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Description STM32F103xC, STM32F103xD, STM32F103xE

2.3.14 Low-power modes

The STM32F103xC, STM32F103xD and STM32F103xE 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

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.

Note: The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop
or Standby mode.
2.3.15 DMA

The flexible 12-channel general-purpose DMAs (7 channels for DMA1 and 5 channels for
DMA2) are able to manage memory-to-memory, peripheral-to-memory and memory-to-
peripheral transfers. The two DMA controllers support circular buffer management,
removing the need for user code intervention 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, basic
and advanced-control timers TIMx, DAC, 12S, SDIO and ADC.

2.3.16 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 forty-two 16-bit
registers used to store 84 bytes of user application data when Vpp power is not present.
They are not reset by a system or power reset, and they are not reset when the device
wakes up from the Standby mode.

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
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STM32F103xC, STM32F103xD, STM32F103xE

Pinouts and pin descriptions

Figure 7. STM32F103xC/D/E performance line LQFP64 pinout
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1. The above figure shows the package top view.
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

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 Ty = 25 °C and Tp = Tymax (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 (meanz3%).

Typical values

Unless otherwise specified, typical data are based on Tp =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+2X%).

Typical curves

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

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 10.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 11.

Figure 10. Pin loading conditions Figure 11. Pin input voltage
C =50 PF e
MS19011Vv2 MS19010V2
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 14. Typical current consumption in Run mode versus frequency (at 3.6 V) -
code with data processing running from RAM, peripherals enabled
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Figure 15. Typical current consumption in Run mode versus frequency (at 3.6 V)-
code with data processing running from RAM, peripherals disabled
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STM32F103xC, STM32F103xD, STM32F103xE Electrical characteristics

Figure 26. Asynchronous multiplexed PSRAM/NOR read waveforms

tw(NE) >
FSMC_NE _\\ /,_
e— ty(NOE_NE) — th(NE_NOE) 1«
FSMC_NOE \ /- —
le—————— tynoE) ——>
FSMC_NWE _/ \_
> tya NE) th(A_NOE) !
FSMC_A[25:16] I Address *
»He tyBL NE) th(BL_NOE)
FSMC_NBLJ[1:0] NBL *
»—le th(Data_NE)
J¢——— tsu(pata_NE) >
< ty(a_NE) le——— tsy(Data_NOE) >l th(Data_NOE)
FSMC_ADI[15:0] Address )—( Data X:
- ty(NADV_NE)  th(aD_NADV)

tw(NADV)

FSMC_NADV
ai14892b
Table 33. Asynchronous multiplexed PSRAM/NOR read timings("(2)

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time Tthok — 2 Tthok + 2 ns
tynoe NE) | FSMC_NEX low to FSMC_NOE low 3thelk — 0.5 |3tyek + 1.5 | ns
tw(NOE) FSMC_NOE low time dthok =1 dthckt2 | ns
thNE_NoE) | FSMC_NOE high to FSMC_NE high hold time -1 - ns
ty(a NE) FSMC_NEXx low to FSMC_A valid - 0 ns
tynabv NEy | FSMC_NEX low to FSMC_NADV low 3 5 ns
tw(naDV) FSMC_NADV low time thoLk —1.5 thok + 1.5 ns
th(AD_NADY) Egmg_ﬁﬁ [()E\i/dﬁireSS) valid hold time after oLk ) ns

_ gh
th(A_NOE) Address hold time after FSMC_NOE high tholk -2 - ns
th(BL_NOE) FSMC_BL hold time after FSMC_NOE high 0 - ns
ty(BL_NE) FSMC_NEXx low to FSMC_BL valid - 0 ns
tsupata_NE) | Data to FSMC_NEXx high setup time 2tyok + 24 - ns
tsupata_NoE) | Data to FSMC_NOE high setup time 2thok + 25 - ns
"_l DoclD14611 Rev 12 69/144




STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

Table 34. Asynchronous multiplexed PSRAM/NOR write timings“xz)

Symbol Parameter Min Max Unit
th(AD_NADY) Egmg_ﬁi I:():il/drc;lire;s) valid hold time after fhoLk - 3 ) ns
_ 9

th(A_NWE) Address hold time after FSMC_NWE high 4thck - ns
tyBL_NE) FSMC_NEXx low to FSMC_BL valid - 1.6 ns
theL_Nnwe) | FSMC_BL hold time after FSMC_NWE high tholk = 1-5 - ns
ty(pata_NADV) | FSMC_NADV high to Data valid - thok + 1.5 |ns
thData_Nwe) | Data hold time after FSMC_NWE high tholk — 5 - ns
1. C_=15pF.

2. BGuaranteed by characterization results.
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 29. Synchronous multiplexed PSRAM write timings
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

5.3.13

3

Table 44. Electrical sensitivities

Symbol

Parameter

Conditions

Class

LU

Static latch-up class

Tp= +105 °C conforming to JESD78A

Il level A

I/0 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 I/O 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 45

Table 45. 1/0 current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, 0 +0
OSC_0OUT32, PA4, PA5, PC13
hing Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5
DoclD14611 Rev 12 89/144




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 45. 5 V tolerant I/O input characteristics - TTL port
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or
source up to £ 20 mA (with a relaxed V| VoH) except PC13, PC14 and PC15 which can
sink or source up to £3 mA. 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 1/0 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
lVDD (See Table 8)

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 8).

Output voltage levels

Unless otherwise specified, the parameters given in Table 47 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 10. All I/Os are CMOS and TTL compliant.

Table 47. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
Ve (1) Output low level voltage for an I/O pin 3) ) 04
oL when 8 pins are sunk at same time TTL port :
Output high level voltage for an I/O pi oS e ms Y
@) utput high level voltage for an pin |27V <Vpn<36V B )
Vo™ | when 8 pins are sourced at same time - Vop-0-4
(1) |Output low level voltage for an I/O pin )
Vou when 8 pins are sunk at same time CMOS port®) 04
I|O =+ 8mA \
2) | Output high level voltage for an /O pin |27V <V ,<3.6V
VoH h . : DD - 2.4 -
when 8 pins are sourced at same time

3
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 47. Recommended NRST pin protection

5.3.16
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1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V) (yrsT) max level specified in
Table 49. Otherwise the reset will not be taken into account by the device.

TIM timer characteristics

The parameters given in Table 50 are guaranteed by design.

Refer to Section 5.3.14: 1/0O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 50. TIMx(") characteristics

Symbol Parameter Conditions Min Max Unit
. o - 1 - trimxcLk
tres(tivy | Timer resolution time
leMXCLK =72 MHz 13.9 - ns
; Timer external clock - 0 frivxcLk/2 MHz
EXT
frequency on CH1to CH4 |\ - =72 MHz 0 36 MHz
Restim Timer resolution - - 16 bit
16-bit counter clock period |- 1 65536 triMxcLK
tcounTErR |When internal clock is
selected frimxcLk = 72 MHz 1 0.0139 910 Hs
- - 65536 x 65536 tTlMXCLK
tMAax counT |Maximum possible count
- fT||V|XCLK =72 MHz - 59.6 S

1. TIMx is used as a general term to refer to the TIM1, TIM2, TIM3 and TIM4 timers.

DoclD14611 Rev 12
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE
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SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 55 are derived from tests
performed under ambient temperature, fpc| ky frequency and Vpp supply voltage conditions
summarized in Table 10.

Refer to Section 5.3.14: /O port characteristics for more details on the input/output alternate
function characteristics (D[7:0], CMD, CK).

Figure 54. SDIO high-speed mode
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Figure 55. SD default mode
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Table 55. SD / MMC characteristics

Symbol Parameter Conditions Min Max Unit
fop ﬁlgg: frequency in data transfer C_ <30 pF 0 48 MHz
tW(CKL) |Clock low time, fpp = 16 MHz C_ <30 pF 32 -
tW(CKH) | Clock high time, fpp = 16 MHz C_ <30 pF 30 -
t, Clock rise time C_ <30 pF - 4 e
t Clock fall time CL <30 pF - 5

3
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

Table 62. ADC accuracy(!) (2()

Symbol Parameter Test conditions Typ Max(4) Unit
ET Total unadjusted error +2 5
fPCLK2 =56 MHZ,
EO |Offset error fapc = 14 MHz, Ry < 10 kQ 1.5 2.5
EG Gain error Vppa=24Vto36V 1.5 *3 LSB
ED |Differential linearity error Measurements 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, Vger and temperature ranges.

ADC Accuracy vs. Negative Injection Current: Injecting negative current on any 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 analog pins which may potentially

inject negative current.
Any positive injection current within the limits specified for I piny and Zliyyeiny in Section 5.3.14 does not
affect the ADC accuracy.

3

4. Guaranteed by characterization results.
Figure 57. ADC accuracy characteristics
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1. Example of an actual transfer curve.
2. Ideal transfer curve.
3. End point correlation line.
4. ET= Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.

EO = Offset 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.
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.

EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.
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STM32F103xC, STM32F103xD, STM32F103xE Electrical characteristics

Figure 60. Power supply and reference decoupling (Vrgg+ connected to Vppa)
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1. VRer+ and Vreg_ inputs are available only on 100-pin packages.

3
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Electrical characteristics

STM32F103xC, STM32F103xD, STM32F103xE

5.3.21

114/144

Temperature sensor characteristics

Table 64. TS characteristics

Symbol Parameter Min Typ Max Unit
T Vsense linearity with temperature - + 2 °C
Avg_Slope Average slope 4.0 4.3 4.6 mV/°C
Vog Voltage at 25 °C 1.34 1.43 1.52 \Y
ra— Startup time 4 - 10 us
TS_temp(2)(1) glrjn%s;%p;ing time when reading the ) ) 171 us

1. Guaranteed by design.

2. Shortest sampling time can be determined in the application by multiple iterations.

DoclD14611 Rev 12
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Package information

STM32F103xC, STM32F103xD, STM32F103xE

Table 72. LQPF100 — 14 x 14 mm 100-pin low-profile quad flat package

mechanical data (continued)

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
e - 0.500 - - 0.0197 -
0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0° 3.5° 7° 0° 3.5° 7°
cce - - 0.08 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 74. LQFP100 recommended footprint
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1.

Dimensions are in millimeters.
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STM32F103xC, STM32F103xD, STM32F103xE

Package information

3

Device marking for LQFP100 package

The following figure gives an example of topside marking orientation versus pin 1 identifier

location.

Figure 75. LQFP100 marking example (package top view)

Product identification'"

Pin 1 identifier

Optional gate

. 4— mark

—s| STM32F103

| —— Revision code

~{ V8T6

LT

. Date code

) Iy wwie

—@

MSv36562V1

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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STM32F103xC, STM32F103xD, STM32F103xE Package information

6.7

6.7.1

3

Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 10: General operating conditions on page 44.

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

Ty max = Ty max + (Pp max x ©y,)

Where:

e T, maxis the maximum ambient temperature in °C,

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

e  Pp max is the sum of P\t max and P, max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|;,0 max represents the maximum power dissipation on output pins where:

Pijo max = Z (VoL % lo) + Z((Vop — Vo) * lon).
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 74. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 40
LFBGA144 - 10 x 10 mm / 0.8 mm pitch
Thermal resistance junction-ambient 30
LQFP144 - 20 x 20 mm / 0.5 mm pitch
Thermal resistance junction-ambient 40

LFBGA100 - 10 x 10 mm / 0.8 mm pitch
SN °C/W
Thermal resistance junction-ambient

LQFP100 - 14 x 14 mm / 0.5 mm pitch 46
Thermal resistance junction-ambient 45
LQFP64 - 10 x 10 mm / 0.5 mm pitch

Thermal resistance junction-ambient 50

WLCSP64

Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org
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Package information STM32F103xC, STM32F103xD, STM32F103xE

6.7.2
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Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 75: Ordering information scheme.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature.

As applications do not commonly use the STM32F103xC, STM32F103xD and
STM32F103xE at maximum dissipation, it is useful to calculate the exact power
consumption and junction temperature to determine which temperature range will be best
suited to the application.

The following examples show how to calculate the temperature range needed for a given
application.

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature Tp,4x = 82 °C (measured according to JESD51-2),
IpDmax = 50 MA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at low
level with I =8 mA, Vo = 0.4 V and maximum 8 1/Os used at the same time in output
at low level with 1. =20 mA, Vo = 1.3V

PI\NTmax = 90 mA x 3.5 V=175 mW

Plomax=20 %8 MAx0.4V+8x20mAx 13V =272mW
This gives: Pytmax = 175 mW and Pigmax = 272 mW:
Pbmax = 175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 74 T . is calculated as follows:

— For LQFP100, 46 °C/W

Tymax = 82 °C + (46 °C/W x 447 mW) =82 °C + 20.6 °C = 102.6 °C
This is within the range of the suffix 6 version parts (40 < T; < 105 °C).

In this case, parts must be ordered at least with the temperature range suffix 6 (see
Table 75: Ordering information scheme).

Example 2: High-temperature application

Using the same rules, it is possible to address applications that run at high ambient
temperatures with a low dissipation, as long as junction temperature T ; remains within the
specified range.

Assuming the following application conditions:

Maximum ambient temperature Tpngx = 115 °C (measured according to JESD51-2),
Ipbmax = 20 mA, Vpp = 3.5V, maximum 20 I/Os used at the same time in output at low
level with Ig. =8 mA, Vg =04V

PIiNTmax = 20 mA x 3.5 V=70 mW

Plomax =20 X 8 MA x 0.4V =64 mW

This gives: PiNTmax = 70 mW and P gpax = 64 mW:
Pbmax = 70 + 64 = 134 mW

Thus: Ppmax = 134 mW
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Table 76.Document revision history

Date

Revision

Changes

19-Apr-2011

Updated package choice for 103Rx in Table 2

Updated footnotes below Table 7: Voltage characteristics on page 43
and Table 8: Current characteristics on page 43

Updated tw min in Table 21: High-speed external user clock
characteristics on page 58

Updated startup time in Table 24: LSE oscillator characteristics (fLSE =
32.768 kHz) on page 61

Updated note 2 in Table 51: 12C characteristics on page 97

Updated Figure 48: 12C bus AC waveforms and measurement circuit
Updated Figure 47: Recommended NRST pin protection

Updated Section 5.3.14: I/O port characteristics

Updated Table 35: Synchronous multiplexed NOR/PSRAM read
timings on page 73

Updated FSMC Figure 26 thru Figure 31

Updated Figure 41.: NAND controller waveforms for common memory
write access and Figure 48.: 12C bus AC waveforms and measurement
circuit

Added Section 5.3.13: I/O current injection characteristics

Updated Figure 67 and added Table 69: WLCSP, 64-ball 4.466 x 4.395
mm, 0.500 mm pitch, wafer-level chip-scale package mechanical data
on page 121

LQFP64 package mechanical data updated: see Figure 73.: LQFP64 —
10 x 10 mm 64 pin low-profile quad flat package outline and Table 73:
LQFP64 — 10 x 10 mm 64 pin low-profile quad flat package mechanical
data on page 130.

30-Sept-2014

Added Note 7 in Table 5: High-density STM32F103xC/D/E pin
definitions on page 31.

Updated Note 10 in Table 5: High-density STM32F103xC/D/E pin
definitions on page 31.

Modified Note 2 in Table 62: ADC accuracy on page 109

Modified Note 3 in Table 62: ADC accuracy on page 109

Modified notes in Table 51: I2C characteristics on page 97

Updated Figure 51: SPI timing diagram - master mode(1) on page 101

23-Feb-2015

10

Updated Figure 66.: BGA pad footprint, Figure 70: LQFP144 - 144-pin,
20 x 20 mm low-profile quad flat package outline, Figure 73.: LQFP100
— 14 x 14 mm 100 pin low-profile quad flat package outline, Figure 74.:
LQFP100 recommended footprint, Figure 76.: LQFP64 — 10 x 10 mm
64 pin low-profile quad flat package outline, Figure 77.: LQFP64 - 64-
pin, 10 x 10 mm low-profile quad flat recommended footprint

Added Figure 72.: LQFP144 marking example (package top view),
Figure 75.: LQFP100 marking example (package top view), Figure 78.:
LQFP64 marking example (package top view)

Updated Table 72: LQPF100 — 14 x 14 mm 100-pin low-profile quad flat
package mechanical data, Table 73: LQFP64 — 10 x 10 mm 64 pin low-
profile quad flat package mechanical data
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