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Description

The STM32F100x4, STM32F100x6, STM32F100x8 and STM32F 100xB microcontrollers
incorporate the high-performance ARM® Cortex®-M3 32-bit RISC core operating at a 24
MHz frequency, high-speed embedded memories (Flash memory up to 128 Kbytes and
SRAM up to 8 Kbytes), and an extensive range of enhanced peripherals and 1/0Os connected
to two APB buses. All devices offer standard communication interfaces (up to two 1°Cs, two
SPIs, one HDMI CEC, and up to three USARTSs), one 12-bit ADC, two 12-bit DACs, up to six
general-purpose 16-bit timers and an advanced-control PWM timer.

The STM32F100xx low- and medium-density devices operate in the — 40 to + 85 °C and
— 40 to + 105 °C temperature ranges, from a 2.0 to 3.6 V power supply.

A comprehensive set of power-saving mode allows the design of low-power applications.

These microcontrollers include devices in three different packages ranging from 48 pins to
100 pins. Depending on the device chosen, different sets of peripherals are included.

These features make these microcontrollers suitable for a wide range of applications such
as application control and user interfaces, medical and hand-held equipment, PC and
gaming peripherals, GPS platforms, industrial applications, PLCs, inverters, printers,
scanners, alarm systems, video intercoms, and HVACs.

3

DoclD16455 Rev 9




STM32F100x4, STM32F100x6, STM32F100x8, STM32F100xB Description

2.2.14

2.2.15

3

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, DAC, 12C, USART, all timers 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 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.

Timers and watchdogs

The STM32F100xx devices include an advanced-control timer, six general-purpose timers,
two basic timers and two watchdog timers.

Table 3 compares the features of the advanced-control, general-purpose and basic timers.

Table 3. Timer feature comparison

. Counter | Counter | Prescaler | DMArequest | Capture/compare | Complementary
Timer . .
resolution type factor generation channels outputs
Up, Any integer
TIMA1 16-bit down, between 1 Yes 4 Yes
up/down | and 65536
TIM2, Up, Any integer
TIM3, 16-bit down, between 1 Yes 4 No
TIM4 up/down | and 65536
Any integer
TIM15 16-bit Up between 1 Yes 2 Yes
and 65536
Any integer
-.I;.lll:\/l;g 16-bit Up between 1 Yes 1 Yes
and 65536
Any integer
-ll—_llll\\/l/g‘ 16-bit Up between 1 Yes 0 No
and 65536
DoclD16455 Rev 9 17/96
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Advanced-control timer (TIM1)

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

e Input capture

e  Output compare

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

If configured as a standard 16-bit timer, it has the same features as the TIMx timer. If
configured as the 16-bit PWM generator, it has full modulation capability (0-100%).

The counter can be frozen in debug mode.

Many features are shared with those of the standard TIM timers which have the same
architecture. The advanced control timer can therefore work together with the TIM timers via
the Timer Link feature for synchronization or event chaining.

General-purpose timers (TIM2, TIM3, TIM4, TIM15, TIM16 & TIM17)

There are six synchronizable general-purpose timers embedded in the STM32F100xx
devices (see Table 3 for differences). Each general-purpose timers can be used to generate
PWM outputs, or as simple time base.

TIM2, TIM3, TIM4

STM32F100xx devices feature three synchronizable 4-channels general-purpose timers.
These timers are based on a 16-bit auto-reload up/downcounter and a 16-bit prescaler.
They 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
largest packages.

The TIM2, TIM3, TIM4 general-purpose timers can work together or with the TIM1
advanced-control timer via the Timer Link feature for synchronization or event chaining.

TIM2, TIM3, TIM4 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.

Their counters can be frozen in debug mode.

TIM15, TIM16 and TIM17

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.

TIM15 has two independent channels, whereas TIM16 and TIM17 feature one single
channel for input capture/output compare, PWM or one-pulse mode output.

The TIM15, TIM16 and TIM17 timers can work together, and TIM15 can also operate with
TIM1 via the Timer Link feature for synchronization or event chaining.

TIM15 can be synchronized with TIM16 and TIM17.

TIM15, TIM16, and TIM17 have a complementary output with dead-time generation and
independent DMA request generation

DoclD16455 Rev 9 ‘Yl
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DAC (digital-to-analog converter)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs. The chosen design structure is composed of integrated
resistor strings and an amplifier in noninverting configuration.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e up to 10-bit output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channels’ independent or simultaneous conversions

e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgg+

Eight DAC trigger inputs are used in the STM32F100xx. The DAC channels are triggered
through the timer update outputs that are also connected to different DMA channels.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 2 V < Vppp < 3.6 V. The temperature sensor is internally
connected to the ADC1_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.
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Table 4. Low & medium-density STM32F100xx pin definitions (continued)

Pins _ Alternate functions®®
N
< < © Main
?2 3L ¥ Pin name @ | 3| function®
a kol £ | O | (after reset) Default Remap
[T
g|e|@lc =
S| R
57| - - - PD10 /1O | FT PD10 - USART3_CK
58| - |- |- PD11 Vo [FT|  PD11 - USAR; s.cT
TIM4_CH1
o (17,
59| - - - PD12 | FT PD12 - USART3_RT
S
(11
60 | - - - PD13 /10 | FT PD13 - T|M4—)CH2
(11
61| - - - PD14 /1O | FT PD14 - T|M4—§:H3
(11
62 | - - - PD15 /1O | FT PD15 - T|M4—)CH4
63|37 |F6| - PC6 /1O | FT PC6 - TIM3_CH1
64 |38 |E7| - PC7 /1O | FT PC7 - TIM3_CH2
65|39 |E8| - PC8 /1O | FT PC8 - TIM3_CH3
66 | 40 |[D8| - PC9 /10 | FT PC9 - TIM3_CH4
USART1_CK/MCO/
67 |41 | D7 | 29 PA8 /1O | FT PA8 TIM1_CH1 -
USART1_TXx(12)/
68 |42 |C7 | 30 PA9 /10 | FT PA9 TIMA_CH2 / TIM15_BKIN -
USART1_RX(12)/
69 |43 | C6 | 31 PA10 /0 | FT PA10 TIMA_CH3 / TIM17_BKIN -
70 |44 | C8| 32 PA11 110 | FT PA11 USART1_CTS/TIM1_CH4 -
71145 |B8| 33 PA12 /10 | FT PA12 USART1_RTS/TIM1_ETR -
JTMS-
72 | 46 | A8 | 34 PA13 /1O | FT SWDIO - PA13
73 - - | - Not connected -
74 | 47 |D5| 35 Vss 2 s |- Vss 2 - -
75| 48 |E5| 36 Vpp_ 2 s | - Vpp_ 2 - -
76 | 49 | A7 | 37 PA14 /1O | FT JTCK/KSWCL - PA14
TIM2_CH1_
77 | 50 | A6 | 38 PA15 /1O | FT JTDI - ETR/ PA15/
SPI1_NSS
78 |51 |B7| - PC10 110 | FT PC10 - USART3_TX
‘Yl DoclD16455 Rev 9 27/96
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Table 4. Low & medium-density STM32F100xx pin definitions (continued)

Pins _ Alternate functions®®
N
< < o Main
,8_ 3L ¥ Pin name @ | 3| function®
a kol £ | O | (after reset) Default Remap
TR
g|le|lR|lc =
J| S EHA
79|52 |B6| - PC11 /O | FT PC11 - USART3_RX
80|53|C5| - PC12 /0 | FT PC12 - USART3_CK
81| - [C1] - PDO /10 | FT PDO - -
82| - |D1]| - PD1 /O | FT PD1 - -
83|54 |B5| - PD2 /O | FT PD2 TIM3_ETR -
84| - |- |- PD3 vo |FT|  PD3 - USARSTZ—CT
85| - | - | - PD4 Vo |FT|  PD4 - USARSTZ—RT
86| - | - | - PD5 110 | FT PD5 - USART2_TX
87| - | - | - PD6 /O | FT PD6 - USART2_RX
88| - | - | - PD7 /0 | FT PD7 - USART2_CK
TIM2_CH2 /
89 | 55 | A5 | 39 PB3 vo |FT|  JTDO PB3
TRACESWO
SPI1_SCK
PB4 /
90 | 56 | A4 | 40 PB4 I/0 |FT| NJTRST - TIM3_CH1
SPI1_MISO
TIM3_CH2/
91 | 57 | C4 | 41 PB5 /o | - PB5 12C1_SMBA / TIM16_BKIN | oo~y
12c1_scL(12)
92 | 58 | D3| 42 PB6 /0 | FT PB6 TIM4_CH1(11)(12) USART1_TX
TIM16_CH1N
12C1_SDA(12)
93 |59 |C3|43 PB7 /O | FT PB7 TIM17_CH1N USART1_RX
TIM4_CH2(11)(12)
94 | 60 | B4 | 44 BOOTO I - BOOTO - -
95 | 61 | B3| 45 PB8 /O | FT PB8 TiM4_CH3(I(12)/ 12C1_SCL
TIM16_CH1(12) / cEC(12) -
TIM4_CH4(11)(12)
96 | 62 | A3 | 46 PB9 /O | FT PB9 TIMA7. CH1(2) 12C1_SDA
97 | - | - | - PEO /0 | FT PEO TiM4_ETR("M) -
98| - | -] - PE1 /O | FT PE1 - -
99 | 63 | D4 | 47 Vss 3 S | - Vss 3 - -
100 64 | E4 | 48 Vop 3 S | - Vbp 3 - -
28/96 DoclD16455 Rev 9 ‘Yl
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Table 12. Maximum current consumption in Run mode, code with data processing
running from Flash

Max(!)
Symbol | Parameter Conditions fucoLk Unit
Tpo=85°C | Tp=105°C
24 MHz 15.4 15.7
(2
Extgrnal clock “/, all 16 MHz P 15
peripherals enabled
Supply 8 MHz 6.7 6.9
Iop current in mA
Run mode 24 MHz 10.3 10.5
External clock®), all
peripherals disabled 16 MHz 78 8.1
8 MHz 51 5.3

1. Guaranteed by characterization results.
2. External clock is 8 MHz and PLL is on when fyc k > 8 MHz.

Table 13. Maximum current consumption in Run mode, code with data processing
running from RAM

Max(?
Symbol Parameter Conditions fHeLKk Unit
Tpo=85°C | To=105°C
24 MHz 14.5 15
External clock (2), all 16 MHz 10 105
peripherals enabled :
| Supply current 8 MHz 6 6.3 mA
°P in Run mode 24MHz 9.3 9.7
External clock® all
peripherals disabled 16 MHz 6.8 72
8 MHz 4.4 4.7

1. Guaranteed by characterization, tested in production at Vpp max, fyc x max.
2. External clock is 8 MHz and PLL is on when fyc > 8 MHz.

3
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Electrical characteristics

Figure 15. Typical current consumption in Stop mode with regulator in Run mode
versus temperature at Vpp =3.3Vand 3.6 V

160
140 /!
120
2 /
2
= 100
2 g0 3.3V
g —a—36V
g 60
O /
40
20 -7/
0
-45°C 25°C 85°C 105 °C
Temperature (°C) ai17281
Figure 16. Typical current consumption in Stop mode with regulator
in Low-power mode versus temperature at Vpp =3.3 Vand 3.6 V
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5.3.6
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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 the 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
User external clock source
fHSE_ext frequency(!) 1 8 24 | MHz
OSC_IN input pin high level
VHSEH | yoltage(®) Pt S 0.7Vpp | - | Vop
\Y,
OSC_IN input pin low level
VhseL voltage( putp - Vss - | 0.3Vpp
tw(HSEH) OSC_IN high or low time(") 5 - -
tw(HsEL) s
t(HSE) | 0SC_IN rise or fall time(™ - ; 20
tiHsE)
Cin(Hse) | OSC_IN input capacitance(") - - 5 - pF
DuCy (s | Duty cycle(" - 45 - 55 %
I OSC_IN Input leakage current Vss <Vin<Vpp - - 11 MA

1. Guaranteed by design.

Figure 18. High-speed external clock source AC timing diagram

tw(HSEH)

—~y

tHse) e >t

tw(HSEL)

<—THSE —_—>

MSv42627V1
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5.3.9 Memory characteristics

Flash memory

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

Table 27. Flash memory characteristics

Symbol Parameter Conditions Min(" Typ Max(" | Unit
torog 16-bit programming time Tp=—-40to +105°C 40 52.5 70 ps
terase | Page (1 KB) erase time Tp=-40to +105 °C 20 - 40 ms
tme Mass erase time Ta=-40to +105°C 20 - 40 ms
Read mode ) ) 20 mA

fHCLK =24 MHZ, VDD =33V

| Supoly current Write / Erase modes ) ) 5 mA
DD PRl froLk = 24 MHz, Vpp = 3.3V

Power-down mode / Halt,

Vpp =3.0t03.6V - ) S0 | A
Vorog Programming voltage - 2 - 3.6 \Y,
1. Guaranteed by design.
Table 28. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min(" Typ | Max
Tp = —40 to +85 °C (6 suffix versions)
Nenp | Endurance ' 4010 +105 °C (7 suffix versions)| 10 | T~ | - |keyeles
1 keycle® at Ty = 85 °C 30 - -
tReT Data retention | 1 kcycle® at T, = 105 °C 10 - - | Years
10 keycles® at T, = 55 °C 20 - -

1. Based on characterization not tested in production.

2. Cycling performed over the whole temperature range.

3
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5.3.10
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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.

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

Vpp=3.3V, Ty=+25 °C,
Voltage limits to be applied on any I/O pin to | fycLk =24 MHz, LQFP100

VFESD  |induce a functional disturbance package, conforms to 2B
IEC 61000-4-2
Fast transient voltage burst limits to be ]YDD :—3.2?:1\|<}II.-II-§ :ngFSP 1%’0
Verre | applied through 100 pF on Vpp and Vgg pins | HCLK™ ’ 4A

package, conforms to

to induce a functional disturbance 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

e  Unexpected reset

e  Critical Data corruption (control registers...)

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).

DoclD16455 Rev 9 ‘Yl
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 26 and
Table 36, respectively.

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

in Table 8.
Table 36. I/0 AC characteristics(!)
MODEXx
[1:0] bit | Symbol Parameter Conditions Max | Unit
value(")
frmax(i0)out | Maximum frequency(® CL=50pF, Vpp=2V1t03.6V 24 | MHz
Output high to low level fall 3
10 toput | time 1250)
C_=50pF, Vpp=2Vto3.6V ns
Output low to high level rise 3)
tr(IO)out time 125
fmax(10)out | Maximum frequency(® C=50pF, Vpp=2Vto3.6V 10®) | MHz
Output high to low level fall 3
01 f1opout | time 250
C =50 pF,Vpp=2V1t03.6V ns
Output low to high level rise @)
tr(IO)out time 25
fmax(10)out | Maximum frequency(® C_=50pF,Vpp=2Vto3.6V 24 | MHz

CL=30pF,Vpp=27Vto36V | 503
tropout :i);]:aput high to low level fall CL=50 pF, Vpp=2.7 V1036 V NE)
11 CL=50pF, Vpp=2Vto27V | 120)
CL=30pF,Vpp=27Vto3.6V | 503
C_L=50pF, Vpp=27Vto36V | 8%
CL=50pF, Vpp=2V1t0 2.7V 123)

ns

Output low to high level rise
tr(IO)out time

Pulse width of external
- texTipw | Signals detected by the - 10@) | ns
EXTI controller

1. The I/O speed is configured using the MODEXx[1:0] bits. Refer to the STM32F 10xxx reference manual for a
description of GPIO Port configuration register.

2. The maximum frequency is defined in Figure 26.

Guaranteed by design.
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5.3.16 Communications interfaces

I2C interface characteristics

Unless otherwise specified, the parameters given in Table 39 are derived from tests
performed under the ambient temperature, fpc k1 frequency and Vpp supply voltage
conditions summarized in Table 8.

The STM32F100xx value line 12C interface meets the requirements of the standard 12c
communication protocol with the following restrictions: the 1/0 pins SDA and SCL are
mapped to are not “true” open-drain. When configured as open-drain, the PMOS connected
between the I/0 pin and Vpp is disabled, but is still present.

The I2C characteristics are described in Table 39. Refer also to Section 5.3.12: I/O current
injection characteristics for more details on the input/output alternate function characteristics
(SDA and SCL).

Table 39. I2C characteristics

Standard mode 12C(Y) | Fast mode 12C(")(?)
Symbol Parameter Unit
Min Max Min Max
tW(SCLL) SCL clock low time 4.7 - 1.3 -
V&
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time 0 - 0 9000
t(SDA) | SDA and SCL rise time - 1000 - 300 ns
tr(scL)
%SDA) | SDA and SCL fall time - 300 - 300
tiscy)
thsTa) | Start condition hold time 4.0 - 0.6 -
Repeated Start condition setu us
tsusTa) timz P 4.7 - 0.6 -
tsusto) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time (bus
tw(sTO:STA) freep) ( 47 - 1.3 - s
Cyp Capacitive load for each bus line - 400 - 400 pF

Guaranteed by design.

2. fpcLkq must be at least 2 MHz to achieve standard mode I2C frequencies. It must be at least 4 MHz to
achieve fast mode [°C frequencies. It must be a multiple of 10 MHz to reach the 400 kHz maximum I12C
fast mode clock.

3. The maximum Data hold time has only to be met if the interface does not stretch the low period of SCL
signal.
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Table 42. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 24 - 3.6 \Y
Vgrer+ | Positive reference voltage - 24 - Vppa \Y
rer F(;‘iLrJ]rrent on the Vg input . - 160(" | 220" HA

fapc | ADC clock frequency - 0.6 - 12 MHz
fg®) | Sampling rate - 0.05 - 1 MHz
fapc = 12 MHz - - 705 kHz
fTR|G(2) External trigger frequency
- - - 17 1fapc
Van® | Conversion voltage range - 0 (Vssatied to - VREF+ v

ground)

2) : ; See Equation 1 and ) i
RAIN External input impedance Table 43 for details 50 KQ

RADC(z) Sampling switch resistance - - - 1 KO
@) |Internal sample and hold ) ) )
Canc capacitor 8 PF
fADC =12 MHz 6.9 us
tCAL(2) Calibration time
- 83 1/fADC
{(2) |Injection trigger conversion fanc = 12 MHz - - 0.25 us
lat latency i _ - 3D | Ao
¢ (2 |Regular trigger conversion fapc = 12 MHz - - 0.166 Hs
latr Iatency _ _ _ 2(4) 1/fADC
0.125 - 20.0 ps
ts® | Sampling time fapc = 12 MHz
1.5 - 239.5 1fapc
tSTAB(z) Power-up time - 0 0 1 us
fapc = 12 MHz 1.17 - 21 gs

t CONV(z) Total cgnversion_timg '
(including sampling time) 14 to 252 (tg for sampling +12.5 for

) successive approximation) Wioc

1. Based on characterization results, not tested in production.
Guaranteed by design.

VRer+ €an be internally connected to Vppp and Vreg. can be internally connected to Vgga, depending on the package.
ReFer to Table 4: Low & medium-density STM32F100xx pin definitions and Figure 6 for further details.

4. For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 42.

Equation 1: Ry)y max formula:
s

Rain < N3~ Raoc

fapc X Capc x In(2 )

The above formula (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).
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Figure 34. Power supply and reference decoupling (Vrgg+ Not connected to Vpppa)

STM32F10xxx
VREF+
\ d ' {1
1pF /10 nF 2= VppA
1 uF /10 nF
Vssa'V REF-
I . ]

ai14380b

1. VRer+ is available on 100-pin packages and on TFBGA64 packages. VRgk. is available on 100-pin
packages only.

Figure 35. Power supply and reference decoupling (Vggr+ connected to Vppa)

STM32F10xxx
VRer+/Vopa
—1 1
1uF//10nF ——
VRer/Vssa
T -
ai14381b

1. VRger+ and VRgg. inputs are available only on 100-pin packages.

3

72/96 DoclD16455 Rev 9




Package information STM32F100x4, STM32F100x6, STM32F100x8, STM32F100xB

Device marking for LQFP64

The following figure gives an example of topside marking and pin 1 position identifier
location.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 42. LQFP64 marking example (package top view)

L — Additional Information
Product identification” 1 «— |
™ 32F100
S RyTLB
| Date code
Pin 1 identifier Y| WW

@ O

MSv36579V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
samples to run qualification activity.
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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 34.

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:
T, max = Ty max + (Pp max x 0j,)
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 * lor) + 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 53. Package thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambi.ent 46
LQFP 100 - 14 x 14 mm / 0.5 mm pitch
Thermal resistance junction-ambient 45

LQFP 64 - 10 x 10 mm / 0.5 mm pitch
T °CIW
Thermal resistance junction-ambient 65
TFBGAG4 - 5 x 5 mm / 0.5 mm pitch

Thermal resistance junction-ambient

LQFP 48 -7 x 7 mm / 0.5 mm pitch 55

6.5.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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6.5.2

90/96

Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 54: Ordering information scheme.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature.

As applications do not commonly use the STM32F10xxx at maximum dissipation, it is useful
to calculate the exact power consumption and junction temperature to determine which
temperature range will be best suited to the application.

The following examples show how to calculate the temperature range needed for a given
application.

Example: 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 53 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 range of the suffix 6 version parts (40 < T; < 105 °C).

In this case, parts must be ordered at least with the temperature range suffix 6 (see
Table 54: Ordering information scheme).

Example 2: High-temperature application

Using the same rules, it is possible to address applications that run at high ambient
temperatures with a low dissipation, as long as junction temperature T ; remains within the
specified range.

Assuming the following application conditions:

Maximum ambient temperature Tpngx = 115 °C (measured according to JESD51-2),
Ipbmax = 20 mA, Vpp = 3.5V, maximum 20 I/Os used at the same time in output at low
level with Ig. =8 mA, Vg =04V

PIiNTmax = 20 mA x 3.5 V=70 mW

Plomax =20 X 8 MA x 0.4V =64 mW

This gives: PiNTmax = 70 mW and P gpax = 64 mW:
Pbmax = 70 + 64 = 134 mW

Thus: Pppmax = 134 mW
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