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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 STM32F103x4, STM32F103x6

This hardware block provides flexible interrupt management features with minimal interrupt
latency.

2.3.6 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 19 edge detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 51 GPIOs can be connected
to the 16 external interrupt lines.

2.3.7 Clocks and startup

System clock selection is performed on startup, however the internal RC 8 MHz oscillator is
selected as default CPU clock on reset. An external 4-16 MHz clock can be selected, in
which case it is monitored for failure. If failure is detected, the system automatically switches
back to the internal RC oscillator. A software interrupt is generated if enabled. Similarly, full
interrupt management of the PLL clock entry is available when necessary (for example on
failure of an indirectly used external crystal, resonator or oscillator).

Several prescalers allow the configuration of the AHB frequency, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the AHB and
the high-speed APB domains is 72 MHz. The maximum allowed frequency of the low-speed
APB domain is 36 MHz. See Figure 2 for details on the clock tree.

2.3.8 Boot modes

At startup, boot pins are used to select one of three boot options:
e Boot from User Flash

e  Boot from System Memory

e Boot from embedded SRAM

The boot loader is located in System Memory. It is used to reprogram the Flash memory by
using USART1. For further details please refer to AN2606.

2.3.9 Power supply schemes
e Vpp=2.0to 3.6 V: external power supply for I/Os and the internal regulator.
Provided externally through Vpp pins.

e Vgsa, Vppa = 2.0to 3.6 V: external analog power supplies for ADC, reset blocks, RCs
and PLL (minimum voltage to be applied to Vppa is 2.4 V when the ADC is used).
Vppa and Vggp must be connected to Vpp and Vg, respectively.

e Vgar=1.81t0 3.6 V: power supply for RTC, external clock 32 kHz oscillator and backup
registers (through power switch) when Vpp is not present.

For more details on how to connect power pins, refer to Figure 11: Power supply scheme.

2.3.10 Power supply supervisor

The device has an integrated power-on reset (POR)/power-down reset (PDR) circuitry. It is
always active, and ensures proper operation starting from/down to 2 V. The device remains
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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




Electrical characteristics STM32F103x4, STM32F103x6

5 Electrical characteristics

5.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

511 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 Tp = 25 °C and T = 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%30).

5.1.2 Typical values

Unless otherwise specified, typical data are based on T = 25 °C, Vpp = 3.3 V (for the
2V <Vpp < 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+20).

5.1.3 Typical curves

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

514 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.

3
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5.1.7 Current consumption measurement

Figure 12. Current consumption measurement scheme
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 6: Voltage characteristics,
Table 7: Current characteristics, and Table 8: 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 6. Voltage characteristics

Symbol Ratings Min Max Unit
External main supply voltage (including
Vpp -V -0.3 4.0
DD 7SS 1 Vppa and Vpp)®
V@ Input voltage on five volt tolerant pin Vgg—-0.3 Vpp +4.0 v
IN :
Input voltage on any other pin Vgg —0.3 4.0
[AVppx| | Variations between different Vpp power pins - 50
Variations between all the different ground mvV
IVssx—Vssl | g - 50
pins
Electrostatic discharge voltage (human body see Secﬂon 5'.3'11: Abso!ute
VESD(HBM) model) maximum ratings (electrical -
sensitivity)

1. Allmain power (Vpp, Vppa) and ground (Vss, Vsspa) pins must always be connected to the external power
supply, in the permitted range.

2. V;y maximum must always be respected. Refer to Table 7: Current characteristics for the maximum
allowed injected current values.

3
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Figure 19. High-speed external clock source AC timing diagram

\ t t
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Figure 20. Low-speed external clock source AC timing diagram

e - — L t
tr(LSE) g tf(LSE) I tW(LSE) . W(LSE)
T gg——»
f
EXTERNAL LSE_ext |
CLOCK SOURCE OSC32_IN L
S —  STM32F103xx
ai14144b
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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 22. 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).

DocID15060 Rev 7 47/99
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Table 28. Flash memory characteristics (continued)

Symbol Parameter Conditions Min@ | Typ | Max® | unit
Read mode
fucLk = 72 MHz with 2 wait - - 20 mA
states, Vpp =3.3V
Ibb Supply current Write / Erase modes i i 5 mA
fHCLK =72 MHz, VDD =33V
Power-down mode / Halt,
Vpp =3.0t03.6V ; ; 50 | A
Vprog | Programming voltage - 2 - 3.6 \%
1. Guaranteed by design, not tested in production.
Table 29. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min® | Typ | Max
Tp = —40 to +85 °C (6 suffix versions)
Nenp | Endurance ) . 10 - - kcycles
Ta =—40 to +105 °C (7 suffix versions)
1 keycle® at T, = 85 °C 30 - -
trer |Data retention |1 kcycle® at T, =105 °C 10 - - | Years
10 keycles® at T, = 55 °C 20 - -

1. Based on characterization, not tested in production.

2. Cycling performed over the whole temperature range.

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 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:
e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until

a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 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.

DoclD15060 Rev 7
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 27 and

Table 37, respectively.

Unless otherwise specified, the parameters given in Table 37 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 9.
Table 37. 1/0 AC characteristics(?
MODEX[1:0
] bit Symbol Parameter Conditions Min | Max | Unit
value®
Maximum
fmax(IO)out frequency(z) CL =50 pF, VDD =2Vto3.6V - 2 MHz
Output high to low @3)
10 fito)out | jevel fall time 125
. C_L=50pF Vpp=2V1t03.6V ns
¢ Output low to high - 1250
r(10)out | jevel rise time
Maximum
fmax(0)out frequency® C_=50pF Vpp=2Vto36V - 10 |MHz
Output high to low 3)
0l fio)out | jevel fall time 25
. C_=50pF Vpp=2Vto3.6V ns
¢ Output low to high - | 253
r(I0)out | jevel rise time
C_=30pF Vpp=2.7Vto i
36V 50 |MHz
Fmax(|o)ou Maximum — —
A frequency® g,é—vSO PR, Vpp = 2.7Vt - | 30 |MHz
CL=50pF Vpp=2Vto2.7V - 20 |MHz
C_.=30pF, Vpp=2.7Vto i 53
3.6V
Output high to low — —
11 tf(IO)out |eVe| fa” tlme CL - 50 pF, VDD - 27 V ’[O _ 8(3)
3.6V
C_L=50pF, Vpp=2Vto27V | - [ 120
ns
C_=30pF, Vpp=2.7Vto i 53
3.6V
Output low to high — =
t1o)out | jevel rise time €L =50 pF, Vpp =2.7 Vo - | 8®
3.6V
C_L=50pF, Vpp=2Vto27V | - [ 120
Pulse width of
external signals
- tEXTIpw 9 - 0] - ns

detected by the EXTI
controller

1. The I/O speed is configured using the MODEX[1:0] bits. Refer to the STM32F10xxx reference manual for a
description of GPIO Port configuration register.

The maximum frequency is defined in Figure 27.

3. Guaranteed by design, not tested in production.
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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.

64/99 DoclD15060 Rev 7
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Table 49. ADC accuracy® ) (3)

Symbol Parameter Test conditions Typ Max® | Unit
ET Total unadjusted error +2 +5
fPCLKZ =56 MHZ,
EO Offset error fapc = 14 MHz, Ry < 10 kQ 1.5 25
EG Gain error Vppa=24V1t03.6V +1.5 +3 LSB
ED Differential linearity error Measurta_meqts made after +1 +2
ADC calibration
EL Integral linearity error +1.5 +3

ADC DC accuracy values are measured after internal calibration.
Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

ADC Accuracy vs. Negative Injection Current: Injecting negative current on any of the standard (non-
robust) analog input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to ground) to
standard analog pins which may potentially inject negative current.

Any positive injection current within the limits specified for Iy iy and Zlieiny in Section 5.3.12 does not
affect the ADC accuracy.

Based on characterization, not tested in production.

Figure 34. ADC accuracy characteristics

R e -
4094 —
4093

V V
1LSB, =-REF+ 5 DDA 4onending on package
[ IDEAL =095 ( 2006 %P g on package)]

(1) Example of an actual transfer curve
(2) The ideal transfer curve
(3) End point correlation line

Er=Total Unadjusted Error: maximum deviation
between the actual and the ideal transfer curves.
Eo=O0ffset 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.

Ep=Differential Linearity Error: maximum deviation
between actual steps and the ideal one.

E_ =Integral Linearity Error: maximum deviation
between any actual transition and the end point
correlation line.

[ A B

1 T 1

1 2 3 4 5 6 7 4093 4094 4095 4096

Vssa Vobpa ai14395b
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Figure 35. Typical connection diagram using the ADC

VDD STM32F103xx
Sample and hold ADC
Sl;ls'v converter
1 : (1)
Ran( AINX Rabc 12-bit
] * i converter
- L1 pA

Cparasitic VT
T |17 L=
— — —_

ai14150c

Refer to Table 46 for the values of Ry, Rapc and Cppc.

2. Cparasitic 'epresents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 7 pF). A high Cp,rasitic value will downgrade conversion accuracy. To remedy
this, fapc should be reduced.

General PCB design guidelines

Power supply decoupling should be performed as shown inFigure 36 or Figure 37,
depending on whether Vrgg+ is connected to Vppa 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 (Vgrgg+ not connected to Vppa)

STM32F103xx

o
:l (see note 1)

I 1

1WF//10nF VDA
1 yF // 10 nF _l_
Vssa
I o ]
ai15887
1. The Vg, input is available only on the TFBGA64 package.
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Figure 37. Power supply and reference decoupling(Vggg+ connected to Vppa)

1uF//10nF _——

I !

I 1

JVssa

STM32F103x4/6

]Vopa/VRer, (see note 1

ai15888
1. The Vggg, input is available only on the TFBGA64 package.
Temperature sensor characteristics
Table 50. TS characteristics
Symbol Parameter Min Typ Max Unit
T,_(l) Vsense linearity with temperature - #H 2 °C
Avg_SIope(l) Average slope 4.0 4.3 4.6 mV/°C
Vo5 Voltage at 25 °C 1.34 | 143 | 152 Y%
tsTART Startup time 4 - 10 Hs
) ADC sampling time when reading the i i
Ts_temp temperature 171 HS

Based on characterization, not tested in production.

Guaranteed by design, not tested in production.

Shortest sampling time can be determined in the application by multiple iterations.
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STM32F103x4, STM32F103x6 Package information

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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Package information STM32F103x4, STM32F103x6

6.3 LQFP64 package information
Figure 44. LQFP64 - 64-pin, 10 x 10 mm low-profile quad flat package outline
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1. Drawing is not to scale.
Table 53. LQFP64 - 64-pin, 10 x 10 mm low-profile quad flat
package mechanical data
millimeters inches®
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
Al 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D - 12.000 - - 0.4724 -
D1 - 10.000 - - 0.3937 -
D3 - 7.500 - - 0.2953 -
E - 12.000 - - 0.4724 -
El - 10.000 - - 0.3937 -
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Package information STM32F103x4, STM32F103x6

Device Marking for LQFP64

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

Figure 46. LQFP64 marking example (package view

Product identification(1)

— » |STM32F103
A RYTLA

| _— Date code = year + week

Pin 1 identification

— \“ m @ | Revision code

MSv36784V1

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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6.5 LQFP48 package information
Figure 50. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Using the values obtained in Table 57 T, is calculated as follows:
—  For LQFP64, 45 °C/W
Timax = 115 °C + (45 °C/W x 134 mW) = 115 °C + 6.03 °C = 121.03 °C

This is within the range of the suffix 7 version parts (-40 < T; < 125 °C).

In this case, parts must be ordered at least with the temperature range suffix 7 (see
Table 58: Ordering information scheme).

Figure 53. LQFP64 Pp max vs. Tp
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Revision history

STM32F103x4, STM32F103x6

Table 59. Document revision history (continued)

Date Revision Changes

Replaced VQFN48 package with UQFN48 in cover page packages, Table 2:
STM32F103xx low-density device features and peripheral counts, Figure 6:
STM32F103xx performance line UFQFPNA48 pinout, Table 5: Low-density
STM32F103xx pin definitions, Table 58: Ordering information scheme, updated
Table 9: General operating conditions, updated Table 57: Package thermal
characteristics, added Figure 41: UFQFPN48 7 x 7 mm, 0.5 mm pitch, package
outline and Table 52: UFQFPN48 7 x 7 mm, 0.5 mm pitch, package mechanical
data
Added footnote for TFBGA ADC channels in Table 2: STM32F103xx low-density
device features and peripheral counts
Updated ‘All GPIOs are high current...” in Section 2.3.21: GPIOs (general-purpose
inputs/outputs)
Updated Table 5: Low-density STM32F103xx pin definitions
Corrected Sigma letter in Section 5.1.1: Minimum and maximum values
Updated Table 7: Current characteristics
Added V' in Table 9: General operating conditions

14-May-2013 6 Removed the first sentence in Section 5.3.16: Communications interfaces
Updated first sentence in Output driving current
Added note 5. in Table 24: HSI oscillator characteristics
Updated 'V, ' and ‘V|y' in Table 35: /O static characteristics
Added notes to Figure 23: Standard I/O input characteristics - CMOS port,
Figure 24: Standard I/O input characteristics - TTL port, Figure 25: 5 V tolerant I/O
input characteristics - CMOS port and Figure 26: 5 V tolerant I/O input
characteristics - TTL port
Updated Figure 29: I2C bus AC waveforms and measurement circuit
Updated note 2. and 3.,removed note “the device must internally...” in Table 40: 12C
characteristics
Updated title of Table 41: SCL frequency (fpc k1= 36 MHz.,Vpp |2c = 3.3 V)
Updated note 2. in Table 49: ADC accuracy -
Updated Figure 47: TFBGAG64 - 8 x 8 active ball array, 5 x 5 mm, 0.5 mm pitch,
package outline and Table 54: TFBGAG64 - 8 x 8 active ball array, 5x 5 mm, 0.5 mm
pitch, package mechanical data
Added:
— Package’s marking pictures(Figure 40, Figure 43, Figure 46, Figure 49,

Figure 52)
01-June-2015 7

Updated:
— Table 40: I°C characteristics
— Section 6: Package information
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