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STM32F103xC, STM32F103xD,

STM32F103xE

High-density performance line Arm®-based 32-bit MCU with 256 to 512KB
Flash, USB, CAN, 11 timers, 3 ADCs, 13 communication interfaces

Features

e Core: Arm® 32-bit Cortex®-M3 CPU
— 72 MHz maximum frequency, 1.25 DMIPS/MHz
(Dhrystone 2.1) performance at 0 wait state
memory access
— Single-cycle multiplication and hardware
division
e Memories
— 256 to 512 Kbytes of Flash memory
— up to 64 Kbytes of SRAM
— Flexible static memory controller with 4 Chip
Select. Supports Compact Flash, SRAM,
PSRAM, NOR and NAND memories
— LCD parallel interface, 8080/6800 modes

¢ Clock, reset and supply management

— 2.0to 3.6 V application supply and I/Os

— POR, PDR, and programmable voltage detector

(PVD)

— 4-to-16 MHz crystal oscillator

— Internal 8 MHz factory-trimmed RC

— Internal 40 kHz RC with calibration

— 32 kHz oscillator for RTC with calibration
e Low power

— Sleep, Stop and Standby modes

— Vgar supply for RTC and backup registers

e 3 x 12-bit, 1 ys A/D converters (up to 21
channels)

Datasheet —production data

WLCSP64 .

LQFP64 10 x 10 mm,
LFBGA100 10 x 10 mm

LQFP100 14 x 14 mm,
LQFP144 20 x 20 mm LFBGA144 10 x 10 mm

e Upto 11 timers

— Up to four 16-bit timers, each with up to 4
IC/OC/PWM or pulse counter and quadrature
(incremental) encoder input

— 2 x 16-bit motor control PWM timers with dead-
time generation and emergency stop

— 2 x watchdog timers (Independent and Window)

— SysTick timer: a 24-bit downcounter

— 2 x 16-bit basic timers to drive the DAC

e Up to 13 communication interfaces

- Upto2x 12C interfaces (SMBus/PMBus)

— Up to 5 USARTSs (ISO 7816 interface, LIN, IrDA
capability, modem control)

— Up to 3 SPIs (18 Mbit/s), 2 with I°S interface
multiplexed

— CAN interface (2.0B Active)

— USB 2.0 full speed interface

— SDIO interface

e CRC calculation unit, 96-bit unique 1D
e ECOPACK® packages

Table 1.Device summary

— Conversion range: 0 to 3.6 V
— Triple-sample and hold capability Reference Part number
— Temperature sensor STM32F103RC STM32F103VC
e 2 x 12-bit D/A converters STM32F103xC STM32F103ZC
e DMA: 12—chann§I DMA cgntroller STM32F103xD STM32F103RD STM32F103VD
— Supported peripherals: timers, ADCs, DAC, STM32F103ZD
2 2
SDIO, I“Ss, SPIs, I“Cs and USARTs STM32F 1034E STM32F103RE STM32F103ZE
e Debug mode STM32F103VE
— Serial wire debug (SWD) & JTAG interfaces
- Cortex®-M3 Embedded Trace Macrocell™
e Upto 112 fast I/O ports
— 51/80/112 1/Os, all mappable on 16 external
interrupt vectors and almost all 5 V-tolerant
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STM32F103xC, STM32F103xD, STM32F103xE Introduction

1 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 Arm®®@) 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.

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
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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 1/0Os 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 I12Ss, 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

2.1

3

Device overview

The STM32F103xC/D/E high-density performance line family offers devices in six different
package types: from 64 pins to 144 pins. Depending on the device chosen, different sets of
peripherals are included, the description below gives an overview of the complete range of
peripherals proposed in this family.

Figure 1 shows the general block diagram of the device family.

Table 2. STM32F103xC, STM32F103xD and STM32F103xE features
and peripheral counts

Peripherals STM32F103Rx STM32F103Vx STM32F1032Zx

Flash memory in Kbytes 256 384 | 512 | 256 | 384 | 512 | 256 | 384 | 512
SRAM in Kbytes 48 64 48 64 48 64
FSMC No Yes(!) Yes

General-purpose 4
Timers | Advanced-control 2

Basic 2

SPI(125)@) 3(2)

1’c 2

USART 5
Comm

usB 1

CAN 1

SDIO 1
GPIOs 51 80 112
12-bit ADC 3 3 3
Number of channels 16 16 21
12-bit DAC 2
Number of channels 2
CPU frequency 72 MHz
Operating voltage 20to 3.6V
Operating temperatures Ambient temperatures: —40 te +85 °C /-40 too +105 °C (see Table 10)

Junction temperature: —40 to + 125 °C (see Table 10)

Package LQFP64, WLCSP64 LQFP100, BGA100 | LQFP144, BGA144

1. For the LQFP100 and BGA100 packages, only FSMC Bank1 and Bank2 are available. Bank1 can only
support a multiplexed NOR/PSRAM memory using the NE1 Chip Select. Bank2 can only support a 16- or
8-bit NAND Flash memory using the NCE2 Chip Select. The interrupt line cannot be used since Port G is
not available in this package.

2. The SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode or the
1°S audio mode.
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Description STM32F103xC, STM32F103xD, STM32F103xE
Figure 1. STM32F103xC, STM32F103xD and STM32F103xE performance line block
diagram
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BKIN, ETR as AF = ggl(S/%SKI,D’MN(!E,ONSS/WS as AF
4 channels
3 compl. channels ﬁ SCL, SDA, SMBA as AF
BKIN, ETR as AF
MOSI, MISO, et <> [sramsize <= <= ez | SCL, SDA, SMBA as AF
SCK, NSS as AF I:
® <ﬁ> < ﬁ >| bxCAN device
RIS Ok as AF USART! WWBG <::;'>|:USB,DP/CAN7TX
= USB 2.0 FS USB_DM/CAN_RX
‘emp. sensor| 4.‘ device
8 ADC123_INs N ) ﬁ <=> {120t pact » DAC_OUT1 as AF
common to the 3 ADCs 12-bit ADC1 |:F=<::(> IF —| DAG OUT as AF
8 ADC12_INs common ] ﬁ < ﬁ > |120itDAC2 > — as
o ADGS & ADGS 12-bit ADC2 | IF K —— > |
5ADC3_INs on ADC3 | =1 12-pit ADG3 | IF K= > @Vppa
Vegr- <—J r @ Vppa —
REF+

ai14666g

1.

temperature up to 105 °C or 125 °C, respectively.

2. AF = alternate function on 1/O port pin.9
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Tp =-40 °C to +85 °C (suffix 6, see Table 75) or —40 °C to +105 °C (suffix 7, see Table 75), junction
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STM32F103xC, STM32F103xD, STM32F103xE Description

Figure 2. Clock tree

FLITFCLK
»  to Flash programming interface
usB 48 MHz USBCL}_(
Prescaler ———————» to USB interface
n,15

[ 12S3CLK |\ oss

Peripheral clock
enable [ 1282CLK » 101252

Peripheral clocl:k_(/
8 MH enable - SDIOCLK to SDIO
Z Peripheral clock
HSIRC | Sl enable FSMGCLK
1 - to FSMC
P Peripheral clock

|
enable HCLK

72 MHz max to AHB bus, core,
Clock memory and DMA
sw Enable (4 its) to Cortex System timer
PLLSRC

PLLMUL FCLK Cortex
] svbad AnB APBI free running clock
., X16
X2, x3, x4 Prescaler [t Prescaler 36 MHz max [ POLK1 <
) X9, PLLCLK 72 MHz to APB1
PLL max |/1,2.512 1,2,4,8,16 peripherals

Peripheral Clock
HSE Enable (20 bits)

TIM2,3,4,5,6,7
If (APB1 prescaler =1) x1 to TIM2,3,4,5.6 and 7
CSS

else x2 TIMXCLK

Peripheral Clock
Enable (6 bits)

PLLXTPRE APB2

0sc_ouT Prescaler |42 MHz max F’C.ZLK2
N 4-16 MHz N, 2,4 8,16 peripherals to APB2

Peripheral Clock
HSE OSC Enable (15 bits)
OSC_IN[ |

TIM1 & 8 timers
L |If (APB2 prescaler =1) x1 to TIMY and TIM8
else x2 TIMxCLK
Peripheral Clock
l ADC Enable (2 bit)
0SC32 IN || to ADC1,20r 3
- LSE 0SC LsE _oRIC Prescaler [ —Apccik — *
32.768 kHz RTCCLK 12,4,6,8
0SC32_0uT
RTCSEL[1:0] . HCLK/2
To SDIO AHB interface
Peripheral clock
LSIRC Ls| to Independent Watchdog (IWD(E) enable
40 kHz IWDGCLK
Main PLLCLK Legend:
Clock Output HSE = High Speed External clock signal
MCO < HSI HSI = High Speed Internal clock signal
HSE LSI = Low Speed Internal clock signal
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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Description STM32F103xC, STM32F103xD, STM32F103xE

2.2 Full compatibility throughout the family

The STM32F103xC/D/E is a complete family whose members are fully pin-to-pin, software
and feature compatible. In the reference manual, the STM32F103x4 and STM32F103x6 are
identified as low-density devices, the STM32F 103x8 and STM32F103xB are referred to as
medium-density devices and the STM32F103xC, STM32F103xD and STM32F103xE are
referred to as high-density devices.

Low-density and high-density devices are an extension of the STM32F103x8/B medium-
density devices, they are specified in the STM32F103x4/6 and STM32F103xC/D/E
datasheets, respectively. Low-density devices feature lower Flash memory and RAM
capacities, less timers and peripherals. High-density devices have higher Flash memory
and RAM capacities, and additional peripherals like SDIO, FSMC, 12S and DAC while
remaining fully compatible with the other members of the family.

The STM32F103x4, STM32F103x6, STM32F103xC, STM32F103xD and STM32F103xE
are a drop-in replacement for the STM32F103x8/B devices, allowing the user to try different
memory densities and providing a greater degree of freedom during the development cycle.

Moreover, the STM32F103xx performance line family is fully compatible with all existing
STM32F101xx access line and STM32F102xx USB access line devices.

Table 3. STM32F103xx family

Low-density devices Medium-density devices High-density devices
. 32 KB 128 KB 256 KB
Pinout | 16 KB Flash Flash(" 64 KB Flash Flash Flash 384 KB Flash | 512 KB Flash

6 KB RAM | 10 KB RAM | 20 KB RAM | 20 KB RAM 48 RAM 64 KB RAM | 64 KB RAM

144 5 x USARTs
100 4 x 16-bit timers, 2 x basic timers
3 x USARTs 3 x SPls, 2 x I2Ss, 2 x |12Cs
2 x USARTSs 3 x 16-bit timers USB, CAN, 2 x PWM timers
64 2 x SPIs, 2 x 12Cs, USB, 3 x ADCs, 2 x DACs, 1 x SDIO

2 x 16-bit timers

1 x SPI, 1 x IC, USB, CAN,
48 1 x PWM timer

36 2 x ADCs

CAN, 1 x PWM timer FSMC (100- and 144-pin packages(®)
2 x ADCs

1. For orderable part numbers that do not show the A internal code after the temperature range code (6 or 7), the reference
datasheet for electrical characteristics is that of the STM32F 103x8/B medium-density devices.

2. Ports F and G are not available in devices delivered in 100-pin packages.

3
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2.3

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

3

Overview

Arm® Cortex®-M3 core with embedded Flash and SRAM

The Arm Cortex®-M3 processor is the latest generation of Arm processors for embedded
systems. It has been developed to provide a low-cost platform that meets the needs of MCU
implementation, with a reduced pin count and low-power consumption, while delivering
outstanding computational performance and an advanced system response to interrupts.

The Arm Cortex®-M3 32-bit RISC processor features exceptional code-efficiency, delivering
the high-performance expected from an Arm core in the memory size usually associated
with 8- and 16-bit devices.

With its embedded Arm core, STM32F103xC, STM32F103xD and STM32F103xE
performance line family is compatible with all Arm tools and software.

Figure 1 shows the general block diagram of the device family.

Embedded Flash memory
Up to 512 Kbytes of embedded Flash is available for storing programs and data.

CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a signature of
the software during runtime, to be compared with a reference signature generated at link-
time and stored at a given memory location.

Embedded SRAM

Up to 64 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed with 0 wait
states.

FSMC (flexible static memory controller)

The FSMC is embedded in the STM32F103xC, STM32F103xD and STM32F103xE
performance line family. It has four Chip Select outputs supporting the following modes: PC
Card/Compact Flash, SRAM, PSRAM, NOR and NAND.

Functionality overview:

e  The three FSMC interrupt lines are ORed in order to be connected to the NVIC

e  Write FIFO

e  Code execution from external memory except for NAND Flash and PC Card

e The targeted frequency, fg k, is HCLK/2, so external access is at 36 MHz when HCLK
is at 72 MHz and external access is at 24 MHz when HCLK is at 48 MHz

DS5792 Rev 13 15/143




Description STM32F103xC, STM32F103xD, STM32F103xE

2.3.6 LCD parallel interface

The FSMC can be configured to interface seamlessly with most graphic LCD controllers. It
supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to
specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost-
effective graphic applications using LCD modules with embedded controllers or high-
performance solutions using external controllers with dedicated acceleration.

2.3.7 Nested vectored interrupt controller (NVIC)

The STM32F103xC, STM32F103xD and STM32F103xE performance line embeds a nested
vectored interrupt controller able to handle up to 60 maskable interrupt channels (not
including the 16 interrupt lines of Cortex®—M3) and 16 priority levels.

e  Closely coupled NVIC gives low latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Closely coupled NVIC core interface

e Allows early processing of interrupts

e  Processing of late arriving higher priority interrupts

e  Support for tail-chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimal interrupt
latency.

2.3.8 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 19 edge detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 112 GPIOs can be connected
to the 16 external interrupt lines.

2.3.9 Clocks and startup

System clock selection is performed on startup, however the internal RC 8 MHz oscillator is
selected as default CPU clock on reset. An external 4-16 MHz clock can be selected, in
which case it is monitored for failure. If failure is detected, the system automatically switches
back to the internal RC oscillator. A software interrupt is generated if enabled. Similarly, full
interrupt management of the PLL clock entry is available when necessary (for example with
failure of an indirectly used external oscillator).

Several prescalers allow the configuration of the AHB frequency, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB and
the high speed APB domains is 72 MHz. The maximum allowed frequency of the low speed
APB domain is 36 MHz. See Figure 2 for details on the clock tree.

3

16/143 DS5792 Rev 13




STM32F103xC, STM32F103xD, STM32F103xE Description

2.3.10

2.3.11

2.3.12

2.3.13

3

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 po