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STM32F101x4, STM32F101x6 Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F101x4 and STM32F101x6 low-density access line microcontrollers. For more
details on the whole STMicroelectronics STM32F101xx family, please refer to Section 2.2:
Full compatibility throughout the family.

The Low-density STM32F 101xx 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.
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Description STM32F101x4, STM32F101x6

2 Description

The STM32F101x4 and STM32F101x6 Low-density access line family incorporates the
high-performance ARM Cortex®-M3 32-bit RISC core operating at a 36 MHz frequency,
high-speed embedded memories (Flash memory of 16 to 32 Kbytes and SRAM of 4 to 6
Kbytes), and an extensive range of enhanced peripherals and 1/Os connected to two APB
buses. All devices offer standard communication interfaces (one 1°C, one SPI, and two
USARTSs), one 12-bit ADC and up to two general-purpose 16-bit timers.

The STM32F101xx Low-density access line 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 STM32F101xx Low-density access line family includes devices in three different
packages ranging from 36 pins to 64 pins. Depending on the device chosen, different sets of
peripherals are included, the description below gives an overview of the complete range of
peripherals proposed in this family.

These features make the STM32F101xx Low-density access line microcontroller family
suitable for a wide range of applications such as application control and user interface,
medical and handheld equipment, PC peripherals, gaming and GPS platforms, industrial
applications, PLCs, inverters, printers, scanners, alarm systems, Video intercoms, and
HVACs.

3
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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 STM32F101xx Low-density access line family having an embedded ARM core, is
therefore compatible with all ARM tools and software.

Embedded Flash memory

16 or 32 Kbytes of embedded Flash is available for storing programs and data.

CRC (cyclic redundancy check) calculation unit

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

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

Embedded SRAM

Up to 6 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed with 0 wait
states.

Nested vectored interrupt controller (NVIC)

The STM32F101xx Low-density access line embeds a nested vectored interrupt controller
able to handle up to 43 maskable interrupt channels (not including the 16 interrupt lines of
Cortex®—M3) and 16 priority levels.

e  Closely coupled NVIC gives low latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e  Closely coupled NVIC core interface

e Allows early processing of interrupts

e  Processing of late arriving higher priority interrupts

e  Support for tail-chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimal interrupt
latency.
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Description STM32F101x4, STM32F101x6

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, 12C, USART, general purpose timers
TIMx and ADC.

2.3.14 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 Vgat 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
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.

2315 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.

2.3.16 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.

2.3.17 SysTick timer

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

e A 24-bit down counter

e  Autoreload capability

e  Maskable system interrupt generation when the counter reaches 0.
e  Programmable clock source

2.3.18 General-purpose timers (TIMx)

There areup to two synchronizable general-purpose timers embedded in the STM32F 101xx
Low-density 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,
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2.3.19

2.3.20

2.3.21

2.3.22

2.3.23
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output compare, PWM or one pulse mode output. This gives up to 12 input captures / output
compares / PWMs on the largest 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

The I?C bus interface can operate in multimaster and slave modes. It can support standard
and fast modes.

It supports dual slave addressing (7-bit only) and both 7/10-bit addressing in master mode.
A hardware CRC generation/verification is embedded.
The interface can be served by DMA and it supports SM Bus 2.0/PM Bus.

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)

The SPI interface is able to communicate up to 18 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.

The SPI interface can be served by the DMA controller.

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.

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.
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Electrical characteristics STM32F101x4, STM32F101x6

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)(!) (2)

Symbol Parameter Conditions - Min | Typ | Max | Unit

Re Feedback resistor - - - 5 - MQ

Recommended load capacitance
C versus equivalent serial Rg =30 KQ - - - 15 pF
resistance of the crystal (Rg)

VDD =33V

I LSE driving current Vi = Vss - - - 14 MA
Im Oscillator transconductance - - 5 - - MANV
Tao=50"°C - 1.5 -
Ta=25°C - 25 -
To=10°C - 4 -
. Vpp is Ta=0°C - 6 -
tsuse)® | Startup time stal?ill:i)zed =07 - " - s
Ta=-20°C - 17 -
Tp=-30°C - 32 -
Tp=-40°C - 60 -

Based on characterization, not tested in production.

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

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

Note: For CL1 and CL2 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. CL1 and CL2,
are usually the same size. The crystal manufacturer typically specifies a load capacitance
which is the series combination of CL1 and CL2.

Load capacitance CL has the following formula: CL = CL1 x CL2 / (CL1 + CL2) + Cgyy,
where Cstray is the pin capacitance and board or trace PCB-related capacitance. Typically, it
is between 2 pF and 7 pF.

Caution:  To avoid exceeding the maximum value of CL1 and CL2 (15 pF) it is strongly recommended
to use a resonator with a load capacitance CL <7 pF. Never use a resonator with a load
capacitance of 12.5 pF.

Example: if resonator with a load capacitance of CL = 6 pF, and Cstray =2 pF is chosen,
then CL1 = CL2 = 8 pF.

3
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5.3.8

48/87

Low-speed internal (LSI) RC oscillator

Table 24. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit
f|_3|(2) Frequency 30 40 60 kHz

tsusy’® | LS! oscillator startup time - - 85 us

IDD(LSI)(3) LSI oscillator power consumption - 0.65 1.2 MA

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 are measured on a wakeup phase with an 8-MHz HSI
RC oscillator. The clock source used to wake up the device depends from the current
operating mode:

e  Stop or Standby mode: the clock source is the RC oscillator

e Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under the 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 V]
Wakeup from Stop mode (regulator in run mode) 3.6
twusTor" ; Hs
Wakeup from Stop mode (regulator in low-power mode) 5.4
tWUSTDBY(1) 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.

PLL characteristics

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

Table 26. PLL characteristics

Value
Symbol Parameter Unit
Min(" Typ Max(?)
PLL input clock@ 1 8.0 25 MHz
feLL N :
PLL input clock duty cycle 40 - 60 %
feLL ouT PLL multiplier output clock 16 - 36 MHz

3
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5.3.9

5.3.10

3

Table 26. PLL characteristics (continued)

Value
Symbol Parameter Unit
Min(" Typ Max(?)
tLock PLL lock time - - 200 us
Jitter Cycle-to-cycle jitter - - 300 ps

1. Based on device 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 | ouT:

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 =-401o +85°C 40 52.5 70 us
terase | Page (1 KB) erase time Tpo=-40to +85°C 20 - 40 ms
tve Mass erase time Tpo=-401to +85°C 20 - 40 ms
Read mode
fucLk = 36 MHz with 1 wait - - 20 mA
state, Vpp =3.3V
Iop Supply current Write / Erase modes ) ) 5 mA
fHCLK =36 MHZ, VDD =33V
Power-down mode / Halt,
Vpp =3.010 3.6 V - -] %0 | A
Vorog Programming voltage - 2 - 3.6 \Y

1. Guaranteed by design, not tested in production.

EMC characteristics

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

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:
e 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.

DoclD15058 Rev 6
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5.3.11

5.3.12

3

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 30. ESD absolute maximum ratings

Symbol Ratings Conditions Class Mamm(tign Unit
value
vV Electrostatic discharge Tp=+25°C 2 2000
ESD(HBM) | yoltage (human body model) | conforming to JESD22-A114
_ ° \%
Vv Electrostatic discharge TA_f +25 C "
ESD(CDM) | yoltage (charge device model) | €Tormng 0 500
ANSI/ESD STM5.3.1
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:
e A supply overvoltage is applied to each power supply pin
e A current injection is applied to each input, output and configurable 1/0O pin
These tests are compliant with EIA/JESD 78 IC latch-up standard.
Table 31. Electrical sensitivities
Symbol Parameter Conditions Class
LU Static latch-up class Tp= 485 °C conforming to JESD78A II'level A

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/O pins programmed in floating input mode. While current is injected into
the 1/O pin, one at a time, the device is checked for functional failures.
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Output driving current

The GPIOs (general-purpose inputs/outputs) can sink or source up to +8 mA, and sink or
source up to +20 mA (with a relaxed Vg /Vgp) except PC13, PC14 and PC15 which can
sink or source up to +/-3mA. When using the GPIOs PC13 to PC15 in output mode, the
speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of I/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 5.2:

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

e The sum of the currents sunk by all the 1/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 the 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
(1) | Output Low level voltage for an 1/O pin )
VoL | when 8 pins are sunk at the same time CMOS port@),, .
5 - . Y lio=+8 mA, \Y
3) utput High level voltage for an 1/O pin 27V<Vpp<36V _ i}
VoH™ | \hen 8 pins are sourced at the same time Vop-0-4
(1) | Output low level voltage for an 1/O pin 2) )
VoL when 8 pins are sunk at the same time TTL port 0.4
o - ; 10 oi I|O =+8 mA V
3) utput high level voltage for an |/O pin 27V <Van <36V )
Vo™ | yhen 8 pins are sourced at the same time DD 24
Ve ) Output low level voltage for an I/O pin 1
oL : : _ 4 - 3
when 8 pins are sunk at the same time o= +20 mA®#) v
V., (3 | Output high level voltage for an I/O pin 27V<Vpp<36V V13| -
OH when 8 pins are sourced at the same time po—t-
(1) | Output low level voltage for an 1/O pin
VoL ) : _ 4 - 0.4
when 8 pins are sunk at the same time lo=+6 mA©“) v
\/..(3) | Output high level voltage for an I/O pin 2V<Vpp<27V Vono4 | -
OH" " | when 8 pins are sourced at the same time DD~

1. The || current sunk by the device must always respect the absolute maximum rating specified in Table 6
and the sum of |, (/0 ports and control pins) must not exceed lygs.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

3. The l,g current sourced by the device must always respect the absolute maximum rating specified in
Table 6 and the sum of |, (I/O ports and control pins) must not exceed |ypp.

4. Based on characterization data, not tested in production.

3
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Figure 27. Recommended NRST pin protection
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The reset network protects the device against parasitic resets.

1.
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.

3
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3

SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 40 are derived from tests
performed under the ambient temperature, fpc| kx frequency and Vpp supply voltage

conditions summarized in Table 8.

Refer to Section 5.3.12: 1/O current injection characteristics for more details on the
input/output alternate function characteristics (NSS, SCK, MOSI, MISO).

Table 40. SPI characteristics

the data in Hi-Z

DoclD15058 Rev 6

Symbol Parameter Conditions Min Max Unit
Master mode 0 18
fsck SPI clock frequency MHz
1esck) Slave mode 0 18
tysck) | SPlclockrise andfall | 0,0, itive load: € = 30 pF 8
tf(SCK) time
tsu(NSS)“) NSS setup time Slave mode 4 tpcLk -
t (1) INSS hold time Slave mode 73 -
h(NSS)
t SCKH ™M . . Master mode, fPCLK =36 MHZ,
ta((sm))“) SCK high and low time oresc = 4 50 60
(1) |Data input setup time )
fsuq) Master mode SPI L
¢ (1) |Data input setup time ) 1 )
su(sh) Slave mode
(1) |Data input hold time )
v Master mode SPI 1
G Data input hold time i 3 )
h(s) Slave mode
Slave mode, fpc k = 36 MHz, 0 55 ns
tysor @ | Data output time | Presc =4
a(S0) put access time
Slave mode, fPCLK =24 MHz 0 4 tPCLK
tdis(so)(1)(3) Data output disable time | Slave mode 10
ty(so) M | Dpata output valid time Slave mode (after enable edge) - 25
1 _— Master mode (after enable
tV(MO)( ) | Data output valid time edge) - 3
th(so)“) Slave mode (after enable edge) 25 -
1) Data output hold time | pmaster mode (after enable
thmo) 4 -
edge)
1. Based on characterization, not tested in production.
2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate
the data.
3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
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Figure 29. SPI timing diagram - slave mode and CPHA =0

NSS input _\ /
[e—1g(SCK
——LsU(NSS)— e—— th(NSS) —»
= [cPHA=0 / \ / \
2| CPOL=0 : A
= W(SCKH) | ¢ .
x | CPHA=0 t < >
8 CPOL=1 W(SCKL)
\_/ .. \_/7
ta(SO) +¢—> ty(SO) +&—» th(SO) »He (SCK)  tgis(s0) -
MISO N (SCK)
OUTPUT —( MSB OUT BIT6 OUT LSB OUT
tsu(sl) »
MOSI -
INPUT MSB IN BITT N X LSB IN X
<—th(SI)_>
ai14134c
Figure 30. SPI timing diagram - slave mode and CPHA = 1(1)
NSS input \ . {:
ISUNSSye—»! — te(sCK—> th(NSS)—>:
= [cPHA=1 b \ / \ , !
2| CPOL=0 : — | \ ! ;
x | cPHA=1 tx(gcir) — : | ! h
3| cpoL=1 w-w
E Ei t L 4 : ty(sc Doty ! .
ta(s0) Eaamas ¥ v(SO) —>.—-<-: h(SO) 'v<—>-: tf(SCKL)"«_) dis(SO)-e— |
MISO - , -- \ .
OUTPUT 4()( MSB ouT X BIT6 OUT X LSB OUT )—
tsu(SI) —e——> *— ty(s)—>
MOSI . , -
INPUT X MSB IN X BITT N X LSB IN X

ai14135

1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp,
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Equation 1: Ry max formula:

s
Ran <

— — Rapc
fapc X Capc X In(2"*?)

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

Table 42. Ry, max for fopc = 14 MHz(")

Ts (cycles) ts (us) Rain max (k)
1.5 0.11 0.4
7.5 0.54 5.9
135 0.96 1.4
28.5 2.04 25.2
415 2.96 37.2
55.5 3.96 50
71.5 5.11 NA
239.5 17.1 NA

1. Guaranteed by design, not tested in production.

Table 43. ADC accuracy - limited test conditions(!) (2)

Symbol Parameter Test conditions Typ Max® | Unit

ET Total unadjusted error focLiz = 28 MHz, 1.3 12

EO |Offset error fapc = 14 MHz, Ry < 10 kQ | 41 +1.5
V =3Vto36V

EG |Gain error ppa =3 V10 3.6 105 | 15 | LSB
To=25°C

ED Differential linearity error Measurements made after 0.7 *1

EL |Integral linearity error ADC calibration +0.8 +15

ADC DC accuracy values are measured after internal calibration.

2. ADC Accuracy vs. Negative Injection Current: Injecting negative current on any analog input pins should
be avoided as this significantly reduces the accuracy of the conversion being performed on another analog
input. It is recommended to add a Schottky diode (pin to ground) to analog pins which may potentially
inject negative current.

Any positive injection current within the limits specified for lypiny and Zliyyeiny in Section 5.3.12 does not
affect the ADC accuracy.

3. Based on characterization, not tested in production.

3
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Table 46. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch

quad flat package mechanical data

millimeters inches(!)
Symbol

Min Typ Max Min Typ Max
A 0.800 0.900 1.000 0.0315 0.0354 0.0394
A1 - 0.020 0.050 - 0.0008 0.0020
A2 - 0.650 1.000 - 0.0256 0.0394

A3 - 0.200 - - 0.0079 -
0.180 0.230 0.300 0.0071 0.0091 0.0118
D 5.875 6.000 6.125 0.2313 0.2362 0.2411
D2 1.750 3.700 4.250 0.0689 0.1457 0.1673
E 5.875 6.000 6.125 0.2313 0.2362 0.2411
E2 1.750 3.700 4.250 0.0689 0.1457 0.1673
e 0.450 0.500 0.550 0.0177 0.0197 0.0217
0.350 0.550 0.750 0.0138 0.0217 0.0295

K 0.250 - - 0.0098 - -
ddd - - 0.080 - - 0.0031

1.

Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 36. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch
quad flat package recommended footprint
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1. Dimensions are expressed in millimeters.
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6.5 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 8: General operating conditions on page 31.

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

Ty max = Ty max + (Pp max x ©y,)

Where:

e  Tp maxis the maximum ambient temperature in °C,

e Oy, is the package junction-to-ambient thermal resistance, in ° C/W,

e  Pp max is the sum of P\t max and Pj,o max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P;,o max represents the maximum power dissipation on output pins where:

Pio max =X (VoL % loL) + Z((Vpp — Von) * lon):
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 49. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP 64 - 10 x 10 mm / 0.5 mm pitch 45

Thermal resistance junction-ambient 55
LQFP 48 - 7 x 7 mm /0.5 mm pitch

T °CIW
Thermal resistance junction-ambient 32
UFQFPN 48 - 6 x 6 mm / 0.5 mm pitch

Thermal resistance junction-ambient

VFQFPN 36 - 6 x 6 mm /0.5 mm pitch 18

6.5.1 Reference document

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

3
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6.5.2

3

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 50: 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 STM32F101xx junction temperature range.

Example: high-performance application

Assuming the following application conditions:

Maximum ambient temperature Tp,4x = 82 °C (measured according to JESD51-2),
IpDmax = 50 MA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at low
level with I, =8 mA, Vo = 0.4 V and maximum 8 I/Os used at the same time in output
mode at low level with |5, =20 mA, Vg =13V

PiNTmax = 90 mA x 3.5 V=175 mW

Plomax=20 %8 MAx0.4V+8x20mAx 13V =272 mW
This gives: P\ytmax = 175 mW and Pigmax = 272 mW
Pbmax = 175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 49 T j,, 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 STM32F101xx (—40 < T; < 105 °C).

Figure 44. LQFP64 Pp max vs. Tp
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7 Ordering information scheme

Table 50. Ordering information scheme
Example: STM32 F 101 C 4 T 6 A xxx

Device family

STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

101 = access line

Pin count

T =36 pins
C =48 pins
R = 64 pins

Flash memory size

4 = 16 Kbytes of Flash memory
6 = 32 Kbytes of Flash memory

Package
T=LQFP
U =VFQFPN

Temperature range

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

Internal code

“A” or blank(")

Options

XXX = programmed parts
TR = tape and real
1. For STM32F101x6 devices with a blank internal code, please refer to the STM32F103x6/8/B datasheet

available from the ST website: www.st.com.

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact the nearest ST sales office.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved

3

DoclD15058 Rev 6 87/87




