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Description STM32F103x4, STM32F103x6
Figure 1. STM32F103xx performance line block diagram
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1. Tp=-40°Cto +105 °C (junction temperature up to 125 °C).
2. AF = alternate function on I/O port pin.
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STM32F103x4, STM32F103x6 Description

2311

2.3.12

Note:

3

in reset mode when Vpp is below a specified threshold, Vpogr/ppr, Without the need for an
external reset circuit.

The device features an embedded programmable voltage detector (PVD) that monitors the
Vpp/Vppa Power supply and compares it to the Vpyp threshold. An interrupt can be
generated when Vpp/Vppa drops below the Vpyp threshold and/or when Vpp/Vppa is
higher than the Vp\p 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.

Refer to Table 11: Embedded reset and power control block characteristics for the values of
Vpor/por @nd Vpyp.

Voltage regulator

The regulator has three operation modes: main (MR), low power (LPR) and power down.
e MR is used in the nominal regulation mode (Run)
e LPRis used in the Stop mode

e Power down is used in Standby mode: the regulator output is in high impedance: the
kernel circuitry is powered down, inducing zero consumption (but the contents of the
registers and SRAM are lost)

This regulator is always enabled after reset. It is disabled in Standby mode, providing high
impedance output.

Low-power modes

The STM32F103xx performance line supports three low-power modes to achieve the best
compromise between low power consumption, short startup time and available wakeup
sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e  Stop mode

The Stop mode achieves the lowest power consumption while retaining the content of
SRAM and registers. All clocks in the 1.8 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator can also be put
either in normal or in low power mode.

The device can be woken up from Stop mode by any of the EXTI line. The EXTI line
source can be one of the 16 external lines, the PVD output, the RTC alarm or the USB
wakeup.

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.8 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, SRAM and register contents are lost except for registers in the Backup
domain and Standby circuitry.

The device exits Standby mode when an external reset (NRST pin), an IWDG reset, a
rising edge on the WKUP pin, or an RTC alarm occurs.

The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop
or Standby mode.
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STM32F103x4, STM32F103x6 Description
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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
can also be seen as a complete general-purpose timer. The 4 independent channels can be
used for

. Input capture

e  OQutput compare

e PWM generation (edge- or center-aligned modes)
e  One-pulse mode output

If configured as a general-purpose 16-bit timer, it has the same features as the TIMx timer. If
configured as the 16-bit PWM generator, it has full modulation capability (0-100%).

In debug mode, the advanced-control timer counter can be frozen and the PWM outputs
disabled to turn off any power switch driven by these outputs.

Many features are shared with those of the general-purpose TIM timers which have the
same architecture. The advanced-control timer can therefore work together with the TIM
timers via the Timer Link feature for synchronization or event chaining.

General-purpose timers (TIMx)

There are up to two synchronizable general-purpose timers embedded in the STM32F103xx
performance line devices. These timers are based on a 16-bit auto-reload up/down counter,
a 16-bit prescaler and feature 4 independent channels each for input capture/output
compare, PWM or one-pulse mode output. This gives up to 12 input captures/output
compares/PWMs on the largest packages.

The general-purpose timers can work together with the advanced-control timer via the Timer
Link feature for synchronization or event chaining. Their counter can be frozen in debug
mode. Any of the general-purpose timers can be used to generate PWM outputs. They all
have independent DMA request generation.

These timers are capable of handling quadrature (incremental) encoder signals and the
digital outputs from 1 to 3 hall-effect sensors.

Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 40 kHz internal RC and as it operates independently of 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
management. It is hardware- or software-configurable through the option bytes. The counter
can be frozen in debug mode.

Window watchdog

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from
the main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

DocID15060 Rev 7 19/99




STM32F103x4, STM32F103x6

Electrical characteristics

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

5.3

5.3.1
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Table 7. Current characteristics

Symbol Ratings Max. Unit
lvobD Total current into Vpp/Vppa power lines (source)® 150
lyss Total current out of Vg ground lines (sink)® 150
Output current sunk by any I/O and control pin 25
o Output current source by any 1/Os and control pin -25 mA
Injected current on five volt tolerant pins(3) -5/+0
||NJ(PIN)(2) n @)
jected current on any other pin +5
ZhNaPINy Total injected current (sum of all /O and control pins)(5) +25

All main power (Vpp, Vppa) and ground (Vss, Vssa) pins must always be connected to the external power
supply, in the permitted range.

Negative injection disturbs the analog performance of the device. See note 2. on page 71.

Positive injection is not possible on these 1/Os. A negative injection is induced by Viy<Vss. linypiny Must
never be exceeded. Refer to Table 6: Voltage characteristics for the maximum allowed input vo(ltage
values.

A positive injection is induced by Vi\>Vpp while a negative injection is induced by V|y<Vss. liyjeiny must
never be exceeded. Refer to Table 6: Voltage characteristics for the maximum allowed input voltage
values.

When several inputs are submitted to a current injection, the maximum X,y 3y is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 8. Thermal characteristics

Symbol Ratings Value Unit
Tsta Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

Operating conditions

General operating conditions

Table 9. General operating conditions

Symbol Parameter Conditions Min Max Unit
fheLk Internal AHB clock frequency - 0 72
fecLk1 Internal APB1 clock frequency - 0 36 MHz
focLk2 Internal APB2 clock frequency - 0 72
Vpp Standard operating voltage - 2 3.6
Analog operating voltage
d _ 2 3.6
0 (ADC not used) Must be the same potential
Vbpa , as V@ v
Analog operating voltage DD 24 36
(ADC used) ' ’
VBaT Backup operating voltage - 1.8 3.6
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Electrical characteristics

Figure 16. Typical current consumption in Stop mode with regulator in Run mode versus

temperature at Vpp =3.3Vand 3.6 V
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Figure 17. Typical current consumption in Stop mode with regulator in Low-power mode versus

temperature at Vpp =3.3Vand 3.6 V
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Figure 18. Typical current consumption in Standby mode versus temperature at

Vpp =3.3Vand 3.6V
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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 Vpp or Vgg (no load).
All peripherals are disabled except if it is explicitly mentioned.

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

Ambient temperature and Vpp 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 fpc k1 = feLk/4 feclk?2 = fhelk/2, fapcelk =
frcLk2l4

3
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STM32F103x4, STM32F103x6 Electrical characteristics

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

Symbol | Parameter Conditions fHeLK All peripherals | All peripherals Unit
enabled® disabled
72 MHz 31.3 24.5
48 MHz 21.9 17.4
36 MHz 17.2 13.8
24 MHz 11.2 8.9
16 MHz 8.1 6.6
External clock® 8 MHz 5 4.2 mA
4 MHz 3 2.6
2 MHz 2 1.8
1 MHz 1.5 14
500 kHz 1.2 1.2
Supply 125 kHz 1.05 1
Ibb current in
Run mode 64 MHz 27.6 21.6
48 MHz 21.2 16.7
36 MHz 16.5 13.1
. . 24 MHz 10.5 8.2
Running on high
speed internal RC 16 MHz 7.4 5.9
(HSD), AHB 8 MHz 4.3 3.6 mA
prescaler used to
reduce the 4 MHz 2.4 2
frequency
2 MHz 1.5 1.3
1 MHz 1 0.9
500 kHz 0.7 0.65
125 kHz 0.5 0.45

Typical values are measures at Ty = 25 °C, Vpp = 3.3 V.

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).

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

3
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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
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integrated capacitors
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I Bias

controlled
gain

STM32F103xx
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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
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Electrical characteristics

5.3.10
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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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I/O current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0 pins programmed in floating input mode. While current is injected into

the 1/O pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of spec current injection on adjacent pins or other functional failure (for
example reset, oscillator frequency deviation).

The test results are given in Table 34

Table 34. 1/0O current injection susceptibility

Functional susceptibility

Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, -0 +0
OSC_O0UT32, PA4, PA5, PC13
hing Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5

DoclD15060 Rev 7
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Output driving current

The GPIOs (general-purpose inputs/outputs) can sink or source up to +8 mA, and sink or
source up to #20 mA (with a relaxed Vg, /Vop) except PC13, PC14 and PC15 which can
sink or source up to +/-3mA. When using the GPIOs PC13 to PC15 in output mode, the
speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of I1/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 5.2:

e  The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
lvpp (see Table 7).

e  The sum of the currents sunk by all the 1/Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
lyss (see Table 7).

Output voltage levels

Unless otherwise specified, the parameters given in Table 36 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 9. All I/Os are CMOS and TTL compliant.

Table 36. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
(1) |Output low level voltage for an /O pin @ )
Vou when 8 pins are sunk at same time CMOS port*™, 04
high level voltage for an /O pi o= *8mA Y
@) | Output high level voltage for an I/O pin 27V <Van<3.6V B i
Vor when 8 pins are sourced at same time DD Vop~04
(1) |Output low level voltage for an 1/O pin @ )
Vo when 8 pins are sunk at same time TTL port 0.4
: - I|O =+ 8mA \V
@) | Output high level voltage for an I/O pin 27V <Van<3.6V i
Vor when 8 pins are sourced at same time DD 2.4
Ve @) Output low level voltage for an I/O pin ) 13
oL when 8 pins are sunk at same time lio = +20 mA '
\
\/n.(3)(@) | Output high level voltage for an I/O pin 27V<Vpp<36V Vel 3 )
OH when 8 pins are sourced at same time po—=
Vo @) Output low level voltage for an I/O pin ) 04
oL when 8 pins are sunk at same time lio = +6 MA '
\
\/...(3)(@ | Output high level voltage for an I/O pin 2V<Vpp<27V Ny )
OH when 8 pins are sourced at same time po

1. The |jg current sunk by the device must always respect the absolute maximum rating specified in Table 7
and the sum of I, (I/O ports and control pins) must not exceed lygs.

TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

The |, current sourced by the device must always respect the absolute maximum rating specified in
Table 7 and the sum of I, (I/O ports and control pins) must not exceed lypp.

4. Based on characterization data, not tested in production.

3
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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 35. Typical connection diagram using the ADC
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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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6.1

3

Package information

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.

VFQFPN36 Package

Figure 38. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch
quad flat package outline
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1. Drawing is not to scale.
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Table 51. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch

quad flat package mechanical data

millimeters inches®
Symbol
Min Typ Max Min Typ Max

A 0.800 0.900 1.000 0.0315 0.0354 0.0394
Al - 0.020 0.050 - 0.0008 0.0020
A2 - 0.650 1.000 - 0.0256 0.0394

A3 - 0.200 - - 0.0079 -
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
0.350 0.550 0.750 0.0138 0.0217 0.0295

K 0.250 - - 0.0098 - -
ddd - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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6.6 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 9: General operating conditions on page 33.

The maximum chip-junction temperature, T; max, in degrees Celsius, may be calculated
using the following equation:

Ty max = Ty max + (Pp max x ©;,)

Where:

e T, max is the maximum ambient temperature in °C,

Oy, Is the package junction-to-ambient thermal resistance, in ° C/W,

Pp max is the sum of Pyt max and P, max (Pp max = P,y max + P omax),

P\nT Max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|,o max represents the maximum power dissipation on output pins where:
Pio max=ZX (VoL % lop) + Z((Vpp — Vow) * lon).

taking into account the actual Vg / Ig_ and Vgy / 1oy Of the 1/Os at low and high level in the

application.
Table 57. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 65
TFBGA64 -5 x 5 mm /0.5 mm pitch
Thermal resistance junction-ambient 45
LQFP64 - 10 x 10 mm / 0.5 mm pitch
Thermal resistance junction-ambient o

©a LQFP48 - 7 x 7 mm / 0.5 mm pitch 55 cw

Thermal resistance junction-ambient 32
UFQFPN 48 -7 x 7 mm / 0.5 mm pitch
Thermal resistance junction-ambient 18
VFQFPN 36 - 6 x 6 mm / 0.5 mm pitch

6.6.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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