TFBGA64 package added (see Table 54 and Table 42). Small text 
changes.

Table 58. Document revision history (continued)

Date Revision Changes


