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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

DoclD14611 Rev 12
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Boot modes

At startup, boot pins are used to select one of three boot options:

e Boot from user Flash: you have an option to boot from any of two memory banks. By
default, boot from Flash memory bank 1 is selected. You can choose to boot from Flash
memory bank 2 by setting a bit in the option bytes.

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.

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 = 2.0 to 3.6 V: external analog power supplies for ADC, DAC, Reset
blocks, RCs and PLL (minimum voltage to be applied to VDDA is 2.4 VV when the ADC
or DAC is used). Vppa and Vgga must be connected to Vpp and Vgg, respectively.

e Vpar= 1.8 t0 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 12: Power supply scheme.

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
in reset mode when Vpp is below a specified threshold, Vpor/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 Vpyp 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 12: Embedded reset and power control block characteristics for the values of

Vpor/pDR and 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 modes.

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.

DoclD14611 Rev 12 17/144
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2.3.17

3

periodic interrupt. It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the
internal low-power RC oscillator or the high-speed external clock divided by 128. The
internal low-speed RC has a typical frequency of 40 kHz. The RTC can be calibrated using
an external 512 Hz output to compensate for any natural quartz deviation. The RTC features
a 32-bit programmable counter for long term measurement using the Compare register to
generate an alarm. A 20-bit prescaler is used for the time base clock and is by default
configured to generate a time base of 1 second from a clock at 32.768 kHz.

Timers and watchdogs

The high-density STM32F103xC/D/E performance line devices include up to two advanced-
control timers, up to four general-purpose timers, two basic timers, two watchdog timers and
a SysTick timer.

Table 4 compares the features of the advanced-control, general-purpose and basic timers.

Table 4. High-density timer feature comparison

. Counter | Counter | Prescaler | DMArequest | Capture/compare | Complementary
Timer . .
resolution type factor generation channels outputs
TIM1 Up, Any integer
TIM8, 16-bit down, between 1 Yes 4 Yes
up/down | and 65536
Emg Up, Any integer
’ 16-bit down, between 1 Yes 4 No
TiM4, /down | and 65536
TIM5 up
Any integer
-ll—_llll\\/l/g‘ 16-bit Up between 1 Yes 0 No
and 65536
DoclD14611 Rev 12 19/144




Description STM32F103xC, STM32F103xD, STM32F103xE

Advanced-control timers (TIM1 and TIM8)

The two advanced-control timers (TIM1 and TIM8) can each be seen as a three-phase
PWM multiplexed on 6 channels. They have complementary PWM outputs with
programmable inserted dead-times. They can also be seen as a complete general-purpose
timer. The 4 independent channels can be used for:

e Input capture

e  Output compare

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

If configured as a standard 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 4 synchronizable general-purpose timers (TIM2, TIM3, TIM4 and TIM5)
embedded in the STM32F103xC, STM32F103xD and STM32F103xE 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 16 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.

Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger generation. They can also be used as a
generic 16-bit time base.

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 from 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
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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

Pinouts and pin descriptions

Table 6. FSMC pin definition (continued)

3

FSMC
Pins NOR/PSRAM/ | Boatao
CF CF/IDE SRAM NOR/PSRAM Mux | NAND 16 bit
PD9 D14 D14 D14 DA14 D14 Yes
PD10 D15 D15 D15 DA15 D15 Yes
PD11 - - A16 A16 CLE Yes
PD12 - - A17 A17 ALE Yes
PD13 - - A18 A18 - Yes
PD14 DO DO DO DAO DO Yes
PD15 D1 D1 D1 DA1 D1 Yes
PG2 - - A12 - - -
PG3 - - A13 - - -
PG4 - - A14 - - -
PG5 - - A15 - - -
PG6 - - - - INT2 -
PG7 - - - - INT3 -
PDO D2 D2 D2 DA2 D2 Yes
PD1 D3 D3 D3 DA3 D3 Yes
PD3 - - CLK CLK - Yes
PD4 NOE NOE NOE NOE NOE Yes
PD5 NWE NWE NWE NWE NWE Yes
PD6 NWAIT NWAIT NWAIT NWAIT NWAIT Yes
PD7 - - NE1 NE1 NCE2 Yes
PG9 - - NE2 NE2 NCE3 -
PG10 NCE4_1 | NCE4_1 NE3 NE3 - -
PG11 NCE4_2 | NCE4_2 - - - -
PG12 - - NE4 NE4 - -
PG13 - - A24 A24 - -
PG14 - - A25 A25 - -
PB7 - - NADV NADV - Yes
PEO - - NBLO NBLO - Yes
PE1 - - NBL1 NBL1 - Yes
Ports F and G are not available in devices delivered in 100-pin packages.
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Memory mapping STM32F103xC, STM32F103xD, STM32F103xE

4 Memory mapping

The memory map is shown in Figure 9.

Figure 9. Memory map

Reserved 0xA000 1000 - 0OxBFFF FFFF
FSMC register 0xA000 0000 - 0xA000 OFFF
FSMC bank4 PCCARD 0x9000 0000 - OX9FFF FFFF
| FSMC bank3 NAND (NAND2) | 0x8000 0000 - Ox8FFF FFFF
FSMC bank2 NAND (NAND1) [ 0x7000 0000 - Ox7FFF FFFF
| FSMC bank1 NOR/PSRAM 4_| 0x6C00 0000 - Ox6FFF FFFF
FSMC banki1 NOR/PSRAM 3 | 0x6800 0000 - 0x6BFF FFFF
FSMC bank1 NOR/PSRAM 2 | 0x6400 0000 - 0x67FF FFFF
[ FSMC bankT NOR/PSRAM 1 | 0x6000 0000 - Ox63FF FFFF
Reserved 0x4002 4400 - OX5FFF FFFF
CRC 0x4002 3000 - 0x4002 33FF
Reserved 0x4002 2400 - 0x4002 2FFF
Flash interface 0x4002 2000 - 0x4002 23FF
Reserved 0x4002 1400 - 0x4002 1FFF
RCC 0x4002 1000 - 0x4002 13FF
Reserved 0x4002 0400 - 0x4002 OFFF
DMA2 0x4002 0400 - 0x4002 07FF
DMA1 0x4002 0000 - 0x4002 03FF
Reserved 0x4001 8400 - 0x4001 FFFF
SDIO 0x4001 8000 - 0x4001 83FF
Reserved 0x4001 400 - 0x4001 7FFF
ADC3 0x4001 3C00 - 0x4001 3FFF
USART1 0x4001 3800 - 0x4001 3BFF
TIV8 0x4001 3400 - 0x4001 37FF
x4001 - 0x4001 33FF
OxFFFF FFFF ™5 12-Mbyte ?,m gx4gg1 gg%?) -%x4%%1 323FFF
block 7 ADC2 0x4001 2800 - 0x4001 2BFF
Cortex-M3's ADC1 0x4001 2400 - 0x4001 27FF
internal Port G 0x4001 2000 - 0x4001 23FF
0xE000 0000| peripherals Port F 0x4001 1C00 - 0x4001 1FFF
OXDFFF FFFF PortE 0x4001 1800 - 0x4001 1BFF
512-Mbyte Port D 0x4001 1400 - 0x4001 17FF
block 6 Port C 0x4001 1000 - 0x4001 13FF
Not used Feik 04001 0800 - 0réo01 0BEF
0xC000 0000 EXTI 0x4001 0400 - 0x4001 07FF
OxBFFF FFFF AFIO 0x4001 0000 - 0x4001 03FF
512-Mbyte Reserved 0x4000 7800 - 0x4000 FFFF
block 5 DAC 0x4000 7400 - 0x4000 77FF
FSMC register PWR 0x4000 7000 - 0x4000 73FF
BKP. 0x4000 6CO0 - 0x4000 6FFF
(g()g?:?:ofg Ig,%(:)g Reserved 0x4000 6800 - 0x4000 6BFF
512-Mbyte BXCAN 0x4000 6400 - 0x4000 67FF
block 4 Shared USB/CAN SRAM 512 | 0x4000 6000 - 0x4000 63FF
bytes
FSMC bank 3 USB registers 0x4000 5C00 - 0x4000 5FFF
& bank4 12C2 0x4000 5800 - 0x4000 5BFF
0%?:%0,:0 ,9,9,92 ------------ 12C1 0x4000 5400 - 0x4000 57FF
512-Mbyte UART5 0x4000 5000 - 0x4000 53FF
block 3 UART4 0x4000 4C00 - 0x4000 4FFF
FSMC bank1 USART3 0x4000 4800 - 0x4000 4BFF
0X6000 0000 & bank2 USART2 0x4000 4400 - 0x4000 47FF
Ox5FFF FFFF Reserved 0x4000 4000 - 0x4000 43FF
512-Mbyte SPI3/I*S3 0x4000 3C00 - 0x4000 3FFF
block 2 SPI2/’S2 0x4000 3800 - 0x4000 3BFF
Peripherals Reserved 0x4000 3400 - 0x4000 37FF
0x4000 0000 IWDG 0x4000 3000 - 0x4000 33FF
Ox3FFF FFFF WWDG 0x4000 2C00 - 0x4000 2FFF
512-Mbyte RTC 0x4000 2800 - 0x4000 2BFF
block 1 Reserved 0x4000 1800 - 0x4000 27FF
SRAM TIM7 0x4000 1400 - 0x4000 17FF
0x2000 0000 TIM6 0x4000 1000 - 0x4000 13FF
Ox1FFF FFFF TIM5 0x4000 0CO0 - 0x4000 OFFF
512-Mbyte TIM4 0x4000 0800 - 0x4000 OBFF
block 0 TIM3 0x4000 0400 - 0x4000 07FF
Code TIM2 0x4000 0000 - 0x4000 03FF
0x0000 0000 Reserved Ox3FFF FFFF
0x2001 0000
SRAM (64 KB aliased | 02000 FFFF
by bit-banding) 0X2000 0000
Option Bytes 0x1FFF F800 - Ox1FFF F80F
System memory 0x1FFF FO00- Ox1FFF F7FF
0x1FFF EFFF
Reserved 0x0808 0000
outer er
Reserved 0+0008 000
Aliased to Flash or system | 0x0007 FFFF
memory depending on _
BOOT pins 0x0000 0000 ai14753d
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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

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 24. 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 24. LSE oscillator characteristics (f_sg = 32.768 kHz)(1(2)

Symbol Parameter Conditions Min | Typ | Max | Unit
Rg Feedback resistor - - 5 - MQ
Recommended load capacitance
c@ versus equivalent serial Rgs =30 kQ - - 15 pF
resistance of the crystal (Rg)
I LSE driving current Vpp=3.3V,V|y=Vss - - 1.4 MA
Im Oscillator transconductance - 5 - - AV
Tpo=50°C - 1.5 -
Tp=25°C - 25 -
Tp=10°C - 4 -
tSU(LSE)(s) Startup time st:\a/t?iﬁzlzd T::Az -:)O ?C _ 160 i s
Tpo=-20°C - 17 -
Tp=-30°C - 32 -
Tp=-40°C - 60 -

Guaranteed by characterization results.

2. Refer to the note and caution paragraphs below the table, and to the application note AN2867 “Oscillator design guide for
ST microcontrollers”.

3. tsy(sk) is the startup time measured from the moment it is enabled (by software) until a stabilized 32.768 kHz oscillation is
reached. This value is measured for a standard crystal and it can vary significantly with the crystal manufacturer, PCB
layout and humidity.

Note: For C, 4 and C, », it is recommended to use high-quality ceramic capacitors in the 5 pF to
15 pF range selected to match the requirements of the crystal or resonator (see Figure 23).
Cr1and C; 5 are usually the same size. The crystal manufacturer typically specifies a load
capacitance which is the series combination of C; 4 and Cj ».
Load capacitance C, has the following formula: C = C 1 x C\ 2/ (C4 + Cp) + Cgyryy, where
Cst,ay is the pin capacitance and board or trace PCB-related capacitance. Typically, it is
between 2 pF and 7 pF.

Caution:  To avoid exceeding the maximum value of C, 4 and C, 5 (15 pF) it is strongly recommended
to use a resonator with a load capacitance C| <7 pF. Never use a resonator with a load
capacitance of 12.5 pF.

Example: if you choose a resonator with a load capacitance of C| = 6 pF, and Cgjray = 2 pF,
then CL1 = CLZ = 8 pF.

3
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

5.3.8 PLL characteristics

The parameters given in Table 28 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 10.

Table 28. PLL characteristics

Value
Symbol Parameter Unit
Min Typ Max(1)

. PLL input clock(@ 1 8.0 25 MHz
PLL_IN

- PLL input clock duty cycle 40 - 60 %
fpLL ouT PLL multiplier output clock 16 - 72 MHz
t ock PLL lock time - - 200 us
Jitter Cycle-to-cycle jitter - - 300 ps

1. Guaranteed by characterization results.

2. Take care of using the appropriate multiplier factors so as to have PLL input clock values compatible with
the range defined by fp; | ouT

5.3.9 Memory characteristics

Flash memory

The characteristics are given at Ty = —40 to 105 °C unless otherwise specified.

Table 29. Flash memory characteristics

Symbol Parameter Conditions Min Typ | Max( | Unit
torog | 16-bit programming time | Ty = —40 to +105 °C 40 52.5 70 ys
terase | Page (2 KB) erase time | Tp=-40to +105°C 20 - 40 ms
tye | Mass erase time Tp=-40to +105°C 20 - 40 ms
Read mode
fucLk = 72 MHz with 2 wait - - 28 mA
states, Vpp =3.3V
Write Tode ) ) ) 7 mA
Ipp | Supply current fcLk = 72 MHz, Vpp = 3.3V
Erase mode
fuclk = 72 MHz, Vpp =3.3V|  ~ - 5 | mA
Power-down mode / Hal,
Vpp=3.0t03.6V - - 50 | wA
Vorog | Programming voltage - 2 - 3.6 \%

1. Guaranteed by design.

3
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STM32F103xC, STM32F103xD, STM32F103xE

Electrical characteristics

3

Table 35. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twcLk) FSMC_CLK period 27.7 - ns
td(CLKL-NExL) FSMC_CLK low to FSMC_NEXx low (x = 0...2) - 1.5 ns
td(CLKL-NEXH) FSMC_CLK low to FSMC_NEXx high (x = 0...2) 2 - ns
tacke-napbve) | FSMC_CLK low to FSMC_NADV low - 4 ns
tacLke-NapvH) | FSMC_CLK low to FSMC_NADYV high 5 - ns
tacLKL-AV) FSMC_CLK low to FSMC_Ax valid (x = 16...25) - 0 ns
ta(cLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x = 16...25) 2 - ns
td(CLKL-NOEL) FSMC_CLK low to FSMC_NOE low - 1 ns
td(CLKL-NOEH) FSMC_CLK low to FSMC_NOE high 1.5 - ns
td(cLKL-ADV) FSMC_CLK low to FSMC_AD[15:0] valid - 12 ns
ty(cLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid 0 - ns
tau(ADV-CLKH) ESI;I/IC_A/DUS:O] valid data before FSMC_CLK 6 ) ns
th(CLKH-ADV) FSMC_A/D[15:0] valid data after FSMC_CLK high 0 - ns
tsunwAITv-cLKH) | FSMC_NWAIT valid before FSMC_CLK high 8 - ns
th(cLkH-NwAITv) | FSMC_NWAIT valid after FSMC_CLK high 2 - ns
1. C_=15pF.

2. Guaranteed by characterization results.
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Table 36. Synchronous multiplexed PSRAM write timings(1(2)

Symbol Parameter Min Max | Unit
twicLk) FSMC_CLK period 27.7 - ns
ta(CLKL-NEXL) FSMC_CLK low to FSMC_Nex low (x = 0...2) - 2 ns
td(CLKL-NExH) FSMC_CLK low to FSMC_NEXx high (x = 0...2) 2 - ns
ty(CLKL-NADVL) FSMC_CLK low to FSMC_NADV low - 4 ns
td(CLKL-NADVH) FSMC_CLK low to FSMC_NADV high 5 - ns
tycLkL-AV) FSMC_CLK low to FSMC_Ax valid (x = 16...25) - 0 ns
tacLKL-AIY) FSMC_CLK low to FSMC_Ax invalid (x = 16...25) 2 - ns
ta(CLKL-NWEL) FSMC_CLK low to FSMC_NWE low - 1 ns
td(CLKL-NWEH) FSMC_CLK low to FSMC_NWE high 1 - ns
ty(cLKL-ADV) FSMC_CLK low to FSMC_AD[15:0] valid - 12 ns
ty(cLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid 3 - ns
tacLKL-Data) FSMC_A/D[15:0] valid after FSMC_CLK low - 6 ns
td(CLKL-NBLH) FSMC_CLK low to FSMC_NBL high 1 - ns
tsunwaITv-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 7 - ns
thcLkH-NwaITy) | FSMC_NWAIT valid after FSMC_CLK high 2 - ns
1. C_=15pF.

2. Guaranteed by characterization results.
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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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Table 63. DAC characteristics (continued)

Symbol Parameter Min | Typ Max Unit Comments
Offset error ) ) *10 mv )
(difference between ) ) +3 LSB Given for the DAC in 10-bit at Vrgp.
Offset®  |measured value at Code - =36V
(0x800) and the ideal value = Given for the DAC in 12-bit at Vegrs
VREF+/2) - - 12 LSB | 36V
Galn(s) Gain error ) ) +0.5 % legn for t.he DAC in 12bit
error configuration
Settling time (full scale: for a
10-bit input code transition
(3)|petween the lowest and the )
ISETTLING highest input codes when 3 4 M |CLoap <50 pF, Rioap 2 5 kQ
DAC_OUT reaches final
value +1LSB
Max frequency for a correct
Update DAC_OUT change when
rate(®) small variation in the input i i L MS/s|CLoap <50 PF, Rioap 2 5 kQ
code (from code i to i+1LSB)
Wakeup time from off state CLoap £50 pF, R pap 25 kQ
twakeup') |(Setting the ENXx bit in the - 6.5 10 Ms  |input code between lowest and
DAC Control register) highest possible ones.
Power supply rejection ratio
PSRR+ (V) |(to Vppa) (static DC - | -67 -40 dB  |No R oap: CLoap = 50 pF
measurement

1. Guaranteed by design.

Guaranteed by characterization.

3. The quiescent mode corresponds to a state where the DAC maintains a stable output level to ensure that no dynamic
consumption occurs.

4. Guaranteed by characterization results.

3

Figure 61. 12-bit buffered /non-buffered DAC

Buffered/Non-buffered DAC
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1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external
loads directly without the use of an external operational amplifier. The buffer can be bypassed by
configuring the BOFFx bit in the DAC_CR register.
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6

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.

LFBGA144 package information

Figure 62. LFBGA144 — 144-ball low profile fine pitch ball grid array, 10 x 10 mm,
0.8 mm pitch, package outline
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1. Drawing is not to scale.

Table 65. LFBGA144 — 144-ball low profile fine pitch ball grid array, 10 x 10 mm,

0.8 mm pitch, package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Typ Min Max
AR - - 1.700 - - 0.0669
A1 0.250 0.300 0.350 0.098 0.0118 0.0138
A2 0.810 0.910 1.010 0.0319 0.0358 0.0398
A3 0.225 0.26 0.295 0.0089 0.0102 0.0116
Ad 0.585 0.650 0.715 0.0230 0.0256 0.0281
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Device marking for LFBGA100 package

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.
Figure 67. LFBGA100 marking example (package top view)
" I X < Additional
_ information
Product identification'"«— STM32F 103

—
\‘ V&HE

Date code

Y (WWw

BallA — | O
indentifier

MSv39408V1

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.

3
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6.4 LQFP144 package information

Figure 70. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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7 Part numbering

Table 75. Ordering information scheme

Example: STM32 F 103 R C T 6 xxx

Device family
STM32 = ARM-based 32-bit microcontroller

Product type
F = general-purpose

Device subfamily
103 = performance line

Pin count
R = 64 pins
V =100 pins
Z = 144 pins

Flash memory size

C = 256 Kbytes of Flash memory
D = 384 Kbytes of Flash memory
E = 512 Kbytes of Flash memory

Package
H =BGA
T =LQFP
Y = WLCSP64

Temperature range
6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °C.

Options
XXX = programmed parts
TR = tape and real

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact your nearest ST sales office.

3
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Table 76.Document revision history

Date

Revision

Changes

21-Jul-2009

Figure 1: STM32F103xC, STM32F103xD and STM32F103xE
performance line block diagram updated.

Note 5 updated and Note 4 added in Table 5: High-density
STM32F103xC/D/E pin definitions.

VRerINT @nd Teoeff @added to Table 13: Embedded internal reference
voltage.

Table 16: Maximum current consumption in Sleep mode, code running
from Flash or RAM modified.

fuse ext Min modified in Table 21: High-speed external user clock
characteristics.

Cr1and Cy, replaced by C in Table 23: HSE 4-16 MHz oscillator
characteristics and Table 24: LSE oscillator characteristics (fLSE =
32.768 kHz), notes modified and moved below the tables.

Note 1 modified below Figure 29: Synchronous multiplexed PSRAM
write timings. Table 25: HSI oscillator characteristics modified.
Conditions removed from Table 27: Low-power mode wakeup timings.
Jitter added to Table 28: PLL characteristics.

Figure 47: Recommended NRST pin protection modified.

In Table 31: Asynchronous non-multiplexed SRAM/PSRAM/NOR read
timings: thL_NoE) @nd tha_nog) modified.

In Table 32: Asynchronous non-multiplexed SRAM/PSRAM/NOR write
timings: th(A_NWE) and th(Data_NWE) modified.

In Table 33: Asynchronous multiplexed PSRAM/NOR read timings:
th(AD_NADV) and th(A_NOE) modified.

In Table 34: Asynchronous multiplexed PSRAM/NOR write timings:
th(A_NWE) modified.

In Table 35: Synchronous multiplexed NOR/PSRAM read timings:
thcLkH-NwaITY) Modified.

In Table 40: Switching characteristics for NAND Flash read and write
cycles: thnoe-p) modified.

Table 53: SPI characteristics modified. Values added to Table 54: I12S
characteristics and Table 55: SD / MMC characteristics.

Capc and Ry parameters modified in Table 59: ADC characteristics.
Rain max values modified in Table 60: RAIN max for fADC = 14 MHz.
Table 71: DAC characteristics modified. Figure 61: 12-bit buffered /non-
buffered DAC added.

Figure 63: LFBGA100 - 10 x 10 mm low profile fine pitch ball grid array
package outline and Table 75: LFBGA100 - 10 x 10 mm low profile fine
pitch ball grid array package mechanical data updated.

24-Sep-2009

Number of DACs corrected in Table 3: STM32F103xx family.

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

Figure 16: Typical current consumption on VBAT with RTC on vs.
temperature at different VBAT values added.

IEC 1000 standard updated to IEC 61000 and SAE J1752/3 updated to
IEC 61967-2 in Section 5.3.11: EMC characteristics on page 87.

Table 63: DAC characteristics modified. Small text changes.
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