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Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F103xC, STM32F103xD and STM32F 103xE high-density performance line
microcontrollers. For more details on the whole STMicroelectronics STM32F 103xC/D/E
family, please refer to Section 2.2: Full compatibility throughout the family.

The high-density STM32F103xC/D/E datasheet should be read in conjunction with the
STM32F10xxx reference manual.

For information on programming, erasing and protection of the internal Flash memory
please refer to the STM32F10xxx Flash programming manual.

The reference and Flash programming manuals are both available from the
STMicroelectronics website www.st.com.

For information on the Cortex®-M3 core please refer to the Cortex®-M3 Technical Reference
Manual, available from the www.arm.com website at the following address:
http.//infocenter.arm.com.

(=]
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"
=
=]
o
|

ARM

Intelligent Processors by ARM®
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STM32F103xC, STM32F103xD, STM32F103xE
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Description

The STM32F103xC, STM32F103xD and STM32F103xE 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 512 Kbytes and
SRAM up to 64 Kbytes), and an extensive range of enhanced 1/0s and peripherals
connected to two APB buses. All devices offer three 12-bit ADCs, four general-purpose 16-
bit timers plus two PWM timers, as well as standard and advanced communication
interfaces: up to two I2Cs, three SPIs, two 12Ss, one SDIO, five USARTs, an USB and a
CAN.

The STM32F103xC/D/E high-density performance line family operates in the —40 to
+105 °C temperature range, from a 2.0 to 3.6 V power supply. A comprehensive set of
power-saving mode allows the design of low-power applications.

These features make the STM32F103xC/D/E high-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 intercom, and HVAC.

3
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STM32F103xC, STM32F103xD, STM32F103xE Description

Figure 2. Clock tree
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Enable (6 bits)
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SYSCLK LSE = Low Speed External clock signal

MCO

ai14752b

1. When the HSI is used as a PLL clock input, the maximum system clock frequency that can be achieved is
64 MHz.

2. For the USB function to be available, both HSE and PLL must be enabled, with the USBCLK at 48 MHz.
To have an ADC conversion time of 1 ys, APB2 must be at 14 MHz, 28 MHz or 56 MHz.

3
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Figure 8. STM32F103xC/D/E performance line
WLCSP64 ballout, ball side
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Table 5. High-density STM32F103xC/D/E pin definitions (continued)

Pins Alternate functions(®
)

¥ |o |« < |9 Main
E E g3 § Y| Pinname 2| 8| function®
olo |8 y Q| & 2| o/ (after reset) Default Remap
m o 39 g|g =
5 5 = i |
H3 | E2 |(D6| 10|17 |28 PC2 /0| - PC2 ADC123_IN12 -
H4 | F3| - |11]18 |29 pc3() /ol - PC3 ADC123_IN13 -
J1|G1|E7|12]19 |30 Vssa S| - Vssa - -
K1|H1| - | - |20|31 VREF- S| - VREF- - -

F7
L1 | J1 @) | - 21|32 VREF+ S - VREF+ - -
M1 | K1|G8| 13|22 |33 Vbpa S| - /o - -

WKUP/USART2_CTS®)
ADC123_INO

J2 |G2|F6 |14 |23 34| PAO-WKUP [I/O] - PAO TIM2_CH1_ETR -

TIM5_CH1/TIM8_ETR

USART2_RTS®)
K2 |H2 [E6| 15|24 |35 PA1 /0| - PA1 ADC123_IN1/ -
TIM5_CH2/TIM2_CH2(®)

USART2_TX®)TIM5_CH3

L2 | J2 |H8 |16 | 25 |36 PA2 /0| - PA2 ADC123_IN2/ -

TIM2_CH3 )
USART2_RX©)TIM5_CH4

M2 | K2 |G7|17 | 26 | 37 PA3 I/o| - PA3 ADC123 IN3/TIM2. CHA®) -

G4 |E4 |F5|18 |27 |38 Vss 4 S| - Vss 4 - -

F4 | F4 |G6|19 |28 |39 Vop 4 S| - VoD 4 - -
SPI1_NSS©@)

J3 | G3|H7 (2029 |40 PA4 ol - PA4 USART2_CK®) -

DAC_OUT1/ADC12_IN4

SPI1_SCK®

K3 | H3 |E5| 21 | 30 | 41 PA5 I/o| - PA5 DAC_OUT2 ADCA2_ IN5 -
SPI1_MISO®)

L3 | J3|G5|22 |31 |42 PA6 I/o| - PA6 TIM8_BKIN/ADC12_IN6 TIM1_BKIN
TIM3_CH1®)
SPI1_MOSI®)

M3 | K3 |G4|23 32|43 PA7 I/o| - PA7 TIM8_CH1N/ADC12_IN7 | TIM1_CH1N
TIM3_CH2®)

J4 | G4 |H6 |24 | 33 |44 PC4 I/o| - PC4 ADC12_IN14 -

K4 | H4 |H5| 25|34 |45 PC5 I/o| - PC5 ADC12_IN15 -

32/144 DoclD14611 Rev 12 ‘Yl




Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Table 6. FSMC pin definition

FSMC
Pins NOR/PSRAM/ . éc?:: 38‘2)
CF CF/IDE SRAM NOR/PSRAM Mux | NAND 16 bit
PE2 - - A23 A23 - Yes
PE3 - - A19 A19 - Yes
PE4 - - A20 A20 - Yes
PE5 - - A21 A21 - Yes
PE6 - - A22 A22 - Yes
PFO A0 A0 AO - - -
PF1 A1 A1 A1 - - -
PF2 A2 A2 A2 - - -
PF3 A3 - A3 - - -
PF4 A4 - A4 - - -
PF5 A5 - A5 - - -
PF6 NIORD NIORD - - - -
PF7 NREG NREG - - - -
PF8 NIOWR NIOWR - - - -
PF9 CD CcD - - - -
PF10 INTR INTR - - - -
PF11 NIOS16 | NIOS16 - - - -
PF12 A6 - A6 - - -
PF13 A7 - A7 - - -
PF14 A8 - A8 - - -
PF15 A9 - A9 - - -
PGO A10 - A10 - - -
PG1 - - A11 - - -
PE7 D4 D4 D4 DA4 D4 Yes
PES8 D5 D5 D5 DA5 D5 Yes
PE9 D6 D6 D6 DA6 D6 Yes
PE10 D7 D7 D7 DA7 D7 Yes
PEN D8 D8 D8 DAS8 D8 Yes
PE12 D9 D9 D9 DA9 D9 Yes
PE13 D10 D10 D10 DA10 D10 Yes
PE14 D11 D11 D11 DA D11 Yes
PE15 D12 D12 D12 DA12 D12 Yes
PD8 D13 D13 D13 DA13 D13 Yes
38/144 DoclD14611 Rev 12 "_l




STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics
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Table 14. Maximum current consumption in Run mode, code with data processing

running from Flash

Max(")
Symbol Parameter Conditions fucLk Unit
Tpo=85°C | To=105°C
72 MHz 69 70
48 MHz 50 50.5
External clock®, all |36 MHz 39 39.5
peripherals enabled |24 MHz 27 28
16 MHz 20 20.5
| Supply currentin 8 MHz 1 1.5 A
°P Run mode 72 MHz 37 37.5
48 MHz 28 28.5
External clock®, all |36 MHz 22 225
peripherals disabled | 24 MHz 16.5 17
16 MHz 125 13
8 MHz 8 8

1. Guaranteed by characterization results.

2. External clock is 8 MHz and PLL is on when fyc « > 8 MHz.

"Table 15. Maximum current consumption in Run mode, code with data processing

running from RAM

Max(!)
Symbol | Parameter Conditions fucoLk Unit
To=85°C | Tp=105°C
72 MHz 66 67
48 MHz 43.5 45.5
External clock®, all |36 MHz 33 35
peripherals enabled |24 MHz 23 24.5
16 MHz 16 18
Supply current 8 MHz 9 10.5
IDD . mA
in Run mode 72 MHz 33 33.5
48 MHz 23 23.5
External clock®, all |36 MHz 18 18.5
peripherals disabled |24 MHz 13 135
16 MHz 10 10.5
8 MHz 6 6.5
1. Guaranteed by characterization results at Vpp max, fyc g max.
2. External clock is 8 MHz and PLL is on when fyc k > 8 MHz.
DoclD14611 Rev 12 471144




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Table 17. Typical and maximum current consumptions in Stop and Standby modes

Typ“) Max
Symbol | Parameter Conditions Voo/VearVoo/Vear Voo Vear| Ta= | Ta= Unit
=20V | =24V | =3.3V | 85°C |105°C
Regulator in run mode, low-speed
and high-speed internal RC
oscillators and high-speed oscillator ) 34.5 35 379 | 1130
Supply current |OFF (no independent watchdog)
in Stop mode Regulator in low-power mode, low-
speed and high-speed internal RC )
oscillators and high-speed oscillator 24.5 25 365 | 1110
| OFF (no independent watchdog)
DD
Low-speed internal RC oscillator ) 3 38 ) ) 7y
and independent watchdog ON '
Supply current [Low-speed internal RC oscillator ) 28 36 ) )
in Standby ON, independent watchdog OFF '
mode Low-speed internal RC oscillator
and independent watchdog OFF, - 1.9 2.1 5@ | 6.5
low-speed oscillator and RTC OFF
Ipp_ VBAT Sj;;;;{pci‘r’gi;” Low-speed oscillator and RTC ON |  1.05 1.1 14 | 2@ | 23@

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

2. Guaranteed by characterization results.

Figure 16. Typical current consumption on Vg1 with RTC on vs. temperature
at different Vgay values

2.5
2
<):3 ——18V
.5 15 2V
g. —A—24V
g 1 —*%—3.3V
8 36V
0.5
0
—45 25 85 105
Temperature (°C) ai17337
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 19. Typical current consumption in Standby mode versus temperature at
different Vpp values

45 -
4 -
35 -
< 3
=5
= =24V
S 251 p
I3 2.7V
E .
2 ——3.0V
C
S 151 =33V
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0
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Temperature (°C) ai18523
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE
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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 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
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 23. HSE 4-16 MHz oscillator characteristics(1(?

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc in | Oscillator frequency - 4 8 16 | MHz
Rr Feedback resistor - - 200 - kQ

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

. .. VDD= 3.3 V, V|N = VSS _ _
in HSE driving current with 30 pF load 1 mA

Im Oscillator transconductance Startup 25 - - mA/N

tSU(HSE)(4) Startup time Vpp is stabilized - 2 - ms

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Guaranteed by characterization results.

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. tsyyse) 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 22). C| 4 and C, » are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 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 22. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

.Gy,
- I " OSC_IN _

sresonator

'I>‘”_ fHSE
Bias

RF | controlled
gain

STM32F

ai17530

1. Rgxr value depends on the crystal characteristics.
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 23. Typical application with a 32.768 kHz crystal

Resonator with
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\‘_CL;]\

'I>'”_ fLSE
Bias

RE| controlled
gain

— I32.768 kHz
‘resonator

STM32F
ai17531
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

62/144 DoclD14611 Rev 12




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.

DoclD14611 Rev 12 711144
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Electrical characteristics

3

Figure 33. PC Card/CompactFlash controller waveforms for common memory write
access
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Figure 51. SPI timing diagram - master mode(")
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1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
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5.3.18 CAN (controller area network) interface
Refer to Section 5.3.14: /O port characteristics for more details on the input/output alternate
function characteristics (CAN_TX and CAN_RX).
5.3.19 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 59 are preliminary values derived
from tests performed under ambient temperature, fpc| k2 frequency and Vpppa supply
voltage conditions summarized in Table 10.
Note: It is recommended to perform a calibration after each power-up.
Table 59. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 24 - 3.6 \%
Vgrer+ | Positive reference voltage - 24 - Vppa V
Vgee- | Negative reference voltage - 0 V
- ;:rrent on the Vrgg input . - 160" | 220 pA
faDc ADC clock frequency - 0.6 - 14 MHz
f5(@) Sampling rate - 0.05 - 1 MHz
fapc = 14 MHz - - 823 kHz
fTR|G(2) External trigger frequency ADC
- - - 17 1fapc
' 3) ) 0 (VssaOr VRer. |
Van | Conversion voltage range tied to ground) VREF+ v
@) . . See Equation 1 and ) )
RaIN External input impedance Table 60 for details 50 KQ
Rapc® | Sampling switch resistance - - - 1 KQ
2) |Internal sample and hold ) ) )
Capc capacitor 8 pF
f =14 MHz 5.9 us
tcal® | Calibration time ADC
- 83 1/fapc
(@) Injection trigger conversion fapc = 14 MHz - - 0.214 s
lat latency . - - 34 | 1ffapc
. (2 |Regular trigger conversion fapc = 14 MHz - - 0.143 Hs
latr latency - - - 24| 1ffape
fapc = 14 MHz 0.107 - 17.1 us
ts(z) Sampling time ADC
- 1.5 - 239.5 | 1/fapc
tSTAB(z) Power-up time - 0 0 1 us
fADC =14 MHz 1 - 18 us
¢ (2) | Total conversion time -
successive approximation) ADC
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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.
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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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6.7.2

134/144

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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