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Description

The STM32F103x4 and STM32F103x6 performance line family incorporates the high-
performance ARM® Cortex™-M3 32-bit RISC core operating at a 72 MHz frequency, high-
speed embedded memories (Flash memory up to 32 Kbytes and SRAM up to 6 Kbytes),
and an extensive range of enhanced 1/0Os and peripherals connected to two APB buses. All
devices offer two 12-bit ADCs, three general purpose 16-bit timers plus one PWM timer, as
well as standard and advanced communication interfaces: up to two 1°Cs and SPIs, three
USARTSs, an USB and a CAN.

The STM32F103xx low-density performance line family operates from a 2.0 to 3.6 V power
supply. It is available in both the —40 to +85 °C temperature range and the —40 to +105 °C
extended temperature range. A comprehensive set of power-saving mode allows the design
of low-power applications.

The STM32F103xx low-density performance line family includes devices in four different
package types: from 36 pins to 64 pins. Depending on the device chosen, different sets of
peripherals are included, the description below gives an overview of the complete range of
peripherals proposed in this family.

These features make the STM32F103xx low-density performance line microcontroller family
suitable for a wide range of applications such as motor drives, application control, medical
and handheld equipment, PC and gaming peripherals, GPS platforms, industrial
applications, PLCs, inverters, printers, scanners, alarm systems, video intercoms, and
HVACs.

3
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Description

Figure 2. Clock tree
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When the HSI is used as a PLL clock input, the maximum system clock frequency that can be achieved is

64 MHz.

For the USB function to be available, both HSE and PLL must be enabled, with USBCLK running at 48

MHz.

To have an ADC conversion time of 1 ps, APB2 must be at 14 MHz, 28 MHz or 56 MHz.
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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, 12C, USART, general-purpose and
advanced-control timers TIMx and ADC.

RTC (real-time clock) and backup registers

The RTC and the backup registers are supplied through a switch that takes power either on
Vpp supply when present or through the Vgt pin. The backup registers are ten 16-bit
registers used to store 20 bytes of user application data when Vpp 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.

Timers and watchdogs

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

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

Table 4. Timer feature comparison

Counter | Counter | Prescaler | DMArequest | Capture/compare | Complementary

Timer . ;
" | resolution type factor generation channels outputs

Up, Any integer
TIM1 16-bit down, between 1 Yes 4 Yes
up/down | and 65536

uUp, Any integer
16-bit down, between 1 Yes 4 No
up/down | and 65536

TIMZ2,
TIM3

3
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Pinouts and pin description

Figure 7. STM32F103xx performance line VFQFPN36 pinout
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Pinouts and pin description STM32F103x4, STM32F103x6

Table 5. Low-density STM32F103xx pin definitions

Pins _ Alternate functions®
~® < | @ <) % Main
Rz 3 | £ 2 Pin name Q E function®
e i O 2 | o | (after reset) Default Remap
oolCo | RO =
257 |F |5 -
1 |1 |B2] - VAT s |- VAT - -
2 | 2 |A2] - PC%I(A:'EQ)P ER- 1o | - pc13©) TAMPER-RTC -
3 |3 |A1] - OS(F;§21_4I-N(5) /o | - pC14®) 0SC32_IN -
4 | 4 |B1]| - osczg_lg_uﬂ@ /o | - PC15(®) 0SC32_0ouT -
5 | 5 |Cl]| 2 OSC_IN I - OSC_IN - PDO(")
6 | 6 |D1| 3 0SC_OuUT o| - | osc our - pPD1("
7 | 7 |E1| 4 NRST /o | - NRST -
- | 8 |E3]| - PCO /o | - PCO ADC12_IN10 -
- |9 |E2]| - PC1 /o | - PC1 ADC12_IN11 -
- |10 F2 | - PC2 /o | - PC2 ADC12_IN12 -
ol o- |- PC3 /o | - PC3 ADC12_IN13 -
- - |Gl - Vrer® S| - VREF+ - -
8 |12 |F1|5 Vssa S| - Vssa - -
9 |13 |HL1| 6 Vbpa S| - VoA - -

WKUP/USART2_CTS/
10 |14 [G2| 7 | PAO-WKUP |l/O] - PAO ADC12_INO/ -
TIM2_CH1_ETR®)

USART2_RTS/

11 |15 |H2 | 8 PAL /o | - PA1 ADC12. INL/ TIM2. CH2® -
USART2_TX/

12 |16 [ F3 | 9 PA2 o\ - PA2 ADC12. IN2/ TIM2. CH3® -
USART2_RX/

13 | 17 | G3 | 10 PA3 /o | - PA3 ADC12. IN3TIM2. CHA® -

- |18 |c2| - Vss 4 s | - Vss 4 - -

- |19 |D2]| - VoD 4 s | - Vb4 - -
SPI1_NSSO)y

14 | 20 |H3 | 11 PA4 /o | - PA4 USART2. CKIADC1Z. IN4 -

15 | 21 | F4 | 12 PA5 o\ - PA5 SPI1_SCK®/ ADC12_IN5 -
SPI1_MISO®)

16 | 22 | G4 |13 PAG /o | - PA6 ADC12. ING/TIM3_CHL® TIM1_BKIN
SPI1_MOSI®)

17 | 23 | H4 | 14 PA7 o | - PA7 ADC12 IN7/TIM3_CH2® | TIML_CHIN

- |24 |H5 | - PC4 /o | - PC4 ADC12_IN14 -

- |25 |H6 | - PC5 /o | - PC5 ADC12_IN15 -

26/99 DoclD15060 Rev 7 ‘Yl
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Pinouts and pin description

Table 5. Low-density STM32F103xx pin definitions (continued)

Pins . Alternate functions®
@ < | @ a % Main
Xz 3 L 2 Pin name ¢ | @ | function®
efl ko 2 | o | (after reset) Default Remap
oolo | B O g
L i
18 | 26 | F5 | 15 PBO /o | - PBO ADC12_IN8/TIM3_CH3® [ TIM1_CH2N
19 | 27 | G5 | 16 PB1 /o | - PB1 ADC12_IN9/TIM3_CH4® | TIM1_CH3N
20 | 28 | G6 | 17 PB2 /O | FT | PB2/BOOT1 - -
21 |29 |G7 | - PB10 /O | FT PB10 - TIM2_CH3
22 |30 |H7 | - PB11 /O | FT PB11 - TIM2_CH4
23 | 31| D6 |18 Vss 1 S| - Vss 1 - -
24 | 32 | E6 | 19 Vop 1 s | - Vop 1 - -
25 |33 | H8 | - PB12 /O | FT PB12 TIM1_BKIN®) -
26 | 34 |G8| - PB13 /O | FT PB13 TIM1_CH1IN ©) -
27 |35 | F8 | - PB14 /O | FT PB14 TIM1_CH2N ©) -
28 |36 | F7 | - PB15 /O | FT PB15 TIM1_CH3N® -
- |37 |F6| - PC6 /O | FT PC6 - TIM3_CH1
- |38 |E7| - PC7 /O | FT PC7 - TIM3_CH?2
- |39 |E8| - PC8 /O | FT PC8 - TIM3_CH3
- | 40 | D8 | - PC9 /O | FT PC9 - TIM3_CH4
29 | 41| D7 |20 PA8 /O | FT PA8 TxﬂslA_ELll—”\CA*gO -
©)
30 |42 |c7 |21 PA9 Vo | FT PA9 Ufl’m}—ggg)/ ]
31 | 43| C6 |22 PA10 /O | FT PA10 USART1_RX®)/ TIM1_CH3 -
©)
32 | 44| cC8|23 PA11 /O | FT PA11 Us'f‘nRJ 11:8;?/ /%/;';B?\Ax / -
USART1_RTS/CAN_TX®
33 | 45 | B8 | 24 PA12 /O | FT PA12 / -
TIM1_ETR/ USBDP
34 | 46 | A8 | 25 PA13 /O | FT | JTMS/SWDIO PA13
35 | 47 | D5 | 26 Vss 2 S| - Vss 2 - -
36 | 48 | E5 | 27 Vop 2 S| - Vop 2 - -
37 | 49 | A7 | 28 PA14 I/O | FT | JTCK/SWCLK - PA14
TIM2_CH1_ETR/

38 | 50 | A6 | 29 PA15 /O | FT JTDI - PA15 /

SPI1_NSS
- |51 |B7| - PC10 /O | FT PC10 - -
- |52 |B6| - PC11 /O | FT PC11 - -
- | s3|c5| - PC12 /O | FT PC12 - -
- | - Jc12 PDO /O | FT PDO - -
‘Y_l DocID15060 Rev 7 27/99
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Memory mapping

The memory map is shown in Figure 8.

Figure 8. Memory map
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Electrical characteristics

Figure 9. Pin loading conditions
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5.1.6 Power supply scheme
Figure 11. Power supply scheme
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In Figure 11, the 4.7 pF capacitor must be connected to Vpps.
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Electrical characteristics STM32F103x4, STM32F103x6

Table 9. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit
Voot
Standard 10 0.3 03
Vin I/0 input voltage ET 100 2V<Vpp=36V | -03 | 55 %
Vpp=2V -0.3 5.2
BOOTO 0 5.5
TFBGAG4 - 308
L LQFP64 - 444
Power dissipation at Ty = QFPS
Pp 85 °C for suffix 6 czr)TA = LQFP48 - 363 mw
o 1 4
105 °C for suffix 7 UFQFPN4S i 624
VFQFPN36 - 1000
Ambient temperature for 6 Maximum power dissipation | —40 85
suffix version Low power dissipation® —-40 | 105
TA
Ambient temperature for 7 Maximum power dissipation | —40 105 o
suffix version Low power dissipation® 40 | 125
6 suffix version -40 105
TJ Junction temperature range
7 suffix version -40 125

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

2. ltis recommended to power Vpp and Vppa from the same source. A maximum difference of 300 mV
between Vpp and Vppa can be tolerated during power-up and operation.

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

If T is lower, higher P, values are allowed as long as T; does not exceed Tjmax (see Table 6.6: Thermal
characteristics on page 92).

5. Inlow power dissipation state, T, can be extended to this range as long as T; does not exceed Tjmax (see
Table 6.6: Thermal characteristics on page 92).

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

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 ¥
tvop - Hs/V
Vpp fall time rate 20 ¥
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 Vpp supply voltage conditions summarized in Table 9.

3

34/99 DoclD15060 Rev 7




Electrical characteristics STM32F103x4, STM32F103x6

Table 16. Typical and maximum current consumptions in Stop and Standby modes

Typ® Max
Symbol | Parameter Conditions Tp = Uni
Voo/Vea | Voo/Vea | Voo/Vea | Ta = 1OAS o t
7=20V|1=24V|1=33V|85°C C
Regulator in Run mode, low-speed
and. high-speed .|nternal RC . ) 21.3 21.7 160 | 200
oscillators and high-speed oscillator
Supply OFF (no independent watchdog)
current in -
Stop mode Regulator |n_Low Powe_r mode, low-
spe_ed and hlgh-'speed |nterna! RC ) 113 1.7 145 | 185
oscillators and high-speed oscillator
| OFF (no independent watchdog)
DD
Low-speed internal RC oscillator ) 275 34 i )
and independent watchdog ON ' ' HA
Supply . Low-speed internal RC oscillator
current in ON, independent watchdog OFF ) 2.55 3.2 i )
Standby ' P 9
mode Low-speed internal RC oscillator
and independent watchdog OFF, - 1.55 1.9 3.2 45
low-speed oscillator and RTC OFF
Backup
op_vea | domain Low-speed oscillator and RTC ON 0.9 1.1 1.4 [1.9@| 22
T supply
current

1. Typical values are measured at Tp = 25 °C.

2. Based on characterization, not tested in production.

Figure 15. Typical current consumption on Vgat with RTC on versus temperature at different
Vgat Values

2.5 -

< 2

- X

_5 1.5 X/X A 2V
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3 —X—3V
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0
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Table 22. HSE 4-16 MHz oscillator characteristics® (@)

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc_In | Oscillator frequency - 4 8 16 MHz
Re Feedback resistor - - 200 - kQ

Recommended load capacitance
C versus equivalent serial Rg=30Q - 30 - pF
resistance of the crystal (RS)(3)

. .. VDD:3'3 V, V|N:VSS _ _
i HSE driving current with 30 pF load 1 mA

Im Oscillator transconductance Startup 25 - - mA/NV

tsuse'™ | startup time Vpp is stabilized - 2 - ms

Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Based on characterization, not tested in production.

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.

4. tsypsk) 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

For C, 4 and C, », 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 21). C, 4 and C, 5 are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C ; and C|,. 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
C_1 and C|,. Refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

Figure 21. Typical application with an 8 MHz crystal

Resonator with

integrated capacitors
. rL OSC_N fHSE
I Bias

controlled
gain

STM32F103xx

ai14145

1. Rgxr value depends on the crystal characteristics.
Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz 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

DoclD15060 Rev 7 ‘Yl
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Electrical characteristics

3

Low-speed internal (LSI) RC oscillator

Table 25. LSl oscillator characteristics @

Symbol Parameter Min Typ Max Unit
fLg® Frequency 30 40 60 kHz

tsu(Ls|)(3) LSI oscillator startup time - - 85 ps

IDD(LSI)(3) LSI oscillator power consumption - 0.65 12 HA

1. Vpp =3V, Tp =-40to 105 °C unless otherwise specified.

Based on characterization, not tested in production.

Guaranteed by design, not tested in production.

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:

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

e 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 Vpp supply
voltage conditions summarized in Table 9.
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Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

Table 32. ESD absolute maximum ratings

Symbol

Ratings

Conditions Class

Maximum value® | Unit

VESD(HBM)

Electrostatic discharge
voltage (human body model)

Tp=+25°C
conforming to 2
JESD22-Al14

2000

VEsp(com)

Electrostatic discharge Tpo=+25°C
voltage (charge device conforming to Il

model)

JESD22-C101

500

1. Based on characterization results, not tested in production.

Static latch-up

Two complementary static tests are required on six parts to assess the latch-up
performance:

e A supply overvoltage is applied to each power supply pin
e A current injection is applied to each input, output and configurable 1/0O pin

These tests are compliant with EIA/JJESD 78A IC latch-up standard.

Table 33. Electrical sensitivities

Symbol

Parameter

Conditions

Class

LU

Static latch-up class

Tp= +105 °C conforming to JESD78A Il level A
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5.3.13 I/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 35 are derived from tests
performed under the conditions summarized in Table 9. All I/Os are CMOS and TTL

compliant.
Table 35. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
Standard 10
input low level - - | 0.28%(Vpp-2 V)+0.8 v
voltage
Vi Low level input voltage | 10 FT* input i - | 0.32¢(vpp-2v)+0.75 v@
low level voltage
All I/Os except @
BOOTO ) ) 0-35Vpp
Standard 10 \
input high level |0.41*(Vpp-2 V)+1.3 VD | - -
voltage
v High level input 10 FT®) input
IH " |yvoltage high level 0.42*(Vpp-2 V)+1 VD | - -
voltage
All'I/Os except @)
BOOTO 0.65Vpp - -
Standard 10 Schmitt
trigger voltage - 200 - -
Viys hysteresis) mv
IO FT Schmitt trigger ) 0 ) i i
voltage hysteresis(® 5% Vpbp
Vss<ViN<Vpp i i 1
Input leakage current | Standard I/Os
kg | (6) — HA
ViN=5V i i 3
IO FT
Weak pull-up B
Reu equivalent resistor(") ViN=Vss 30 40 50 “
Weak pull-down
Rep equivalent resistor(”) Vin=VoD 30 40 50
Cio |l/O pin capacitance - - 5 - pF

1. Data based on design simulation.

2. Tested in production.

3. FT = Five-volt tolerant. In order to sustain a voltage higher than Vpp+0.3 the internal pull-up/pull-down resistors must be
disabled.

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

5. With a minimum of 100 mV.

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

7. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This

PMOS/NMOS contribution to the series resistance is minimum (~10% order).
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Figure 25. 5 V tolerant I/O input characteristics - CMOS port
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Figure 26. 5V tolerant I/O input characteristics - TTL port
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5.3.16 Communications interfaces

I2C interface characteristics

The STM32F103xx performance line I°C interface meets the requirements of the standard
I>C 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/0 pin and Vpp is disabled, but is still present.

The I°C characteristics are described in Table 40. Refer also to Section 5.3.12: 1/O current
injection characteristics for more details on the input/output alternate function characteristics

(SDA and SCL).

Table 40. I2C characteristics

Stanlggzg)(rz?ode Fast mode 12C(D@)
Symbol Parameter Unit
Min Max Min Max
tyscLy | SCL clock low time 4.7 - 13 - s
tyscLr) | SCL clock high time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900
f(SDA) | SDA and SCL rise time . 1000 . 300 ns
trscL)
sDA) | SDA and SCL fall time . 300 . 300
tiscu)
th(sTA) Start condition hold time 4.0 - 0.6 -
Repeated Start condition HS
bsu(sTA) setup time 4T i 0.6 i
tsusTo) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time
tW(STO:STA) (bUS free) 4.7 - 13 - us
C I(i:naepacmve load for each bus i 400 i 400 OF

Guaranteed by design, not tested in production.

fpcLk1 Must be at Ieast 2 MHz to achieve standard mode I1°C frequencies. It must be at least 4 MHz to
achieve fast mode 1°C frequencies. It must be a multiple of 10 MHz to reach the 400 kHz maximum [2C

fast mode clock.

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

signal.
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Figure 39. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch
guad flat package recommended footprint
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6.2

3

UFQFPN48 package information

Figure 41. UFQFPN48 - 48-lead, 7x7 mm, 0.5 mm pitch, ultra thin fine pitch quad flat
package outline
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Drawing is not to scale.
All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

There is an exposed die pad on the underside of the UFQFPN package. It is recommended to connect and
solder this back-side pad to PCB ground.
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Table 59. Document revision history (continued)

Date Revision Changes

Added VFQFPN48 package.

Updated note 2 below Table 40: I12C characteristics

20-May-2010 4 Updated Figure 29: 12C bus AC waveforms and measurement circuit
Updated Figure 28: Recommended NRST pin protection

Updated Section 5.3.12: 1/O current injection characteristics

Updated footnotes below Table 6: Voltage characteristics on page 32 and Table 7:
Current characteristics on page 33

Updated tw min in Table 20: High-speed external user clock characteristics on
page 46

Updated startup time in Table 23: LSE oscillator characteristics (f, g = 32.768 kHz)
on page 49

Added Section 5.3.12: I/O current injection characteristics

Updated Section 5.3.13: 1/O port characteristics

19-Apr-2011 5
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