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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 Description

2.3.27

3

The ADC can be served by the DMA controller.

An analog watchdog feature allows very precise monitoring of the converted voltage of one,
some or all selected channels. An interrupt is generated when the converted voltage is
outside the programmed thresholds.

The events generated by the general-purpose timers (TIMx) and the advanced-control
timers (TIM1 and TIM8) can be internally connected to the ADC start trigger and injection
trigger, respectively, to allow the application to synchronize A/D conversion and timers.

DAC (digital-to-analog converter)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs. The chosen design structure is composed of integrated
resistor strings and an amplifier in inverting configuration.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e  8-bit or 12-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e  noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions

e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgr+

Eight DAC trigger inputs are used in the STM32F103xC, STM32F103xD and

STM32F103xE performance line family. The DAC channels are triggered through the timer
update outputs that are also connected to different DMA channels.

DoclD14611 Rev 12 23/144




STM32F103xC, STM32F103xD, STM32F103xE Pinouts and pin descriptions

Figure 5. STM32F103xC/D/E performance line LQFP144 pinout
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1. The above figure shows the package top view.
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 20. The MCU is placed
under the following conditions:

e all peripherals are disabled unless otherwise mentioned
e the given value is calculated by measuring the current consumption
— with all peripherals clocked off

— with only one peripheral clocked on
e ambient operating temperature and Vpp supply voltage conditions summarized in

Table 7

all I/0 pins are in input mode with a static value at Vpp or Vgg (no load)

Table 20. Peripheral current consumption

Peripheral Current. Unit
consumption
DMA1 20,42
DMA2 19,03
FSMC 52,36
AHB (up to 72 MHz) pA/MHz
CRC 2,36
SDIO 33,33
BusMatrix(") 9,72

DoclD14611 Rev 12
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 23. Typical application with a 32.768 kHz crystal
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5.3.7 Internal clock source characteristics
The parameters given in Table 25 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 10.
High-speed internal (HSI) RC oscillator
Table 25. HSI oscillator characteristics(!)
Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 8 - MHz
DuCynsiy | Duty cycle - 45 - 55 %
Usgr-trirgmed with the RCC_CR ) ) 103) %
reglster( )
= _ ° — - 0,
ACC Accuracy of the HSI Ta=-4010105°C 2 25 %
HSI | oscillator Factory- To=-10t085°C | -1.5| - 22 | %
; 4
calibrated® 1 ~ot070°c [ 13| - | 2 | %
Tpo=25°C -1.1 - 1.8 %
@ |HSI oscillator ) )
bsu(Hsi) startup time 1 2 HS
@) | HSI oscillator power | )
Ipp(Hsiy consumption 80 | 100 | pA

1. Vpp =3.3V, Tp =-40to 105 °C unless otherwise specified.

2. Refer to application note AN2868 “STM32F 10xxx internal RC oscillator (HSI) calibration” available from
the ST website www.st.com.

3. Guaranteed by design.

Guaranteed by characterization results.

3
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STM32F103xC, STM32F103xD, STM32F103xE Electrical characteristics

Table 30. Flash memory endurance and data retention

Value
Symbol Parameter Conditions Unit
Min(1)
Tp = —40 to +85 °C (6 suffix versions)
N Endurance 10 kcycles
END ! Tx = —40 to +105 °C (7 suffix versions) 4
1 keycle® at T, = 85 °C 30
tReT Data retention 1 keycle® at Tpa=105°C 10 Years
10 keycles®® at Tp = 55 °C 20

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

3
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

Table 31. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings“)

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time S5theik =15 |Sthok +2 ns
tynoe_nE) | FSMC_NEX low to FSMC_NOE low 0.5 1.5 ns
tw(NOE) FSMC_NOE low time Stk — 1.5 | Styok + 1.5 |ns
thne_NoE) | FSMC_NOE high to FSMC_NE high hold time -1.5 - ns
ty(a_NE) FSMC_NEXx low to FSMC_A valid - 0 ns
th(A_NOE) Address hold time after FSMC_NOE high 0.1 - ns
tvBL_NE) FSMC_NEXx low to FSMC_BL valid - 0 ns
theL_NoE) | FSMC_BL hold time after FSMC_NOE high 0 - ns
tsu(Data_NE) Data to FSMC_NEXx high setup time 2thyok + 25 - ns
tsu(Data_NOE) Data to FSMC_NOEX high setup time 2tyok + 25 - ns
thpata_NoOE) | Data hold time after FSMC_NOE high 0 - ns
thpata_ Ng) | Data hold time after FSMC_NEXx high 0 - ns
tynabv NE) | FSMC_NEX low to FSMC_NADV low - 5 ns
tw(NADVY) FSMC_NADV low time - thok + 1.5 |ns
1. C_=15pF.

Figure 25. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

tw(NE) >
FSMC_NEX - - - -\ /
FSMC_NOE /
le— ty(NWE_NE tw(NWE)—>te »Hth(NE_NWE)
FSMC_NWE /
»e ty(A NE) th(A_NWE) ]
FSMC_A[25:0] Address
> tv(BL_NE) th(BL_NWE) T¢—>
FSMC_NBL[1:0] NBL X
l«—tv(Data_NEY—] th(Data_ NWE)
FSMC_D[15:0] Data

FSMC_NADV(1

ai14990
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE
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PC Card/CompactFlash controller waveforms and timings

Figure 32 through Figure 37 represent synchronous waveforms and Table 39 provides the
corresponding timings. The results shown in this table are obtained with the following FSMC
configuration:

e COM.FSMC_SetupTime = 0x04;

e COM.FSMC_WaitSetupTime = 0x07;
e COM.FSMC_HoldSetupTime = 0x04;
e COM.FSMC_HiZSetupTime = 0x00;
e ATT.FSMC_SetupTime = 0x04;

e ATT.FSMC_WaitSetupTime = 0x07;
e ATT.FSMC_HoldSetupTime = 0x04;
e ATT.FSMC_HiZSetupTime = 0x00;

e |O.FSMC_SetupTime = 0x04;

e |O.FSMC_WaitSetupTime = 0x07;

e |O.FSMC_HoldSetupTime = 0x04;

e |O.FSMC_HiZSetupTime = 0x00;

e TCLRSetupTime = 0;

e TARSetupTime = 0;

Figure 32. PC Card/CompactFlash controller waveforms for common memory read
access

FSMC_NCE4_2(1)
FSMC_NCE4._1 \ )

—
P4 ty(NCEx-A) th(NCEx-Al)
FSMC_A[10:0]

th(NCEx-NREG)
{d(NREG-NCEx) th(NCEx-NIORD)
d(NIORD-NCEX) NGB NIOWR)
FSMC_NREG
FSMC_NIOWR
FSMC_NIORD _

FSMC_NWE _/

td(NCE4_1-NOEA4—T7tW(NOE)—>
FSMC_NOE _/ /
/

tsu(D-NOEY th(NOE-D)

FSMC_DI[15:0] ( ) )—

ai14895b

1. FSMC_NCE4_2 remains high (inactive during 8-bit access.

3
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

Figure 39. NAND controller waveforms for write access
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Figure 40. NAND controller waveforms for common memory read access
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 47. Recommended NRST pin protection

5.3.16

96/144

V
External =
reset circuit (1)
P R, NRST(2) RPU Internal Reset
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= = STM32F

ai14132¢

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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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

Table 55. SD / MMC characteristics

Symbol Parameter Conditions Min Max Unit
CMD, D inputs (referenced to CK)
tisu Input setup time C_ <30 pF 2 -
tin Input hold time C <30 pF 0 - "
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time C_ <30 pF - 6
ton Output hold time C_<30pF 0 - e
CMD, D outputs (referenced to CK) in SD default mode(")
tovp Output valid default time C_ <30 pF - 7
toHD Output hold default time C_ <30 pF 0.5 - "
1. Refer to SDIO_CLKCR, the SDI clock control register to control the CK output.
USB characteristics
The USB interface is USB-IF certified (Full Speed).
Table 56. USB startup time
Symbol Parameter Max Unit
tSTARTUP(1) USB transceiver startup time 1 VIS
1. Guaranteed by design.
DoclD14611 Rev 12 105/144




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Table 57. USB DC electrical characteristics

Symbol Parameter Conditions Min.( Max.(Y) | Unit
Input levels
Vpp | USB operating voltage(® - 3.0 3.6 Y,
Vp#) | Differential input sensitivity I(USB_DP, USB_DM) 0.2 -
VCM(4) Differential common mode range | Includes Vp, range 0.8 25 V
VSE(4) Single ended receiver threshold - 1.3 20
Output levels
VoL | Static output level low R, of 1.5 kQto 3.6 V(® - 0.3
Vou | Static output level high R, of 15 kQto Vgg® 2.8 3.6 v

All the voltages are measured from the local ground potential.

2. To be compliant with the USB 2.0 full-speed electrical specification, the USB_DP (D+) pin should be pulled
up with a 1.5 kQresistor to a 3.0-t0-3.6 V voltage range.

3. The STM32F103xC/D/E USB functionality is ensured down to 2.7 V but not the full USB electrical
characteristics which are degraded in the 2.7-t0-3.0 V Vpp voltage range.

Guaranteed by characterization results.
R_ is the load connected on the USB drivers

Figure 56. USB timings: definition of data signal rise and fall time

Crossover
. . points
Differential
data lines / \
VCRS _______ X : X
Vss — |

ai14137

Table 58. USB: full-speed electrical characteristics

Driver characteristics(!

Symbol Parameter Conditions Min Max Unit
t Rise time(?) C_ =50 pF 4 20 ns
te Fall Time(® C_ =50 pF 4 20 ns

trfm Rise/ fall time matching t/t 90 110 %
VeRs Output signal crossover voltage - 1.3 20 \Y

1. Guaranteed by design.

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB
Specification - Chapter 7 (version 2.0).

3
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

1. Guaranteed by characterization results.
Guaranteed by design.

VRer+ €an be internally connected to Vppa and Vgeg. can be internally connected to Vgga, depending on the package.
Refer to Section 3: Pinouts and pin descriptions for further details.

4. For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 59.
Equation 1: Ry max formula

R Ts R
< —
A fapc X Capc X In(2"*?) ADC

The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 60. Rp;y max for fopc = 14 MHz(")

Ts (cycles) ts (us) Rain max (k)
1.5 0.11 0.4
7.5 0.54 5.9
13.5 0.96 1.4
28.5 2.04 252
415 2.96 37.2
55.5 3.96 50
71.5 511 NA
239.5 171 NA

1. Guaranteed by design.

Table 61. ADC accuracy - limited test conditions(12)

Symbol Parameter Test conditions Typ Max(®) Unit

ET Total unadjusted error fpcLk2 = 56 MHz, 1.3 2
fADC =14 MHZ, RA|N <10 kQ

EO Offset error +1 1.5
VDDA =3Vto36V
EG |Gain error Tpo=25°C +0.5 1.5 LSB
ED Differential linearity error Measurements made after 0.7 +1
ADC calibration
EL Integral linearity error Vrer+ = VDDA 0.8 1.5

1. ADC DC accuracy values are measured after internal calibration.

2. 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 liypiny @and Zliygeiny in Section 5.3.14 does not
affect the ADC accuracy.

3. Guaranteed by characterization results.

3
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Package information
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3

WLCSP64 package information

Figure 68. WLCSP, 64-ball 4.466 x 4.395 mm, 0.500 mm pitch, wafer-level chip-scale
package outline
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1. Drawing is not to scale.
2. Primary datum Z and seating plane are defined by the spherical crowns of the ball.

Table 69. WLCSP, 64-ball 4.466 x 4.395 mm, 0.500 mm pitch, wafer-level chip-scale
package mechanical data

millimeters inches(
Symbol
Min Typ Max Min Typ Max
A 0.535 0.585 0.635 0.0211 0.0230 0.0250
A1 0.205 0.230 0.255 0.0081 0.0091 0.0100
A2 0.330 0.355 0.380 0.0130 0.0140 0.0150
b2 0.290 0.320 0.350 0.0114 0.0126 0.0138
DoclD14611 Rev 12 121/144




STM32F103xC, STM32F103xD, STM32F103xE

Package information

3

Figure 71. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package

recommended footprint
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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

Using the values obtained in Table 74 T . is calculated as follows:
— For LQFP100, 46 °C/W
Tymax = 115 °C + (46 °C/W x 134 mW) =115°C +6.2°C =121.2°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 75: Ordering information scheme).

Figure 79. LQFP100 Pp max vs. Ty
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Table 76.Document revision history

Date

Revision

Changes

12-Dec-2008

Timers specified on page 1 (motor control capability mentioned).
Section 2.2: Full compatibility throughout the family updated.
Table 6: High-density timer feature comparison added.

General-purpose timers (TIMx) and Advanced-control timers (TIM1 and
TIM8) on page 27 updated.

Figure 1: STM32F103xF, STM32F103xD and
STM32F103xGSTM32F103xF and STM32F103xG performance line
block diagram modified.

Note 10 added, main function after reset and Note 5 on page 44
updated in Table 8: High-density STM32F103xx pin definitions.

Note 2 modified below Table 11: Voltage characteristics on page 58,
|IDVppx| min and |DVpp,| min removed.

Note 2 and Py values for LQFP144 and LFBGA144 packages added to
Table 14: General operating conditions on page 59.

Measurement conditions specified in Section 5.3.5: Supply current
characteristics on page 62.

Max values at Tp = 85 °C and Tp = 105 °C updated in Table 21: Typical
and maximum current consumptions in Stop and Standby modes on
page 68.

Section 5.3.10: FSMC characteristics on page 87 updated.

Data added to Table 50: EMI characteristics on page 111.

lyrer added to Table 67: ADC characteristics on page 130.

Table 81: Package thermal characteristics on page 146 updated.
Small text changes.
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