r STM32F102x8
Y/ STM32F102xB
Medium-density USB access line, ARM-based 32-bit MCU with 64/128KB
Flash, USB FS interface, 6 timers, ADC & 8 communication interfaces

Features

m Core: ARM 32-bit Cortex™-M3 CPU

— 48 MHz maximum frequency,
1.25 DMIPS/MHz (Dhrystone 2.1)

performance at 0 WS memory access LQFP64 LQFP48
— Single-cycle multiplication and hardware 10> 10 mm 77 mm
division
m Memories m Up to 6 timers
— 64 or 128 Kbytes of Flash memory — Three 16-bit timers, each with up to 4
— 10 or 16 Kbytes of SRAM IC/OC/PWM or pulse counter
m Clock, reset and supply management — 2 watchdog timers (Independent and
— 2.0to0 3.6 V application supply and 1/Os Window)
— POR, PDR and programmable voltage — SysTick timer: 24-bit downcounter
detector (PVD) m Up to 8 communication interfaces
— 4-to-16 MHz crystal oscillator — Upto 2 x I2C interfaces (SMBus/PMBus)
— Internal 8 MHz factory-trimmed RC — Up to 3 USARTS (ISO 7816 interface, LIN,
— Internal 40 kHz RC IrDA capability, modem control)
— PLL for CPU clock — Up to 2 SPIs (12 Mbit/s)
— 32 kHz oscillator for RTC with calibration — USB 2.0 full speed interface
m Low power m CRC calculation unit, 96-bit unique ID
— Sleep, Stop and Standby modes m ECOPACK® packages
— Vpgar supply for RTC and backup registers
m Debug mode Table 1. Device summary
— Serial wire debug (SWD) and JTAG Reference Part number
interfaces STM32F102x8 | STM32F102C8, STM32F102R8
m DMA STM32F102xB | STM32F102CB, STM32F102RB
— 7-channel DMA controller
— Peripherals supported: timers, ADC, SPls,
12Cs and USARTSs
m 1 x 12-bit, 1.2 ys A/D converter (up to 16
channels)
— Conversion range: 0t0 3.6 V
— Temperature sensor
m Up to 51 fast I/O ports
— 37/51 I0s all mappable on 16 external
interrupt vectors and almost all 5 V-tolerant
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STM32F102x8, STM32F102xB Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F102x4 and STM32F102x6 medium-density USB access line microcontrollers.
For more details on the whole STMicroelectronics STM32F102xx family, please refer to
Section 2.2: Full compatibility throughout the family.

The medium-density STM32F102xx datasheet should be read in conjunction with the low-,
medium- and high-density 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/help/index.jsp?topic=/com.arm.doc.ddi0337e/.
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2 Description

The STM32F102xx medium-density USB access line incorporates the high-performance
ARM Cortex™-M3 32-bit RISC core operating at a 48 MHz frequency, high-speed
embedded memories (Flash memory of 64 or 128 Kbytes and SRAM of 10 or 16 Kbytes),
and an extensive range of enhanced peripherals and I/Os connected to two APB buses. All
devices offer standard communication interfaces (two 1°Cs, two SPls, one USB and three
USARTS), one 12-bit ADC and three general-purpose 16-bit timers.

The STM32F102xx family operates in the —40 to +85 °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.

The STM32F102xx medium-density USB access line is delivered in the LQFP48 7 x 7 mm
and LQFP64 10 x 10 mm packages.

The STM32F102xx medium-density USB access line microcontrollers are suitable for a
wide range of applications:

Application control and user interface

Medical and handheld equipment

PC peripherals, gaming and GPS platforms

Industrial applications: PLC, inverters, printers, and scanners

Alarm systems, Video intercom, and HVAC

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

J
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2.1 Device overview

Table 2. STM32F102x8 and STM32F102xB medium-density USB access line
features and peripheral counts

Peripheral STM32F102Cx STM32F102Rx
Flash - Kbytes 64 128 64 128
SRAM - Kbytes 10 16 10 16
Timers General-purpose 3 3 3 3
SPI 2 2 2 2
Communication I’ 2 2 2 2
interfaces USART 3 3 3 3
usB 1 1 1 1
12-bit synchronized ADC 1 1
number of channels 10 channels 16 channels
GPIOs 37 51
CPU frequency 48 MHz
Operating voltage 20t0 3.6V
. Ambient temperature: —40 to +85 °C (see Table 8)
Operating temperatures Junction temperature: —40 to +105 °C (see Table 8)
Packages LQFP48 LQFP64
Kﬁ Doc ID 15056 Rev 3 9/69
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Figure 1. STM32F102xx medium-density USB access line block diagram
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2. Tp=-40°C to +85 °C (junction temperature up to 105 °C).
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Figure 2. Clock tree

usB 48 MHz USBCLK
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1,15

HCLK
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X2, X3, x4 PLLCLK —’48 MHZ 7rescaler m , Prescaler o APBT
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PLLXTPRE APB2
0SC_OUT Prescaler 48 MHz max E’OCLKZ
— n,2,4,8,16 i
4-16 MHz Peripherz,:CIock peripherals
HSE OSC Enable (11 bits)
OSC_IN| |
o ADCI to ADC
rescaler
/2,468 ADCCLK
OSC32_IN LSE 0SC to RTC
32.768 kHz RTCCLK
0SC32_0UT
RTCSEL[1:0]
LSIRC Lsl to Independent Watchdog (IWD(i)
40 kHz IWDGCLK Legend:
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MCO — HSI
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MCco ai14994
1. For the USB function to be available, both HSE and PLL must be enabled, with the CPU running at
48 MHz.
2. To have an ADC conversion time of 1.2 ps, APB2 must be at 12 MHz, 24 MHz or 48 MHz.
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2.2 Full compatibility throughout the family

The STM32F102xx is a complete family whose members are fully pin-to-pin, software and
feature compatible. In the reference manual, the STM32F102x4 and STM32F102x6 are
referred to as low-density devices and the STM32F102x8 and STM32F102xB are referred to
as medium-density devices.

Low-density devices are an extension of the STM32F102x8/B devices, they are specified in
the STM32F102x4/6 datasheet. Low-density devices feature lower Flash memory and RAM
capacities, a timer and a few communication interfaces less.

The STM32F102x4 and STM32F102x6 are a drop-in replacement for the STM32F102x8/B
medium-density devices, allowing the user to try different memory densities and providing a
greater degree of freedom during the development cycle.

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

Table 3. STM32F102xx USB access line family

Low-density STM32F102xx devices | Medium-density STM32F102xx devices
Pinout 16 KB Flash 32 KB Flash(" 64 KB Flash 128 KB Flash
4 KB RAM 6 KB RAM 10 KB RAM 16 KB RAM
64 2 x USARTS, 2 x 16-bit timers 3 x USARTS, 3 x 16-bit timers
48 1 x SPI,1x12C, 1 x ADC, 1 x USB 2 x SPIs, 2 x 12Cs, 1 x ADC, 1 x USB

1. For orderable part numbers that do not show the A internal code after the temperature range code (6), the
reference datasheet for electrical characteristics is that of the STM32F102x8/B medium-density devices.

2.3 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.

The STM32F102xx medium-density USB access line having an embedded ARM core, is
therefore compatible with all ARM tools and software.

Embedded Flash memory

64 or 128 Kbytes of embedded Flash is available for storing programs and data.

J
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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

10 or 16 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed with 0 wait
states.

Nested vectored interrupt controller (NVIC)

The STM32F102xx medium-density USB access line embeds a nested vectored interrupt
controller able to handle up to 36 maskable interrupt channels (not including the 16 interrupt
lines of Cortex™-M3) and 16 priority levels.

® Closely coupled NVIC gives low latency interrupt processing
Interrupt entry vector table address passed directly to the core
Closely coupled NVIC core interface

Allows early processing of interrupts

Processing of late arriving higher priority interrupts

Support for tail-chaining

Processor state automatically saved

Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 19 edge detectors 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 external line with pulse
width lower than the Internal APB2 clock period. Up to 51 GPIOs are connected to the 16
external interrupt lines.

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 on
failure of an indirectly used external crystal, resonator or 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 APB domains is 48 MHz. See Figure 2 for details on the clock tree.

g
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Boot modes

At startup, boot pins are used to select one of five boot options:
® Boot from User Flash

® Boot from System Memory

® Boot from embedded SRAM

The boot loader is located in System Memory. It is used to reprogram the Flash memory by
using USART1. For further details please refer to AN2606.

Power supply schemes

® Vpp=2.01to 3.6 V: External power supply for I/Os and the internal regulator.
Provided externally through Vpp pins.

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

® Vpgar=1.8103.6 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 8: 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
Vpop/Vopa 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 10: Embedded reset and power control block characteristics for the values of
Veor/ppr and Veyp.

Voltage regulator

The regulator has three operation modes: main (MR), low power (LPR) and power down.
® MR is used in the nominal regulation mode (Run)
® LPRis used in the Stop mode

® 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, providing high
impedance output.

J
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Low-power modes

The STM32F102xx medium-density USB access line supports three low-power modes to
achieve the best compromise between low power consumption, short startup time and
available wakeup sources:

® 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.

® Stop mode

The 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 EXTlI line
source can be one of the 16 external lines, the PVD output or the RTC alarm.

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 registers content are lost except for registers in the Backup
domain and Standby circuitry.

The device exits Standby mode when an external reset (NRST pin), a 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.

DMA

The flexible 7-channel general-purpose DMA is able to manage memory-to-memory;,
peripheral-to-memory and memory-to-peripheral transfers. The DMA controller supports
circular buffer management avoiding the generation of interrupts when the controller
reaches the end of the bulffer.

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, IZC, USART, general purpose timers
TIMx and ADC.

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 Vgar pin. The backup registers are ten 16-bit
registers used to store 20 bytes of user application data when Vpp power is not present.

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
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 power RC has a typical frequency of 40 kHz. The RTC can be calibrated using
an external 512 Hz output to compensate for any natural crystal deviation. The RTC
features a 32-bit programmable counter for long term measurement using the Compare

g
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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.

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 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 the
main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

SysTick timer

This timer is dedicated for OS, but could also be used as a standard down counter. It
features:

® A 24-bit down counter

® Autoreload capability

® Maskable system interrupt generation when the counter reaches 0.

® Programmable clock source

General-purpose timers (TIMx)

There are 3 synchronizable general-purpose timers embedded in the STM32F102xx
medium-density USB access 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 12 input
captures / output compares / PWMs on the LQFP48 and LQFP64 packages.

The general-purpose timers can work together 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.

I’C bus

Two I2C bus interfaces can operate in multi-master and slave modes. They can support
standard and fast modes. They support dual slave addressing (7-bit only) and both 7/10-bit
addressing in master mode. A hardware CRC generation/verification is embedded.

They can be served by DMA and they support SM Bus 2.0/PM Bus.

J
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Universal synchronous/asynchronous receiver transmitter (USART)

The available USART interfaces communicate at up to 2.25 Mbit/s. They provide hardware
management of the CTS and RTS signals, support IrDA SIR ENDEC, are ISO 7816
compliant and have LIN Master/Slave capability.

The USART interfaces can be served by the DMA controller.

Serial peripheral interface (SPI)

Two SPlIs are able to communicate up to 12 Mbit/s in slave and master modes in full-duplex
and simplex communication modes. The 3-bit prescaler gives 8 master mode frequencies
and the frame is configurable to 8 bits or 16 bits. The hardware CRC generation/verification
supports basic SD Card/MMC modes.

Both SPIs can be served by the DMA controller.

Universal serial bus (USB)

The STM32F102xx medium-density USB access line embeds a USB device peripheral
compatible with the USB Full-speed 12 Mbs. The USB interface implements a full-speed (12
Mbit/s) function interface. It has software configurable endpoint setting and suspend/resume
support. The dedicated 48 MHz clock is generated from the internal main PLL (the clock
source must use a HSE crystal oscillator).

GPIOs (general-purpose inputs/outputs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. All GPIOs are high current-
capable except for analog inputs.

The 1/Os alternate function configuration can be locked if needed following a specific
sequence in order to avoid spurious writing to the 1/Os registers.

ADC (analog to digital converter)

The 12-bit analog to digital converter has up to 16 external channels and performs
conversions in single-shot or scan modes. In scan mode, automatic conversion is performed
on a selected group of analog inputs.

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.

Temperature sensor

The temperature sensor has to generate a a voltage that varies linearly with temperature.
The conversion range is between 2 V < Vppa < 3.6 V. The temperature sensor is internally
connected to the ADC_IN16 input channel which is used to convert the sensor output
voltage into a digital value.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP Interface is embedded. and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.
The JTAG TMS and TCK pins are shared respectively with SWDIO and SWCLK and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.

g
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3 Pinouts and pin description

Figure 3.

STM32F102xx medium-density USB access line LQFP48 pinout
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Figure 4.

STM32F102xx medium-density USB access line LQFP64 pinout
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Table 4. Medium-density STM32F102xx pin definitions
Pins - i% Main Alternate functions® (4

2|3 Pin name 8 | 3 | function®

g ?‘5 = 9 (after reset) Default Remap
| | -

1 1 Vear S Vear

2 | 2 | PC13-TAMPER-RTC® | I/0 PC136) TAMPER-RTC

3| 3 PC14-0SC32_IN® | 11O PC14® 0SC32_IN

4 | 4 | PC15-0sC32_0UT® | 110 PC15®) 0SC32_0uT

5 | 5 PDO /0 | FT | OSC_IND

6 | 6 PD1 /0 | FT |0sc_out?

7|7 NRST 1/0 NRST

- | 8 PCO /0 PCO ADC_IN10

-] 9 PC1 /0 PC1 ADC_IN11

- |10 PC2 /0 PC2 ADC_IN12
-1 PC3 /0 PC3 ADC_IN13

8 | 12 Vssa S Vssa

9 | 13 Vbpa S Vbpa

WKUP/USART2_CTS/
10 | 14 PAO-WKUP /0 PAO ADC_INO/
TIM2_CH1_ETR®

wlelwm e M| ol e
13 | 17 PA3 /0 PA3 AD CEI?\I%?FTI?A_ZT)('(J/H 40
- | 18 Vss_ 4 Vss_4

- |19 Vbp_4 Vbp_4

14 | 20 PA4 /0 PA4 Sp”agiﬁﬁgf‘g}g—"\'”'
15 | 21 PA5 lle} PA5 SPI1_SCK®)/ADC_IN5
16| 22 PG 0 o | SPIMISOBIADG N
17 | 23 PA7 Vo PA7 SP'1—¥I'3§1(2/HA2'(38?—'N7/
- | 24 PC4 /0 PC4 ADC_IN14

- | 25 PC5 /0 PC5 ADC_IN15

18 | 26 PBO /0 PBO ADC_IN8/TIM3_CH3®
19 | 27 PB1 /O PB1 ADC_IN9/TIM3_CH4(®)
20 | 28 PB2 /0 | FT | PB2/BOOT1
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Table 4. Medium-density STM32F102xx pin definitions (continued)

Pins - i% Main Alternate functions® (4
2|3 Pin name 8 | 3 | function®
g ?‘5 = 9 (after reset) Default Remap
| | -
21 | 29 PB10 /o | FT PB10 I2C2_SCL/ USART3_TX® |  TIM2_CH3
22 | 30 PB11 /o | FT PB11 I2C2_SDA/ USART3_RX®) |  TIM2_CH4
23 | 31 Vss_ 1 S Vss_ 1
24 | 32 Vop_ 1 S Vo, 1
25 | 33 PB12 /o | FT PB12 SP'zd\gSR/Tf_%z}a%)M BA/
8)
26 | 34 PB13 /o | FT PB13 Sgl\zﬁfsc_ ’éTé
27 | 35 PB14 /o | FT PB14 USSF,)A{E}“:;'I_?:{(?F/S.
28 | 36 PB15 /o | FT PB15 SPI2_MOSI
- | 37 PC6 /0 | FT PC6 TIM3_CH1
- | 38 PC7 /o | FT PC7 TIM3_CH2
- | 39 PC8 /0 | FT PC8 TIM3_CH3
- | 40 PC9 /o | FT PC9 TIM3_CH4
29 | 41 PA8 /o | FT PA8 USART1_CK/MCO
30 | 42 PA9 /o | FT PA9 USART1_TX®
31 | 43 PA10 /o | FT PA10 USART1_RX®
32 | 44 PA11 /o | FT PA11 USART1_CTS/USBDM
33 | 45 PA12 /o | FT PA12 USART1_RTS/USBDP
34 | 46 PA13 /0 | FT |JTMS-SWDIO PA13
35 | 47 Vss 2 S Vss 2
36 | 48 Vpp 2 S Vpp, 2
37 | 49 PA14 I/0 | FT |JTCK/SWCLK PA14
38 | 50 PA15 o | FT JTDI ITDL“:'?)—/gEI11—jTS'z
- | 51 PC10 /o | FT PC10 USART3_TX
- | 52 PC11 /o | FT PC11 USART3_RX
- | 53 PC12 /o | FT PC12 USART3_CK
- | 54 PD2 /o | FT PD2 TIM3_ETR
TIM2_CH2/ PB3/
39 | 55 PB3 /o | FT JTDO TRACESWO/
SPI1_SCK
40 | 56 PB4 /o | FT JNTRST T"\éi—lf_'ul égBA'
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Table 4. Medium-density STM32F102xx pin definitions (continued)

Pins g . Alternate functions® (4)
c g Main

2|3 Pin name 2 | @ | function®
g £ | O | (afterreset) Default Remap
o | o =
- - -

TIM3_CH2 /
41 | 57 PB5 I/0 PB5 12C1_SMBA SPI1_MOSI
42 | 58 PB6 /O | FT PB6 12C1_SCL®)/ TIM4_CH1 USART1_TX
43 | 59 PB7 /O | FT PB7 12C1_SDA®/ TIM4_CH2 | USART1_RX
44 | 60 BOOTO | BOOTO
45 | 61 PB8 /O | FT PB8 TIM4_CH3 [2C1_SCL
46 | 62 PB9 /O | FT PB9 TIM4_CH4 [2C1_SDA
47 | 63 Vss 3 S Vss 3
48 | 64 Vop,_ 3 S Vpp 3

| =input, O = output, S = supply.
FT=5V tolerant.

Function availability depends on the chosen device. For devices having reduced peripheral counts, it is always the lower
number of peripherals that is included. For example, if a device has only one SPI, two USARTSs and two timers, they will be
called SPI1, USART1 & USART2 and TIM2 & TIM 3, respectively. Refer to Table 2 on page 9Table 3 on page 12.

4. |f several peripherals share the same I/O pin, to avoid conflict between these alternate functions only one peripheral should
be enabled at a time through the peripheral clock enable bit (in the corresponding RCC peripheral clock enable register).

5. PC13, PC14 and PC15 are supplied through the power switch. Since the switch only sinks a limited amount of current (3
mA), the use of GPIOs PC13 to PC15 in output mode is limited: the speed should not exceed 2 MHz with a maximum load
of 30 pF and these 10s must not be used as a current source (e.g. to drive an LED).

6. Main function after the first backup domain power-up. Later on, it depends on the contents of the Backup registers even
after reset (because these registers are not reset by the main reset). For details on how to manage these 10s, refer to the
Battery backup domain and BKP register description sections in the STM32F102xx reference manual, available from the
STMicroelectronics website: www.st.com.

7. The pins number 5 and 6 in the LQFP48 package are configured as OSC_IN/OSC_OUT after reset, however the
functionality of PDO and PD1 can be remapped by software on these pins. For more details, refer to the Alternate function
1/0 and debug configuration section in the STM32F10xxx reference manual.
The use of PDO and PD1 in output mode is limited as they can only be used at 50 MHz in output mode.

8. This alternate function can be remapped by software to some other port pins (if available on the used package). For more
details, refer to the Alternate function 1/0 and debug configuration section in the STM32F10xxx reference manual,
available from the STMicroelectronics website: www.st.com.

g
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4 Memory mapping

The memory map is shown in Figure 5.

Figure 5. Memory map

OXFFFF I:’!?:PB memory space
0xE010 0000 RS
Cortex-M3 internal
0xE000 0000 | __peripherals |
0x6000 0000 esened
OXFFFF FFFF, x4002 3400 (RS aK
0x4002 3000 il 1K
0x4002 2400 reserved |3k
7 0x4002 2000| _Flash interface  |1K
0xE010 0000 Corex V3 ieral 0x4002 1400 reserved 3K
0xE000 0000 |__ peripherals | 0x4002 1000 Recc 1K
0x4002 0400 reserved 3K
0x4002 0000 DMA 1K
® 0x4001 acoo|__feserved 1K
0x4001 3800 USART 1K
0xC000 0000 0x4001 3400 reserved 1K
0x4001 3000 SPIt K
5 0x4001 2C00) :::::: 1‘:
0x4001 2800
0XA000 0000 ox4001 2400)___ APC! 1K
reserved 2K
0x4001 1C00|
4 0x1FFF FFFFy ox4001 1800 | __reserved 1K
Ox1FFF F80F|——— o ox4001 1400|___Portd__ [1K
0x8000 0000 Option Bytes 0x4001 1000 Port C ::
Ox1FFF F800 0x4001 0CO0| Port B
0x4001 0800 PortA 1K
3 System memory 0x4001 0400 EXTI 1K
0x4001 0000 AFlO 1K
0x1FFF FO00
0x6000 0000 reserved 35K
0x4000 7400
0x4000 7000 PWR 1K
2 0x4000 6C00) BkP 1K
Peripherals e=eiied 0x4000 6800 :::::::: 1K
0x4000 0000 0x4000 6400 1K
0x4000 6000 512 byte USB SRAM| 1K
0x4000 5C00| USB registers 1K
! 0x4000 5800 122 1K
0x2000 BFFF |— 0x4000 5400 12C1 1K
02000 0000 0X0801FFFF 0x4000 4C00| reserved 2K
0 0x4000 4800 USART3 1K
Flash memory 0x4000 4400 USART2 1K
0x4000 3coo|____feserved |2k
0x0000 0000 0108000000 0x4000 3800 SPi2 1K
Aliased to Flash or 0x4000 3400 reserved 1K
system memory
depending on 0x4000 3000 IWDG 1K
‘:| Reserved 0x0000 0000 BOOT pins %4000 2G00 WWDG 1K
0x4000 2800 RTC 1K
reserved 7K
0x4000 0CO0|
0x4000 0800 TiM4 1K
0x4000 0400 TIM3 1K
X4000 0000 Tim2 1K
ai14971c
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5

5.1

5.1.1

5.1.2

5.1.3

5.1.4

5.1.5

g

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referred 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 Ty = 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 (mean+3%).

Typical values

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

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 6.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 7.
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Figure 6. Pin loading conditions

Figure 7.

Pin input voltage
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ai14972 ai14973
5.1.6 Power supply scheme
Figure 8. Power supply scheme
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Caution:  In Figure 8, the 4.7 pF capacitor must be connected to Vpps.
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5.1.7 Current consumption measurement

Figure 9. Current consumption measurement scheme
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 5: Voltage characteristics,
Table 6: Current characteristics, and Table 7: Thermal characteristics may cause permanent
damage to the device. These are stress ratings only and functional operation of the device
at these conditions is not implied. Exposure to maximum rating conditions for extended
periods may affect device reliability.

Table 5. Voltage characteristics
Symbol Ratings Min Max Unit
External main supply voltage (including
Vpp -V -0.3 4.0
D™ ¥SS | Vppa and Vpp)
v Input voltage on five volt tolerant pin(2) Vgs—-0.3 +5.5 v
IN
Input voltage on any other pin®@ Vgs - 0.3 Vpp+0.3
|AVppyl Variations between different Vpp power pins 50
iati i mV
Vsgx - Vsg! :)/ia;]rslatlons between all the different ground 50

- see Section 5.3.11: Absolute
Vv Electrostatic discharge voltage (human body maximum ratings (electrical
ESD(HBM) | model) [}

sensitivity)

1. All main power (Vpp, Vppa) and ground (Vgs, Vgsa) pins must always be connected to the external power
supply, in the permitted range.

2. lingeiny must never be exceeded (see Table 6: Current characteristics). This is implicitly insured if Vg
maximum is respected. If V| maximum cannot be respected, the injection current must be limited
externally to the Ijyy(pin) value. A positive injection is induced by V> Viymax while a negative injection is
induced by V|N<VSS'

g
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Table 6. Current characteristics

Symbol Ratings Max. Unit

lvbb Total current into Vpp/Vppa power lines (source)V) 150

lvss Total current out of Vg ground lines (sink)() 150

Output current sunk by any I/O and control pin 25

o Output current source by any 1/Os and control pin -25
Injected current on NRST pin +5 mA

I ©@3) Isnjected current on High-speed external OSC_IN and Low- +5

peed external OSC_IN pins
Injected current on any other pin(4) +5
Shngeiny® | Total injected current (sum of all /0 and control pins)®) +25

1. All main power (Vpp, Vppa) and ground (Vsg, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. lingpiy) must never be exceeded. This is implicitly insured if Vy maximum is respected. If V\y maximum
cannot be respected, the injection current must be limited externally to the Iy pn) value. A positive
injection is induced by V\y>Vpp while a negative injection is induced by V|y<Vgs.

3. Negative injection disturbs the analog performance of the device. See note in Section 5.3.16: 12-bit ADC
characteristics.

4. When several inputs are submitted to a current injection, the maximum Zljyypin) is the absolute sum of the
positive and negative injected currents (instantaneous values). These results are based on
characterization with Iy vy maximum current injection on four 1/O port pins of the device.

Table 7. Thermal characteristics
Symbol Ratings Value Unit
Tstg Storage temperature range 7-65 to +150 °C
T, Maximum junction temperature 150 °C
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5.3 Operating conditions
5.3.1 General operating conditions
Table 8. General operating conditions
Symbol Parameter Conditions Min Max Unit
fuoLk Internal AHB clock frequency 0 48
fPeLKi Internal APB1 clock frequency 0 24 MHz
fpoLke Internal APB2 clock frequency 0 48
Vpp Standard operating voltage 2 3.6 \Y
Analog operating voltage > 36
N (ADC not used) Must be the same potential - y
DDA : as Vpn@
Analog operating voltage DD 24 3.6
(ADC used) ' '
Vear Backup operating voltage 1.8 3.6 Vv
‘sqinati - LQFP48 363
P, POVXBI;SC)*ISSIPatION at Ty = mw
85°C LQFP64 444
Maximum power dissipation | —40 85 °C
TA Ambient temperature
Low power dissipation(4) -40 105 °C
Ty Junction temperature range -40 105 °C

1. When the ADC is used, refer to Table 44: ADC characteristics.

2. ltis recommended to power Vpp and Vppa from the same source. A maximum difference of 300 mV
between Vpp and Vppa can be tolerated during power-up and operation.

3. If T is lower, higher Pp values are allowed as long as T does not exceed T ymax (see Table 6.2: Thermal
characteristics on page 65).

4. Inlow power dissipation state, T can be extended to this range as long as T, does not exceed T jmax (see
Table 6.2: Thermal characteristics on page 65).

5.3.2 Operating conditions at power-up / power-down

Subject to general operating conditions for Ty.

Table 9. Operating conditions at power-up / power-down
Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 0
typp ps/V
Vpp fall time rate 20 oo
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5.3.3 Embedded reset and power control block characteristics

The parameters given in Table 10 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

Table 10. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 21 | 218 | 2.26 Vv
PLS[2:0]=000 (falling edge) 2 |208|216| V
PLS[2:0]=001 (rising edge) 219 | 228 | 2.37 \Y
PLS[2:0]=001 (falling edge) 209 | 218|227 | V
PLS[2:0]=010 (rising edge) 228 (238|248 \"
PLS[2:0]=010 (falling edge) 218 | 228 | 238 | V
PLS[2:0]=011 (rising edge) 238 | 248|258 | V
Voup Programmable voltage PLS[2:0]=011 (falling edge) 228 | 2.38 | 2.48 Vv
detector level selection | p| g[2:01=100 (rising edge) 247 | 258|269 | V
PLS[2:0]=100 (falling edge) 237 | 248|259 | V
PLS[2:0]=101 (rising edge) 257 | 268 | 2.79 \Y
PLS[2:0]=101 (falling edge) 247 | 258|269 | V
PLS[2:0]=110 (rising edge) 266 |278| 29 | V
PLS[2:0]=110 (falling edge) 256 | 268 | 2.8 Vv
PLS[2:0]=111 (rising edge) 2.76 | 2.88 3 Vv
PLS[2:0]=111 (falling edge) 266 [ 278 | 2.9 Vv
Vpvphyst® | PVD hysteresis 100 mv
Voormon Power on/power down | Falling edge 1.8 | 1.88 | 1.96
reset threshold Rising edge 184 [192] 20 | Vv
Veprhyst | PDR hysteresis 40 mV
tRSTTEMPO(z) Reset temporization 1.5 25 | 45 | ms
1. The product behavior is guaranteed by design down to the minimum Vpgg/ppR value.
2. Guaranteed by design, not tested in production.
5.3.4 Embedded reference voltage
The parameters given in Table 11 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.
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Table 11. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max | Unit

Veerpint | Internal reference voltage —40°C<Tp<+85°C| 1.16 | 1.20 | 1.24 \Y

ADC sampling time when reading

(1) 2
Ts_vrefint' " | the internal reference voltage 51 [17.1 ps

@) | Internal reference voltage spread

VRERINT™ | over the temperature range Vpp =3V £10mV 10 | mvV
Tcoe® | Temperature coefficient 100 pfé”/

1. Shortest sampling time can be determined in the application by multiple iterations.
2. Guaranteed by design, not tested in production.

5.3.5 Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, ambient temperature, I/O pin loading, device software configuration,
operating frequencies, I/O pin switching rate, program location in memory and executed
binary code.

The current consumption is measured as described in Figure 9: Current consumption
measurement scheme.

All Run-mode current consumption measurements given in this section are performed with a
reduced code that gives a consumption equivalent to Dhrystone 2.1 code.

Maximum current consumption

The MCU is placed under the following conditions:
® Alll/O pins are in input mode with a static value at Vpp or Vgg (no load)
® All peripherals are disabled except if it is explicitly mentioned

® The Flash access time is adjusted to fc i frequency (0 wait state from 0 to 24 MHz, 1
wait state from 24 to 48 MHz)

® Prefetch in on (reminder: this bit must be set before clock setting and bus prescaling)
[ J When the peripherals are enabled fPCLK'I = fHCLK/2! fPCLKZ = fHCLK

The parameters given in Table 12 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.
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Table 12. Maximum current consumption in Run mode, code with data processing
running from Flash
Max(
Symbol Parameter Conditions fueLk Unit
Tpo=85°C
48 MHz 36.1
36 MHz 28.6
@)
Extgrnal clock </, all 24 MHz 19.9
peripherals enabled
16 MHz 14.7
Supply current 8 MHz 8.6
Ibp ; mA
in Run mode 48 MHz 24.4
36 MHz 19.8
External clock @, all
peripherals Disabled 24 MHz 139
16 MHz 10.7
8 MHz 6.8

1. Based on characterization results, not tested in production.
2. External clock is 8 MHz and PLL is on when fyg > 8 MHz.

Table 13. Maximum current consumption in Run mode, code with data processing
running from RAM
Max
Symbol Parameter Conditions fucLk Unit
T, =85 °c(V)
48 MHz 31.5
36 MHz 24
External clock @, all
peripherals enabled 24 MHz 175
16 MHz 12.5
Supply current in 8 MHz 7.5
lDD mA
Run mode 48 MHz 20.5
36 MHz 16
External clock® all
peripherals disabled 24 MHz 15
16 MHz 8.5
8 MHz 5.5
1. Based on characterization, tested in production at Vpp max, fyc k max.
2. External clock is 8 MHz and PLL is on when fyg > 8 MHz.
30/69 Doc ID 15056 Rev 3 [S71

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

STM32F102x8, STM32F102xB

Electrical characteristics

Figure 10. Typical current consumption in Run mode versus temperature (at 3.6 V) -
code with data processing running from RAM, peripherals enabled
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Figure 11. Typical current consumption in Run mode versus temperature (at 3.6 V) -
code with data processing running from RAM, peripherals disabled
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Table 14. Maximum current consumption in Sleep mode, code running from Flash or RAM

Max(
Symbol Parameter Conditions fheLk Unit
Tpo=85°C
48 MHz 20
36 MHz 15.5
)
Extgrnal clock'< all 24 MHz 115
peripherals enabled
16 MHz 8.5
| Supply current in 8 MHz 5.5 A
bD Sleep mode 48 MHz 6
36 MHz 5
External clock®, all
peripherals disabled 24 MHz 4.5
16 MHz 4
8 MHz 3

1. Based on characterization, tested in production at Vpp max and fyg x max with peripherals enabled.
2. External clock is 8 MHz and PLL is on when fyc > 8 MHz.

Table 15. Typical and maximum current consumptions in Stop and Standby modes

Typ™" Max
Symbol| P t Conditi Unit
ymbo arameter onditions Voo! Vear | Voo/Vear | Voo/Vear | Ta = ni
=24V =33V | =20V | 8°C
Regulator in Run mode,
Low-speed and high-speed internal RC )
oscillators and high-speed oscillator 235 24 200
Supply current OFF (no independent watchdog)
in Stop mode  IReqgulator in Low Power mode,
Low-speed and high-speed internal RC )
oscillators and high-speed oscillator 135 14 180
| OFF (no independent watchdog)
DD
Low-speed internal RC oscillator and ) @ | uA
independent watchdog ON 2.6 3.4 TBD H
Supply current |[Low-speed internal RC oscillator ON, 24 32 ) TBD®)
in Standby independent watchdog OFF ’ '
mode@ , ,
Low-speed internal RC oscillator and
independent watchdog OFF, low-speed 1.7 2 - 4
oscillator and RTC OFF
IbD_VBAT SBS:;;; pci?rrzmn Low-speed oscillator and RTC ON 1.1 1.4 0.9 1.94)

Typical values are measured at Ty = 25 °C.

2. To have the Standby consumption with RTC ON, add Ipp ygaT (Low-speed oscillator and RTC ON) to Ipp Standby (when
Vpp is present the Backup Domain is powered by Vpp supply).

3. TBD stands for to be determined.

Based on characterization, not tested in production.
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Figure 12. Typical current consumption on Vgar with RTC on versus temperature at different

VBAT values
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Figure 13. Typical current consumption in Stop mode with regulator in Run mode versus
temperature at Vpp=3.3Vand 3.6 V
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Figure 14. Typical current consumption in Stop mode with regulator in Low-power mode versus
temperature at Vpp=3.3Vand 3.6 V
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Figure 15. Typical current consumption in Standby mode versus temperature at Vpp = 3.3 V and
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Typical current consumption

The MCU is placed under the following conditions:
® Al I/O pins are in input mode with a static value at Vpp or Vgg (no load)
® All peripherals are disabled except if it is explicitly mentioned

® The Flash access time is adjusted to fi ¢ k frequency (0 wait state from 0 to 24 MHz, 1
wait state from 24 to 48 MHz)

® Prefetch is on (reminder: this bit must be set before clock setting and bus prescaling)

® When the peripherals are enabled fpc k1 = fucLk/a frcLke = fHeLkre: faDcoLk =

fpcLko/4

The parameters given in Table 16 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

Table 16. Typical current consumption in Run mode, code with data processing
running from Flash
Typ(1) Typm
Symbol | Parameter | Conditions fheLk All peripherals | All peripherals Unit
enabled® disabled
48 MHz 24.2 18.6
36 MHz 19 14.8
24 MHz 12.9 10.1
16 MHz 9.3 7.4
External 8 MHz 5.5 4.6
3
clock® AMHz |33 28
2 MHz 2.2 1.9
1 MHz 1.6 1.45
500 kHz 1.3 1.25
Supply 125kHz  |1.08 1.06
Iop current in mA
Run mode 48 MHz 23.5 17.9
36 MHz 18.3 141
Running on 24 MHz 12.2 9.5
highspeed |16 MHz |85 6.8
internal RC
(HSI), AHB 8 MHz 4.9 4
prescaler 4 MHz 2.7 2.2
used to
reduce the 2 MHz 1.6 1.4
frequency 1 MHz 1.02 0.9
500 kHz 0.73 0.67
125 kHz 0.5 0.48
Typical values are measures at Ty = 25 °C, Vpp=3.3 V.
2. Add an additional power consumption of 0.8 mA per ADC for the analog part. In applications, this
consumption occurs only while the ADC is on (ADON bit is set in the ADC_CR2 register).
3. External clock is 8 MHz and PLL is on when fyg > 8 MHz.
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Table 17.  Typical current consumption in Sleep mode, code running from Flash or

RAM
Typ™ Typ™
Symbol | Parameter Conditions fueLk All peripherals | All peripherals Unit
enabled® disabled

48 MHz 9.9 3.9
36 MHz 7.6 3.1
24 MHz 5.3 2.3
16 MHz 3.8 1.8
8 MHz 2.1 1.2

External clock®
4 MHz 1.6 1.1
2 MHz 1.3 1
1 MHz 1.11 0.98
500 kHz 1.04 0.96

Supply 125kHz |0.98 0.95
IDD current in mA

36 MHz 7 2.5
24 MHz 4.8 1.8

Running on High |16 MHz 3.2 1.2

Speed Internal

RC (HSI), AHB 8 MHz 1.6 0.6

prescaler used to | 4 MHz 1 05

reduce the

frequency 2 MHz 0.72 0.47
1 MHz 0.56 0.44
500 kHz 0.49 0.42
125 kHz 0.43 0.41

Typical values are measures at Tp = 25 °C, Vpp=3.3 V.
2. Add an additional power consumption of 0.8 mA per ADC for the analog part. In applications, this
consumption occurs only while the ADC is on (ADON bit is set in the ADC_CR2 register).
3. External clock is 8 MHz and PLL is on when fyc « > 8 MHz.
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On-chip peripheral current consumption
The current consumption of the on-chip peripherals is given in Table 18. The MCU is placed
under the following conditions:
@ all I/O pins are in input mode with a static value at Vpp or Vgg (no load)
® all peripherals are disabled unless otherwise mentioned
o the given value is calculated by measuring the current consumption
— with all peripherals clocked off
— with only one peripheral clocked on
® ambient operating temperature and Vpp supply voltage conditions summarized in

Table 5.
Table 18.  Peripheral current consumption
Peripheral Typical consumption at 25 °C(") Unit
TIM2 0.90
TIM3 0.86
TIM4 0.88
SPI2 0.26
APB1 USART2 0.45
USART3 0.43
usSB 0.57
12C1 0.24
mA
12C2 0.25
GPIO A 0.45
GPIO B 0.32
GPIOC 0.49
APB2 GPIOD 0.32
ADC1® 1.51
SPI1 0.21
USART1 0.72

1. fHCLK =48 MHz, fAPB1 = fHCLK/Z’ fAPBZ = fHCLK' default preSCa'er value for each peripheral.

2. SpeCiﬁC conditions for ADC: fHCLK =48 MHZ, fAPB1 = fHCLK/Z’ fAPBZ = fHCLK’ fADCCLK = fHCLK/4’ ADON bit
in the ADC_CR2 register is set to 1.

g
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5.3.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 19 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions

summarized in Table 8.

Table 19. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
fuse ext | User external clock source frequency(") 1 8 25 MHz
VuseH OSC_IN input pin high level voltage 0.7Vpp Vb v
VHsEL OSC_IN input pin low level voltage Vss 0.3Vpp
WHSE) [ OSC_IN high or low time(") 16
tw(HSE)
ns
WHSE) | OSC_IN rise or fall time(" 20
ti(HSE)
CinHsE) OSC_IN input capacitance(" 5 pF
DuCynsgy | Duty cycle 45 55 %
I OSC_IN Input leakage current Vgs< VNS Vpp +1 pA
1. Guaranteed by design, not tested in production.
Low-speed external user clock generated from an external source
The characteristics given in Table 20 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 8.
Table 20. Low-speed external user clock characteristics
Symbol Parameter Conditions Min Typ Max Unit
filse ext | User external clock source frequency(") 32.768 | 1000 kHz
ViseH OSC32_IN input pin high level voltage 0.7Vpp Vb v
ViseL OSC32_IN input pin low level voltage Vss 0.3Vpp
W(LSE) | 0SC32_IN high or low time(") 450
tw(LsE)
ns
'LSE) | OSC32_IN rise or fall time(!) 50
tiLsE)
Cinise) | OSC32_IN input capacitance(") 5 pF
DuCy(sg) |Duty cycle 30 70 %
I OSC32_IN Input leakage current Vgs < Vin< Vpp +1 pA
1. Guaranteed by design, not tested in production.
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Figure 16. High-speed external clock source AC timing diagram
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Figure 17. Low-speed external clock source AC timing diagram
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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 21. 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 21. HSE 4-16 MHz oscillator characteristics("(®

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc_in | Oscillator frequency 4 8 16 | MHz
Re Feedback resistor 200 kQ

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

. o Vpp=3.3V

io HSE driving current Vi = Vg with 30 pF load 1 mA

Im Oscillator transconductance Startup 25 mA/NV
tSU{HSE) Startup time Vpp is stabilized 2 ms

Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Based on characterization results, not tested in production.

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. tgyysk) 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| 1 and Cy,, 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 18). C| 4 and C| » are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 1 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_4 and C». Refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

J
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Figure 18. Typical application with an 8 MHz crystal
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1. Rgxt value depends on the crystal 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 22. 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 22. LSE oscillator characteristics (f_sg = 32.768 kHz)
Symbol Parameter Conditions Min | Typ | Max | Unit

Rg Feedback resistor 5 MQ

Recommended load capacitance
c versus equivalent serial Rg =30 kQ 15 pF
resistance of the crystal (RS)(Z)

Vpp =3.3V

I LSE driving current Vi = V 1.4 pA
IN=Vss
Im Oscillator transconductance 5 HA/NV
tsuwse)® | Startup time Vpp is stabilized 3 s

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

2. The oscillator selection can be optimized in terms of supply current using an high quality resonator with
small Rg value for example MSIV-TIN32.768 kHz. Refer to crystal manufacturer for more details

3. tsuwsg) is the startup time measured from the moment it is enabled (by software) to a stabilized
32.%68 Hz oscillation is reached. This value is measured for a standard crystal resonator and it can vary
significantly with the crystal manufacturer

Note: For C; 1 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. C; ; and C; , are
usually the same size. The crystal manufacturer typically specifies a load capacitance which
is the series combination of C; ; and Cj».
Load capacitance C, has the following formula: C; = C 4 x Cr5 /(Cy + Cyp) + Cgiray Where
Cstray is the pin capacitance and board or trace PCB-related capacitance. Typically, it is
between 2 pF and 7 pF.

g
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Caution:  To avoid exceeding the maximum value of C| y and C» (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 Cg5y = 2 pF,

then CL1 = CL2 =8 pF

Figure 19. Typical application with a 32.768 kHz crystal
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5.3.7 Internal clock source characteristics

The parameters given in Table 23 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

High-speed internal (HSI) RC oscillator

Table 23.  HSI oscillator characteristics(!)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency 8 MHz
Usgr-tru(’g)med with the RCC_CR 103 %
register
—_ 0, - 0,
ACC Accuracy of the HSI Tp=—-40to 105 °C 2 2.5 Yo
HSI 1 oscillator Factory- TpA=-10t085°C | -1.5 22 | %
; 4
calibrated® [, ~ 01070 °C -1.3 2 | %
To=25°C -1.1 1.8 %
@) |HSI oscillator
Ysu(Hsi) startup time 1 2 HS
@ | HSI oscillator power
IpD(HsI consumption 80 | 100 | pA
Vpp = 3.3V, Ty =—40 to 105 °C unless otherwise specified.
2. Refer to application note AN2868 “STM32F10xxx internal RC oscillator (HSI) calibration” available from
the ST website www.st.com.
Guaranteed by design, not tested in production.
Based on characterization, not tested in production.
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low-speed internal (LSI) RC oscillator

Table 24. LSl oscillator characteristics (V)

Symbol Parameter Min® Typ Max Unit
flsi Frequency 30 40 60 kHz

tsu(LS|)(3) LSI oscillator startup time 85 ps

IDD(LS|)(3) LSI oscillator power consumption 0.65 1.2 HA

1. Vpp =3V, Ty = -40 to 85 °C unless otherwise specified.
2. Based on characterization, not tested in production.
3. Guaranteed by design, not tested in production.

Wakeup time from low-power mode

The wakeup times given in Table 25 is measured on a wakeup phase with a 8-MHz HSI RC
oscillator. The clock source used to wake up the device depends from the current operating
mode:

® Stop or Standby mode: the clock source is the RC oscillator
® Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 8.

Table 25. Low-power mode wakeup timings

Symbol Parameter Typ Unit
twusLeep'" Wakeup from Sleep mode 1.8 us
Wakeup from Stop mode (regulator in run mode) 3.6
tWUSTOPm Wakeup from Stop mode (regulator in low-power 5.4 s
mode) ’
twustoey' " Wakeup from Standby mode 50 us

1. The wakeup times are measured from the wakeup event to the point at which the user application code
reads the first instruction.

5.3.8 PLL characteristics

The parameters given in Table 26 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

Table 26. PLL characteristics

Value
Symbol Parameter Unit
Min(" Typ Max(")

f PLL input clock® 1 8.0 25 MHz
PLL_IN

N PLL input clock duty cycle 40 60 %
fpLL_ouT PLL multiplier output clock 16 48 MHz
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Table 26. PLL characteristics (continued)

Value
Symbol Parameter Unit
Min(" Typ | Max("
t ock PLL lock time 200 us
Jitter Cycle-to-cycle jitter 300 ps

1. Based on characterization, not tested in production.

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

5.3.9 Memory characteristics

Flash memory

The characteristics are given at Ty = —40 to 85 °C unless otherwise specified.

Table 27.  Flash memory characteristics

Symbol Parameter Conditions Min® | Typ | Max(™ | Unit
torog 16-bit programming time Tp=—40t0 +85 °C 40 52.5 70 ys
terase | Page (1 KB) erase time Tp=—-40to +85 °C 20 40 ms
tvE Mass erase time Tp=—-40to +85 °C 20 40 ms
Read mode
fuoLk = 48 MHz with 2 20 | mA

wait states, Vpp =3.3 V

Write / Erase modes

Ibp Supply current oLk = 48 MHz, Vpp = 5 mA
3.3V
Power-down mode / Halt,
Vpp=3.0103.6 V 50 | pA
Vorog Programming voltage 2 3.6 Vv
1. Guaranteed by design, not tested in production.
Table 28. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min® | Typ | Max
Nenp | Endurance 10 kcycles
trer | Data retention Tp =85 °C, 1000 cycles 30 Years

1. Based on characterization not tested in production.

5.3.10 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

J
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Functional EMS (Electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports). the
device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 29. They are based on the EMS levels and classes
defined in application note AN1709.

Table 29. EMS characteristics

Symbol Parameter Conditions Level/Class

VDD =3.3 V, TA =+25 OC,
fHCLK: 48 MHz 2B
conforms to IEC 61000-4-2

Vv Voltage limits to be applied on any I/O pin to
FESD | induce a functional disturbance

Fast transient voltage burst limits to be Vpp=3.3V, To=+25 °C,
Verrg | applied through 100 pF on Vpp and Vgg pins | fygk =48 MHz 4A
to induce a functional disturbance conforms to IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and pre
qualification tests in relation with the EMC level requested for his application.

Software recommendations: the software flowchart must include the management of
runaway conditions such as:

e Corrupted program counter

® Unexpected reset

o Critical Data corruption (control registers, etc.)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second. To complete these trials, ESD stress can be applied directly on the device, over the
range of specification values. When unexpected behavior is detected, the software can be
hardened to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device is monitored while a simple application is
executed (toggling 2 LEDs through the 1/O ports). This emission test is compliant with
IEC 61967-2 standard which specifies the test board and the pin loading.

g
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5.3.11
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Table 30. EMI characteristics

" Monitored Max vs. [fuse/freLk] )
Symbol | Parameter Conditions frequency band Unit
quency 8/48 MHz
0.1 MHz to 30 MHz 7
30 MHz to 130 MHz 8 dBpv
SEmi Peak level |Vpp=3.3V, Ty=25 °C,
130 MHz to 1GHz 13
SAE EMI Level 3.5 -

Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

Table 31. ESD absolute maximum ratings

Maximum

valye() | Unit

Symbol Ratings Conditions Class

Electrostatic discharge voltage | Ty = +25 °C, conforming

VESD(HBM) | (human body model) to JESD22-A114 2 2000

Vv Electrostatic discharge voltage | Ty = +25 °C, conforming
ESD(CDM) | (charge device model) to JESD22-C101

500

1. Based on characterization results, not tested in production.

Static latch-up

Two complementary static tests are required on six parts to assess the latch-up
performance:

® A supply overvoltage is applied to each power supply pin

® A current injection is applied to each input, output and configurable I/O pin

These tests are compliant with EIA/JESD 78 IC latch-up standard.

Table 32. Electrical sensitivities

Symbol Parameter Conditions Class

LU Static latch-up class Tp=+105 °C conforming to JESD78A Il level A

J

Doc ID 15056 Rev 3

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

STM32F102x8, STM32F102xB Electrical characteristics

5.3.12 I/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 33 are derived from tests
performed under the conditions summarized in Table 8. All 1/Os are CMOS and TTL
compliant.

Table 33. 1/O static characteristics

Symbol Parameter Conditions Min Typ Max Unit
VL |Input low level voltage -0.5 0.8
?:ﬁgdird 10 input high level TTL ports ° Vpp+0.5
Vin 9
10 FTM input high level voltage 2 5.5V
\ Input low level voltage -0.5 0.35V,
It CMOS ports 1y
Vig | Input high level voltage 0.65 Vpp Vpp+0.5

Standard 10 Schmitt trigger

v voltage hysteresis(@ 200 mv
hys . .
10 FT Schmitt trigger voltage o ®)
hysteresis® 5% Voo mv
Vss<ViN<Vpp +1
lg | Input leakage current ®) Standard 1/0s HA
Viy=5V, O FT 3
Weak pull-up equivalent
Rpu resistorr’@) Peq Vin=Vss 30 40 50 kO
Weak pull-down equivalent
Rep resisto‘:(s) q Vin=VoD 30 40 50 kO
Cio [|/O pin capacitance 5 pF

FT = Five-volt tolerant.

2. Hysteresis voltage between Schmitt trigger switching levels. Based on characterization results, not tested
in production.

3. With a minimum of 100 mV.
Leakage could be higher than max. if negative current is injected on adjacent pins.

Pull-up and pull-down resistors are designed with a true resistance in series with a switchable
PMOS/NMOS. This PMOS/NMOS contribution to the series resistance is minimum (~10% order).

All I/Os are CMOS and TTL compliant (no software configuration required), their
characteristics consider the most strict CMOS-technology or TTL parameters:

e ForVy:
— if Vppisinthe [2.00 V - 3.08 V] range: CMOS characteristics but TTL included
— if Vppisinthe [3.08 V - 3.60 V] range: TTL characteristics but CMOS included
e ForVp:
— if Vppisinthe [2.00 V - 2.28 V] range: TTL characteristics but CMOS included
— if Vppisinthe [2.28 V - 3.60 V] range: CMOS characteristics but TTL included

g
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +/-8 mA, and sink
+20 mA (with a relaxed V).

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

® The sum of the currents sourced by all the I/0Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
lvpp (see Table 6).

® The sum of the currents sunk by all the I/Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
lyss (see Table 6).

Output voltage levels

Unless otherwise specified, the parameters given in Table 34 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 8. All I/Os are CMOS and TTL compliant.

Table 34. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
() | Output Low level voltage for an I/O pin
VoL | when 8 pins are sunk at the same time TTL port, 04
||o =+8 mA, \Y
Ve @ Output High level voltage for an I/O pin 27V <Vpp<36V | vy,-04
OH when 8 pins are sourced at the same time
(1) | Output low level voltage for an I/O pin
Vou when 8 pins are sunk at the same time CMOS port 0.4
- oo llo=+8 mA \Y
(2 | Output high level voltage for an I/O pin 27V < Vo < 3.6V
Vo when 8 pins are sourced at the same time bb 2.4
Ve (1) Output low level voltage for an 1/O pin 13
oL when 8 pins are sunk at the same time lio=+20 mA®) ’ v
V., @ | Output high level voltage for an 1/O pin 27V<Vpp<36V Vpp—1.3
OH when 8 pins are sourced at the same time
1) | Output low level voltage for an 1/O pin
Vo (! . . 0.4
OL"" | when 8 pins are sunk at the same time lio = +6 mA®
\Y
- | Output high level voltage for an I/O pin 2V<Vpp<27V
V, (2 A . VDD—0.4
OH when 8 pins are sourced at the same time
1. The lp current sunk by the device must always respect the absolute maximum rating specified in Table 6
and the sum of |5 (I/O ports and control pins) must not exceed lygs.
2. The || current sourced by the device must always respect the absolute maximum rating specified in
Table 6 and the sum of | (/O ports and control pins) must not exceed lypp.
3. Based on characterization data, not tested in production.
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 20 and
Table 35, respectively.

Unless otherwise specified, the parameters given in Table 35 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in

Table 8.
Table 35. I/O AC characteristics(")
MODEXx
[1:0] bit | Symbol Parameter Conditions Max | Unit
value(")
fmax(i0yout | Maximum frequency(® CL=50pF, Vpp=2V1t0 3.6V 2 | MHz
Output high to low level fall 3
10 t1o)ut | time 1250
C_=50pF, Vpp=2V1t0 3.6V ns
t Output low to high level rise 1250
r(I0)out time
fmax(i0yout | Maximum frequency® C.=50pF, Vpp=2V1t0 3.6V 10 | MHz
Output high to low level fall 3
01 t1o)ut | time 250
C =50pF Vpp=2Vt03.6V ns
i Output low to high level rise 250)
r(10)out time
C,=30pF, Vpp=2.7Vt036V| 50 |MHz
Fmax(i0)out | Maximum Frequency(z) C_ =50pF, Vpp=2.7Vto3.6V| 30 |MHz
C|_= 50 pF, VDD=2VtO 27V 20 MHz
CL=30pF Vpp=27Vto3.6V| 53
11 tropout :i)mulput high to low level fall CL=50 pF, Vpp=2.7 V10 3.6 V )
CL=50pF, Vpp=2Vto27V | 120
ns
CL=30pF, Vpp=27Vto3.6V| 53
topout t(i)muteput low to high level rise CL=50 pF, Vpp=2.7 V10 3.6 V NE)
C_L=50pF, Vpp=2Vto27V | 120
Pulse width of external
- texTipw | Signals detected by the 10 ns
EXTI controller

1. The I/O speed is configured using the MODEX[1:0] bits.

description of GPIO Port configuration register.

The maximum frequency is defined in Figure 20.

Guaranteed by design, not tested in production.

g
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Figure 20. 1/0 AC characteristics definition

EXTERNAL  tr(10)out ~a—— : ~tr(10)out |
OUTPUT ' '
ON 50pF b T g

Maximum frequency is achieved ff (t, + t;) <2/3) T and if the duty cycle is (45-55%)
when loaded by 50pF
ai14131

5.3.13 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 33).

Unless otherwise specified, the parameters given in Table 36 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 8.

Table 36. NRST pin characteristics

Symbol Parameter Conditions | Min Typ Max Unit
Viiwrs)!" |NRST Input low level voltage -0.5 0.8 y
Vinnasn)'") | NRST Input high level voltage 2 Vpp+0.5

NRST Schmitt trigger voltage
Vhys(NRST) hysteresis 200 mv
Reu Weak pull-up equivalent resistor® | Vjy=Vgg 30 40 50 kQ
VenrsT)'” | NRST Input filtered pulse 100 ns
VNF(NRST)“) NRST Input not filtered pulse 300 ns

Guaranteed by design, not tested in production.

2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution
to the series resistance must be minimum (~10% order).

Figure 21. Recommended NRST pin protection

External
reset circuit(!)

" 7. NRsT®
H

- N Internal Reset
s ~

'.I/ b ‘Lo.u‘J‘F
I

| Filter |——

STM32F10xxx

ai14132¢c

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 36. Otherwise the reset will not be taken into account by the device.
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5.3.14 TIM timer characteristics

The parameters given in Table 37 are guaranteed by design.

Refer to Section 5.3.12: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 37. TIMx(") characteristics

Symbol Parameter Conditions Min Max Unit
. o 1 triMxcLk
tres(tivy | Timer resolution time
frimxcLk = 48 MHz | 20.84 ns
foy; |Timer external clock 0 FrimxcLr/2 MHz
frequency on CH1 to CH4 friMxcLk = 48 MHz 0 24 MHz
Restyy  |Timer resolution 16 bit
16-bit counter clock period 1 65536 tTIMXCLK
tcounTER |When internal clock is
selected frimxcLk = 48 MHz | 0.0208 1365 us

65536 x 65536 | tTivMxcLK

tmax_counT |Maximum possible count

frimxcLk = 48 MHz 89.48 s

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

5.3.15 Communications interfaces

I2C interface characteristics

Unless otherwise specified, the parameters given in Table 38 are derived from tests
performed under ambient temperature, fpc k1 frequency and Vpp supply voltage conditions
summarized in Table 8.

The STM32F102xx medium-density USB access line I°C interface meets the requirements
of the standard 1°C communication protocol with the following restrictions: the I/0 pins SDA
and SCL are mapped to are not “true” open-drain. When configured as open-drain, the
PMOS connected between the 1/0 pin and Vpp is disabled, but is still present.

The I1°C characteristics are described in Table 38. Refer also to Section 5.3.12: I/O port
characteristics for more details on the input/output alternate function characteristics (SDA
and SCL).

g
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Table 38.  I12C characteristics
Standard mode 12C(") | Fast mode 12C(")(2)
Symbol Parameter Unit
Min Max Min Max
tW(SCLL) SCL clock low time 4.7 1.3 us
tW(SCLH) SCL clock hlgh time 4.0 0.6
tsuispa) | SDA setup time 250 100
thspa) | SDA data hold time 0® o 900®
'(SDA) | SDA and SCL rise time 1000 |20+0.1C,| 300 ns
trscu)
'SDA) | SDA and SCL fall time 300 300
tiscL)
thsta) | Start condition hold time 4.0 0.6
Repeated Start condition setu HS
tou(sTA) timz P 47 06
tsusTo) | Stop condition setup time 4.0 0.6 ps
Stop to Start condition time (bus
tw(sTO:STA) freeF; ( 4.7 1.3 Hs
Cp Capacitive load for each bus line 400 400 pF

1. Values guaranteed by design, not tested in production.

2. fpcLky Must be higher than 2 MHz to achieve the maximum standard mode I2C frequency. It must be

higher than 4 MHz to achieve the maximum fast mode I°C frequency.

3. The maximum hold time of the Start condition has only to be met if the interface does not stretch the low
period of SCL signal.

4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL.
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Figure 22. 12C bus AC waveforms and measurement circuit(!)

VbD VbD

STM32F102xx
47kQ 4.7k9g 1000

e * SDA
12C bus 100 Q
° SCL

START REPEATED

s/TART ------ / \/
- X £ X '

tf(SDA) »ie :

>« 1r(SDA)  —»ltetsy(SDA) !

STOP > 1sy(STASTO)

'<—>'-th(STA)<_’Ltw(SCKL) —-»—<th(SDA)

ot \/\/_5\5_/_\_/7

tw(SCKH) ~+—> tr(SCK) e

ai14979

1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.

Table 39.  SCL frequency (fpeLk1= 24 MHz, Vpp = 3.3 V)(N()

fecL I2C_CCR value
(kHz) Rp = 4.7 kQ
400 0x801E
300 0x8028
200 0x803C
100 0x00B4
50 0x0168
20 0x0384

1. Rp = External pull-up resistance, g, = I°C speed,

2. For speeds around 200 kHz, the tolerance on the achieved speed is of +5%. For other speed ranges, the
tolerance on the achieved speed +2%. These variations depend on the accuracy of the external
components used to design the application.

g
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SPI interface characteristics

Unless otherwise specified, the parameters given in Table 40 are derived from tests

performed under ambient temperature, fpg ky frequency and Vpp supply voltage conditions
summarized in Table 8.

Refer to Section 5.3.12: I/O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO).

Table 40.  SPI characteristics(")
Symbol Parameter Conditions Min Max Unit
Master mode 18
fsck SPI clock frequency MHz
1te(scky Slave mode 18
tysck) | SPI clock rise and fall Capacitive load: C = 30 pF 8 ns
tf(SCK) time
DuCy(SCK) SSL/S;?/\éﬁelnpUt clock Slave mode 30 70 %
tsunss)® | NSS setup time Slave mode AtpoLk
thnss)® | NSS hold time Slave mode 2tpoik
(2 =
fw(SCKH) . [ SCK high and low time | MaSter mode, fpaix =36 MHz, | 5, 60
tw(sck) presc = 4
t (2 Master mode 5
suMi) o | Data input setup time
tsu(si) Slave mode 5
th(Ml) &) Master mode 5
Data input hold time
thsn®@ Slave mode 4
h(sl) ns
tas0)@® | Data output access time | Slave mode, fpgk = 20 MHz 0 3tpcLk
taiss0) > | Data output disable time | Slave mode 2 10
tyso) @) | Data output valid time | Slave mode (after enable edge) 25
tymo) @ | Data output valid time glldags;;er mode (after enable 5
th(so)(2) Slave mode (after enable edge) 15
@ Data output hold time | \aster mode (after enable
t 2
h(MO) edge)

1. Remapped SPI1 characteristics to be determined.

Based on characterization, not tested in production.

Min time is for the minimum time to drive the output and the max time is for the maximum time to validate

the data.

4. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
the data in Hi-Z
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Figure 23. SPI timing diagram - slave mode and CPHA=0

—
NSS input _\ /
e—1g(SCK
——iSU(NSS)—> [e—— th(NSS) —>
= [cPHA-0 / \ / \
2| cPOL=0 : I
= W(SCKH) |1 .
x | CPHA=0 t < >
8 GPOLZ1 w(SCKL)
\_/ | W \—/7
ta(SO) +¢—> ty(SO) +¢—> th(sO) »He (SCK)  tgig(SO) -
WISO _ tH(SCK)
OUTPUT —( MSB OUT BIT6 OUT LSB OUT
tsu(sl) »
MOS| --
INPUT MSB IN BIT1 N X LSB IN X
—th(g))—>

ai14134c

Figure 24. SPI timing diagram - slave mode and CPHA=1(1

NSS input \ /.

tSUNSSye—p! — to(sCK—> th(NSS) ™

CPHA=1
CPOL=0

H . / :
£ T ! | . . . b
< | cPHA=1 ST e : : ! '
3| cPoL=1 : y : R : ¥
1 \ E L ; t i '
! o Y(SO) e th(SO) +4—wi TSCKR! ¢ty (SO a—p
ta(S0) f v(SO) h(SO) ﬁtf(SCK) dls(SO)—,<—>E

MISO ! - \
OUTPUT 4<:X MSIB:OUT X BITG__OUT X LSB OUT )._

MOS| \ -
INPUT X MSB IN X BIT_1_ IN X LSB IN X
ai14135
1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
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Figure 25. SPI timing diagram - master mode(")

High

NSS input

CPHA=0

SCK Input

CPHA=1

SCK Input

[ CPHA=1
CPOL=0

[ CPHA=0 it \ f \ / \
CPOL=0 . - :
oPOL=1 —\_/—\_/——\_/i

l o w(SCKH) | ! : 'l trsoK
S0 SuM) ) tysckp > e iisok)
INPUT X MSBIN : X BITEIN | LSBIN
re—— th(uj)—> E
MOSI T 4 y )
OUTUT X MSB OUT X BIT1OUT | X LSB OUT X
ty(MO) ~e¢—» th(MO) e
ai14136
1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
USB characteristics
The USB interface is USB-IF certified (Full Speed).
Table 41. USB startup time
Symbol Parameter Max Unit
tsTARTUP USB transceiver startup time 1 ys
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up with a 1.5 kQ resistor to a 3.0-to-3.6 V voltage range.

3. The STM32F102xx 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 design, not tested in production.
R is the load connected on the USB drivers

Figure 26. USB timings: definition of data signal rise and fall time

Table 42. USB DC electrical characteristics
Symbol Parameter Conditions Min.") | Max.() | Unit

Vpp | USB operating voltage® 3.00) 3.6 v

Input VD|( ) | Differential input sensitivity I(USBDP, USBDM) 0.2

levels | v, | Differential common mode range | Includes Vp, range 0.8 25 \%

VSE(4) Single ended receiver threshold 1.3 2.0

Output| VoL |Static output level low Ry of 1'\5/(l5(,)Q 036 0.3 v

levels
Vou | Static output level high R _of 15 kQtoVgs® | 2.8 3.6

1. All the voltages are measured from the local ground potential.

2. To be compliant with the USB 2.0 full-speed electrical specification, the USBDP (D+) pin should be pulled

Crossover
points
Differential
Data Lines
\/CRS ------- X'/ \X X
v .
85 Thae  Uate
ai14137
Table 43. USB: Full speed electrical characteristics of the driver(!
Symbol Parameter Conditions Min Max Unit

t, Rise time® C_=50pF 4 20 ns
t Fall time® C_=50pF 4 20 ns
trim Rise/ fall time matching t /4 90 110 %
Vers | Output signal crossover voltage 1.3 2.0 \'%

Guaranteed by design, not tested in production.

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB

Specification - Chapter 7 (version 2.0).

5.3.16 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 44 are derived from tests
performed under ambient temperature, fpc| ko frequency and Vppp supply voltage
conditions summarized in Table 8.

Note: It is recommended to perform a calibration after each power-up.
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Table 44. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 24 3.6 \
fanc | ADC clock frequency 0.6 12 MHz
fg") | Sampling rate 0.05 1 MHz

fAD =12 MHz 823 kHz
fraic!) | External trigger frequency ©

17 1/fapc
0 (VSSA or
Vain | Conversion voltage range(® VReg.tied to VREF+ \Y%
ground)

See Equation 1

RAle External input impedance and Table 45 50 kQ
for details
Rapc'" | Sampling switch resistance 1 kQ
Internal sample and hold
(1)
Capc capacitor 8 pF
f =12 MHz 5.9 us
tca ") | Calibration time ADC

83 1/fapc

() Injection trigger conversion | fabc = 12 MHz 0.214 HS
lat latency 3@ 1/fapc

f () Regular trigger conversion | fapc = 12 MHz 0.143 s
latr latency 20) 1ffapc

) | sampling time fapc = 12 MHz 0.107 17.1 ps
S 15 2395 | 1ffanc

tstag!” | Power-up time 0 0 1 us

fADC: 12 MHz 1.2 18 us

t (1) | Total conversion time -

CONV (including sampling time) 14 to 252 (tg for sampling +12.5 1
for successive approximation) ADC

1. Guaranteed by design, not tested in production.
2. VRer, is internally connected to Vppp and Vgee. is internally connected to Vgga,
3. For external triggers, a delay of 1/fpc ko must be added to the latency specified in Table 44.

Equation 1: Ry;y max formula:
T

s
Ram < v~ Ranc

fapc X Capc x IN(2777)

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).

J
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Table 45. Rpyy max for fopc = 12 MHz(")
T (cycles) ts (Ks) Rain max (kQ)

1.5 0.13 0.4

7.5 0.63 5.9

13.5 1.18 11.4

28.5 2.38 25.2

41.5 3.46 37.2

55.5 4.63 50

71.5 5.96 NA

239.5 19.96 NA

1. Data guaranteed by design, not tested in production.

Table 46. ADC accuracy - limited test conditions(")
Symbol Parameter Test conditions Typ | Max® | Unit
ET | Total unadjusted error focLio = 48 MHz, 1.3 +2
EO |Offset error fabc =12 MHz, Ry < 10kQ, | 44 +1.5
\Y =3Vto36V
EG Gain error DDA +0.5 +1.5 LSB
Tp=25°C
ED Differential linearity error Measurements made after 0.7 +1
EL Integral linearity error ADC calibration +0.8 1.5
1. ADC DC accuracy values are measured after internal calibration.
2. Based on characterization, not tested in production.
Table 47. ADC accuracy(!) @)
Symbol Parameter Test conditions Typ Max(®) Unit
ET Total unadjusted error +2 +5
fPCLKZ =48 MHZ,
EO | Offset error fapc = 12 MHz, Ry < 10 kO, 1.5 2.5
EG Gain error Vppa=24V1t036V +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 and temperature ranges.

Based on characterization, not tested in production.

Note:

ADC accuracy vs. negative injection current: Injecting a negative current on any of the

standard (non-robust) analog pins should be avoided as this significantly reduces the
accuracy of the conversion being performed on another analog pin. It is recommended to
add a Schottky diode (pin to ground) to standard analog pins that may potentially inject
negative current.
Any positive injection current within the limits specified for Iy i) and Zlinypiny in
Section 5.3.12 does not affect the ADC accuracy.

g
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Figure 27. ADC accuracy characteristics
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Figure 28. Typical connection diagram using the ADC
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Refer to Table 44 for the values of Rajy, Rapc and Capc.-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 7 pF). A high Cp,asitic Value will downgrade conversion accuracy. To remedy
this, fapc should be reduced.
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 29. The 10 nF capacitors
should be ceramic (good quality). They should be placed as close as possible to the chip.

Figure 29. Power supply and reference decoupling

STM32F102xx
—1 1 Vooa
1 pF//10 nF
I — ] Vssa
ai14980b
5.3.17 Temperature sensor characteristics
Table 48. TS characteristics
Symbol Parameter Min Typ Max Unit
TL(1) Vsense linearity with temperature +1.5 °C
Avg_SIope(” Average slope 4.35 mV/°C
V5! Voltage at 25°C 1.42 v
tstaRT Startup time 4 10 us
@) |ADC sampling time when reading the
Ts_temp temperature 17.1 HS
1. Guaranteed by characterization, not tested in production.
2. Data guaranteed by design, not tested in production.
3. Shortest sampling time can be determined in the application by multiple iterations.
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6 Package characteristics

6.1 Package mechanical data

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® s an ST trademark.

J
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Figure 30. LQFP64 — 10 x 10 mm, 64 pin low-profile quad Figure 31.
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1. Drawing is not to scale.

2. Dimensions are in millimeters.

Table 49. LQFP64 — 10 x 10 mm, 64-pin low-profile quad flat package mechanical data
millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A 1.60 0.0630
A1l 0.05 0.15 0.0020 0.0059
A2 1.35 1.40 1.45 0.0531 0.0551 0.0571
b 0.17 0.22 0.27 0.0067 0.0087 0.0106
c 0.09 0.20 0.0035 0.0079
D 12.00 0.4724
D1 10.00 0.3937
E 12.00 0.4724
E1 10.00 0.3937
e 0.50 0.0197
0 0° 3.5° 7° 0° 3.5° 7°
L 0.45 0.60 0.75 0.0177 0.0236 0.0295
L1 1.00 0.0394
Number of pins
N 64
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 32. LQFP48 — 7 x 7 mm, 48-pin low-profile quad flat
package outline(")

Figure 33. Recommended
footprint“)(z)
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1. Drawing is not to scale.
2. Dimensions are in millimeters.
Table 50. LQFP48 — 7 x 7 mm, 48-pin low-profile quad flat package mechanical data
millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A 1.600 0.0630
A1 0.050 0.150 0.0020 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
[ 0.090 0.200 0.0035 0.0079
8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835
D3 5.500 0.2165
E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835
E3 5.500 0.2165
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 0.080 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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6.2 Thermal characteristics

The maximum chip junction temperature (T ;max) must never exceed the values given in
Table 8: General operating conditions on page 27.

The maximum chip-junction temperature, T; max, in degrees Celsius, may be calculated
using the following equation:
Ty max = Ty max + (Pp max x ©j,)
Where:
® T, maxis the maximum ambient temperature in °C,
® Oy, is the package junction-to-ambient thermal resistance, in °C/W,
® Ppmaxis the sum of Pyt max and P;,g max (Pp max = Pyt max + P pomax),
°

P\nT max is 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:

Pio max =X (VoL x o) + Z((Vpp = Von) x lon),
taking into account the actual Vo /1o, and Vpy / Ioy of the I/Os at low and high level in the
application.

Table 51. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient 55
LQFP48 - 7 x 7 mm / 0.5 mm pitch

Oyn °C/W
Thermal resistance junction-ambient 45
LQFP64 - 10 x 10 mm / 0.5 mm pitch

6.3 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.

g
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6.3.1
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Evaluating the maximum junction temperature for an application

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 52: Ordering information scheme.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature. Here, only
temperature range 6 is available (—40 to 85 °C).

The following example shows how to calculate the temperature range needed for a given
application, making it possible to check whether the required temperature range is
compatible with the STM32F102xx junction temperature range.

Example: High-performance application

Assuming the following application conditions:

Maximum ambient temperature Tynax = 82 °C (measured according to JESD51-2),
Ippmax = 50 MA, Vpp = 3.5 V, maximum 20 |/Os used at the same time in output at low
level with 1o = 8 mA, Vg = 0.4 V and maximum 8 I/Os used at the same time in output
mode at low level with g =20 mA, Vg =1.3V

P\NTmax =50 mA x 3.5 V=175 mW
Piomax=20x8 MA x 0.4V +8x20mA x 1.3V =272 mW
This gives: Piytmax = 175 mW and P \gax = 272 mW
Pbmax =175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 51 T j,,y is calculated as follows:
—  For LQFP64, 45 °C/W
Tymax = 82 °C + (45 °C/W x 447 mW) = 82 °C + 20.1 °C = 102.1 °C

This is within the junction temperature range of the STM32F102xx (—40 < T; < 105 °C).

Figure 34. LQFP64 Pp max vs. Ty
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7 Ordering information scheme

Table 52.  Ordering information scheme

Example: STM32 F102 C 8 T 6 Xxxx

Device family
STM32 = ARM-based 32-bit microcontroller

Product type
F = general-purpose

Device subfamily
102 = USB access line, USB 2.0 full-speed interface

Pin count
C =48 pins
R =64 pins

Flash memory size
8 = 64 Kbytes of Flash memory
B = 128 Kbytes of Flash memory

Package
T =LQFP

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

Options
XXX = programmed parts
TR = tape and real

g
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8 Revision history

Table 53.

Document revision history

Date

Revision

Changes

23-Sep-2008

1

Initial release.

23-Apr-2009

1/0 information clarified on page 1. Figure 1: STM32F102xx medium-
density USB access line block diagram and Figure 5: Memory map
modified.

In Table 4: Medium-density STM32F 102xx pin definitions: PB4, PB13,
PB14, PB15, PB3/TRACESWO moved from Default column to Remap
column.

Pp value added for LQFP64 package in Table 8: General operating
conditions.

Note modified in Table 12: Maximum current consumption in Run mode,
code with data processing running from Flash and Table 14: Maximum
current consumption in Sleep mode, code running from Flash or RAM.
Figure 13, Figure 14 and Figure 15 show typical curves.

Figure 27: ADC accuracy characteristics modified.

Figure 29: Power supply and reference decoupling modified.

Table 19: High-speed external user clock characteristics and Table 20:
Low-speed external user clock characteristics modified.

ACCyg) max values modified in Table 23: HSI oscillator characteristics.
Small text changes.

22-Sep-2009

Note 5 updated in Table 4: Medium-density STM32F102xx pin definitions.
VReRrinT @nd Teeff @added to Table 11: Embedded internal reference
voltage. Typical Ipp ypar Value added in Table 15: Typical and maximum
current consumptions in Stop and Standby modes. Figure 12: Typical
current consumption on VBAT with RTC on versus temperature at
different VBAT values added.

fuse_ext Min modified in Table 19: High-speed external user clock
characteristics.

C_4 and Cy» replaced by C in Table 21: HSE 4-16 MHz oscillator
characteristics and Table 22: LSE oscillator characteristics (fLSE =
32.768 kHz), notes modified and moved below the tables. Table 23: HSI
oscillator characteristics modified. Conditions removed from Table 25:
Low-power mode wakeup timings.

Note 1 modified below Figure 18: Typical application with an 8 MHz
crystal.

Figure 21: Recommended NRST pin protection modified.

IEC 1000 standard updated to IEC 61000 and SAE J1752/3 updated to
IEC 61967-2 in Section 5.3.10: EMC characteristics on page 44.

Jitter added to Table 26: PLL characteristics.

Table 40: SPI characteristics modified.

Capc and Rpjn parameters modified in Table 44: ADC characteristics.
Ran max values modified in Table 45: RAIN max for fADC = 12 MHz.

Small text changes.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
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DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
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Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.
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