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STM32F103x8, STM32F103xB Description

2.3.13

2.3.14

2.3.15

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 buffer.

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 and
advanced-control 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 Vgt 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 medium-density STM32F103xx performance line devices include an advanced-control
timer, three general-purpose timers, two watchdog timers and a SysTick timer.

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

Table 4.  Timer feature comparison

Counter | Counter | Prescaler | DMA request | Capture/compare | Complementary

Timer resolution type factor generation channels outputs

Up, Any integer
TIM1 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

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
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Description STM32F103x8, STM32F103xB

can also be seen as a complete general-purpose timer. The 4 independent channels can be
used for

® Input capture

® Output compare

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

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

In debug mode, the advanced-control timer counter can be frozen and the PWM outputs
disabled to turn off any power switch driven by these outputs.

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

General-purpose timers (TIMx)

There are up to three synchronizable general-purpose timers embedded in the
STM32F103xx performance line devices. These timers are based on a 16-bit auto-reload
up/down counter, a 16-bit prescaler and feature 4 independent channels each for input
capture/output compare, PWM or one-pulse mode output. This gives up to 12 input
captures/output compares/PWMs on the largest packages.

The general-purpose timers can work together with the advanced-control timer via the Timer
Link feature for synchronization or event chaining. Their counter can be frozen in debug
mode. Any of the general-purpose timers can be used to generate PWM outputs. They all
have independent DMA request generation.

These timers are capable of handling quadrature (incremental) encoder signals and the
digital outputs from 1 to 3 hall-effect sensors.

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 of the
main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog
to reset the device when a problem occurs, or as a free-running timer for application timeout
management. It is hardware- or software-configurable through the option bytes. The counter
can be frozen in debug mode.

Window watchdog

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from the
main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.
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2.3.21

2.3.22

2.3.23

2.3.24

18/91

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.

I/Os on APB2 with up to 18 MHz toggling speed

ADC (analog-to-digital converter)

Two 12-bit analog-to-digital converters are embedded into STM32F103xx performance line

devices and each ADC shares up to 16 external channels, performing conversions in single-
shot or scan modes. In scan mode, automatic conversion is performed on a selected group

of analog inputs.

Additional logic functions embedded in the ADC interface allow:
® Simultaneous sample and hold

® Interleaved sample and hold

® Single shunt

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.

The events generated by the general-purpose timers (TIMx) and the advanced-control timer
(TIM1) can be internally connected to the ADC start trigger, injection trigger, and DMA
trigger respectively, to allow the application to synchronize A/D conversion and timers.

Temperature sensor

The temperature sensor has to generate 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 ADC12_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 with SWDIO and SWCLK, respectively, and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.
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Description

Figure 1. STM32F103xx performance line block diagram
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Ta =-40 °C to +105 °C (junction temperature up to 125 °C).
2. AF = alternate function on I/O port pin.
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Figure 6.

STM32F103xx performance line TFBGA64 ballout
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Pinouts and pin description

Table 5. Medium-density STM32F103xx pin definitions (continued)
Pins = Alternate functions
o < © | Main
SEE-AERR: ‘8_ 2 Pin name 4 E function®
SlE|lo |k a | £| ol (after reset) Default Remap
m|CG|®(CS|g|O g
i b I = I |.>|. -
A10| 34 | A8 | 46 | 72 |25 PA13 /O |FT [JTMS/SWDIO PA13
F8 | - - - 73 | - Not connected
E6 |35 | D5 |47 | 74 |26 Vss 2 S Vss 2
F6 |36 | E5 | 48 | 75 |27 Vpp,_ 2 S Vpp, 2
A9 | 37 | A7 | 49 | 76 |28 PA14 /O |FT |[JTCK/SWCLK PA14
TIM2_CH1_ETR/
A8 |38 | A6 | 50 | 77 |29 PA15 I/O|FT JTDI PA15 /SPI1_NSS
B9| - | B7 |51 |78 PC10 /O |FT PC10 USART3_TX
B8| - | B |52 |79 PC11 /O |FT PC11 USART3_RX
cs| - | c5|53]80 PC12 I/O|FT PC12 USART3_CK
D8| 5 |C1| 5 |81]2 PDO I/O|FT| OSC_IN®) CANRX
E8| 6 |D1| 6 |82 |3 PD1 I/O |FT| OSC_ouT® CANTX
B7 B5 | 54 | 83 | - PD2 I/O |FT PD2 TIM3_ETR
c7| - | - | - |84]- PD3 I/O|FT PD3 USART2_CTS
D7| - | - | - | 8] - PD4 /O |FT PD4 USART2_RTS
B6| - | - | - |86]- PD5 /O |FT PD5 USART2_TX
ce| - | - | -1|87]- PD6 I/O|FT PD6 USART2_RX
D6| - | - | - | 88] - PD7 I/O |FT PD7 USART2_CK
TIM2_CH2/PB3
A7 |39 | A5 | 55 | 89 |30 PB3 I/O|FT JTDO TRACESWO
SPI1_SCK
TIM3_CH1/ PB4/
A6 | 40 | A4 | 56 | 90 |31 PB4 I/O|FT| JNTRST SPI1.MISO
TIM3_CH2 /
C5|41|Ca |57 ]91|32 PB5 1/0 PB5 I2C1_SMBAI SPI1_MOSI
12c1_ScL)y
B5| 42 | D3 | 58 | 92 |33 PB6 I/O|FT PB6 TIM4_CH1®D) USART1_TX
12C1_SDA7)/
A5 |43 | C3 |59 |93 |34 PB7 I/O|FT PB7 TIM4 CH2) USART1_RX
D5| 44 | B4 | 60 | 94 |35 BOOTO [ BOOTO
i @ 12C1_SCL/
B4|45 | B3 | 61|95 PB8 I/O|FT PBS8 TIM4_CH3 CANRX
) @) [2C1_SDA/
A4 | 46 | A3 | 62 | 96 PB9 I/O |FT PB9 TIM4_CH4 OANTX
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STM32F103x8, STM32F103xB Electrical characteristics

Figure 10. Pin loading conditions Figure 11. Pin input voltage

STM32F103xx pin STM32F103xx pin

C =50pF

L

ail4141 = ai4142
5.1.6 Power supply scheme
Figure 12. Power supply scheme
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Caution:  In Figure 12, the 4.7 pyF capacitor must be connected to Vpps.
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5.1.7 Current consumption measurement

Figure 13. Current consumption measurement scheme
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 6: Voltage characteristics,
Table 7: Current characteristics, and Table 8: 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 6. Voltage characteristics
Symbol Ratings Min Max Unit
Vpo-Vss E;(;e\r/nDaljl)r(’r:)a\in supply voltage (including Vppa —03 4.0
Input voltage on five volt tolerant pin(® Vgs—0.3 +5.5 v
Yin Input voltage on any other pin®® Vgs—-0.3 Vpp+0.3
[AVppyl Variations between different Vpp power pins 50
[Vgsx — Vsgl | Variations between all the different ground pins 50 m

see Section 5.3.11:
Absolute maximum ratings
(electrical sensitivity)

Electrostatic discharge voltage (human body

VESD(HBM) model)

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

2. linyeiny must never be exceeded (see Table 7: Current characteristics). This is implicitly insured if Viy
maximum is respected. If V|y maximum cannot be respected, the injection current must be limited
externally to the lyyypiny Value. A positive injection is induced by V> Viymax while a negative injection is
induced by V|y < Vgs.
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STM32F103x8, STM32F103xB Electrical characteristics

Table 7. Current characteristics

Symbol Ratings Max. Unit

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

lyss Total current out of Vgg ground lines (sink)(") 150

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

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

Ingceing @@ | Injected current on HSE OSC_IN and LSE OSC_IN pins +5

Injected current on any other pin(4) +5

Shngeing® | Total injected current (sum of all /O and control pins)®) +25

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

2. Iinypiy) must never be exceeded. This is implicitly insured if V;y maximum is respected. If Vi maximum
cannot be respected, the injection current must be limited externally to the I;yypn) value. A positive
injection is induced by V,\ > Vpp while a negative injection is induced by V|\ <'Vgs.

3. Negative injection disturbs the analog performance of the device. See note in Section 5.3.17: 12-bit ADC
characteristics.

4. When several inputs are submitted to a current injection, the maximum ZI;yypin) is the absolute sum of the
positive and negative injected currents (instantaneous values). These results are based on
characterization with Xl pin) maximum current injection on four I/O port pins of the device.

Table 8. Thermal characteristics
Symbol Ratings Value Unit
Tsta Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C
5.3 Operating conditions
5.3.1 General operating conditions
Table 9. General operating conditions
Symbol Parameter Conditions Min Max | Unit
fuoLk Internal AHB clock frequency 0 72
freLki Internal APB1 clock frequency 0 36 MHz
frcLke Internal APB2 clock frequency 0 72
Vbbp Standard operating voltage 2 3.6 \"
Analog operating voltage 5 36
Vopah (ADC not used) Must b%he same potential v
Analog operating voltage as Vpp 54 3.6
(ADC used)
Vear Backup operating voltage 1.8 3.6 \
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STM32F103x8, STM32F103xB Electrical characteristics

Table 15. Maximum current consumption in Sleep mode, code running from Flash

or RAM
Max()
Symbol Parameter Conditions fheLk Unit
Tpo=85°C |Tp=105°C
72 MHz 30 32
48 MHz 20 20.5
External clock®, all |36 MHz 15.5 16
peripherals enabled |24 MHz 115 12
16 MHz 8.5 9
| Supply currentin 8 MHz 5.5 6
oD mA
Sleep mode 72 MHz 7.5 8
48 MHz 6 6.5
External clock®, all |36 MHz 5 5.5
peripherals disabled |24 MHz 4.5 5
16 MHz 4 4.5
8 MHz 3 4

1. based on characterization, tested in production at Vpp max, fuoLk Max with peripherals enabled.
2. External clock is 8 MHz and PLL is on when fyc > 8 MHz.
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Table 18. Typical current consumption in Sleep mode, code running from Flash or

RAM
Typ(M
Symbol | Parameter Conditions fHeoLk All peripherals | All peripherals Unit
enabled® disabled

72 MHz 14.4 5.5

48 MHz 9.9 3.9

36 MHz 7.6 3.1

24 MHz 53 2.3

16 MHz 3.8 1.8

External clock(® 8 MHz 2.1 1.2

4 MHz 1.6 1.1

2 MHz 1.3 1
1 MHz 1.11 0.98
500 kHz 1.04 0.96
Supply 125 kHz 0.98 0.95

Ibp current in mA

Sleep mode 64 MHz 12.3 4.4
48 MHz 9.3 3.3

36 MHz 7 2.5

24 MHz 4.8 1.8

(HSI), AHB prescaler | 8 MHz 1.6 0.6
;‘;Zi:;crsd“ce the 4 MHz 1 0.5
2 MHz 0.72 0.47
1 MHz 0.56 0.44
500 kHz 0.49 0.42

125 kHz 0.43 0.41

1. 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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Note:

Caution:

5.3.7

50/91

For C; ; 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; y and C » are
usually the same size. The crystal manufacturer typically specifies a load capacitance which
is the series combination of C; ; and Cj o.

Load capacitance C has the following formula: C| = C 4 X C 5/ (Cy + Cy2) + Cgyrgy, Where
Cstray is the pin capacitance and board or trace PCB-related capacitance. Typically, it is
between 2 pF and 7 pF.

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 Cgyoy = 2 pF,

then CL1 = CL2 =8 pF

Table 23.  LSE oscillator characteristics (fsg = 32.768 kHz) (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
Re Feedback resistor 5 MQ
c Recommended load capacitance
C L(12) versus equivalent serial Rg =30 kQ 15 pF
L2 resistance of the crystal (Rg)®
I LSE driving current Vpp=3.3V, V|y=Vsg 1.4 pA
Im Oscillator Transconductance 5 SAY
tsuse)? | startup time Vpp is stabilized 3 s

1. Based on characterization, not tested in production.
Refer to the note and caution paragraphs above the table.

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

4. 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 resonator and it can vary
significantly with the crystal manufacturer

Figure 22. Typical application with a 32.768 kHz crystal

Resonator with

0OSC32_IN

[> fLSE
Bias

controlled
gain

STM32F103xx

ai14146

Internal clock source characteristics

The parameters given in Table 24 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 9.
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5.3.8

5.3.9

52/91

Table 26. Low-power mode wakeup timings

Symbol Parameter Conditions Typ | Unit

twusLeep'" | Wakeup from Sleep mode Wakeup on HSI RC clock 1.8 | ps
Wakeup from Stop mode HSI RC wakeup time = 2 pis 36
(regulator in run mode)

twustop!" , Hs
Wakeup from Stop mode HSI RC wakeup time = 2 ps, Regulator 5.4
(regulator in low power mode) |wakeup from LP mode time = 5 ps ’

fwusTosy'" | Wakeup from Standby mode HSI RC wakeup time = 2 ps, Regulator 50 us

wakeup from power down time = 38 ys

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

PLL characteristics

The parameters given in Table 27 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 9.

Table 27. PLL characteristics

Value
Symbol Parameter Test conditions Unit
MinM | Typ | Max(
f PLL input clock(®) 1 8.0 25 MHz
PLL_IN
B PLL input clock duty cycle 40 60 %
fpLL_out | PLL multiplier output clock 16 72 MHz
tLock PLL lock time 200 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; | ouT-

Memory characteristics

Flash memory

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

Table 28. Flash memory characteristics

Symbol Parameter Conditions MinM | Typ | Max( | unit
torog | 16-bit programming time | Tp =40 to +105 °C 40 52.5 70 ps
terase | Page (1 KB) erase time | Tp=-40to0 +105 °C 20 40 ms
tye |Mass erase time Tpo=-40t0 +105°C 20 40 ms
Doc ID 13587 Rev 10 17
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Electrical characteristics

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 I/O 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/Os on Vpp plus the maximum Run

consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
lvpp (see Table 7).

® 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 7).

Output voltage levels

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 9. All I/Os are CMOS and TTL compliant.

Table 35. Output voltage characteristics
Symbol Parameter Conditions Min Max | Unit
(1) |Output low level voltage for an I/O pin
Vou when 8 pins are sunk at same time TTL port 0.4
5 . f oo llo=+8 mA Vv
@ utput high level voltage for an I/O pin 27V <V 36V .
VoH™ | \when 8 pins are sourced at same time = ¥bD < Vop~0-4
(1) |Output low level voltage for an I/O pin
VoL when 8 pins are sunk at same time CMOS port 0.4
o - ; 0 oi I|O =+ 8mA \Y
@ utput high level voltage for an I/O pin 27V <V 36V
Von when 8 pins are sourced at same time = VoD < 2.4
Ve (13 Output low level voltage for an I/O pin 13
oL when 8 pins are sunk at same time lio = +20 mA ' v
(2)(3) | Output high level voltage for an /O pin | 2.7V <Vpp <3.6 V
when 8 pins are sourced at same time
(1)@) | Output low level voltage for an 1/O pin
VoL . . 0.4
when 8 pins are sunk at same time lio=+6 mA v
V..(2)(3) | Output high level voltage for an 1/O pin 2V<Vpp<27V y
when 8 pins are sourced at same time

1. The |,g current sunk by the device must always respect the absolute maximum rating specified in Table 7
and the sum of I, (I/O ports and control pins) must not exceed lygs.

Table 7 and the sum of |, (I/O ports and control pins) must not exceed lypp.

3. Based on characterization data, not tested in production.
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Figure 25. 12C bus AC waveforms and measurement circuit
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1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.

Table 40. SCL frequency (fpck1= 36 MHz.,Vpp = 3.3 v)(N)

12C_CCR value
fsct (kH2) Rp = 4.7 kQ
400 0x801E
300 0x8028
200 0x803C
100 0x00B4
50 0x0168
20 0x0384

1. Rp = External pull-up resistance, fgc; = 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.
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Figure 31. Typical connection diagram using the ADC
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1. Refer to Table 45 for the values of Ry, Rapc and Capc.

2. C rasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pa capacitance (roughly 7 pF). A high Cpaasitic Value will downgrade conversion accuracy. To remedy
this, fapc should be reduced.

General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 32 or Figure 33,
depending on whether Vygg, is connected to Vppp or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 32. Power supply and reference decoupling (Vggg,. not connected to Vppa)
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1. VRgr: and VReg_ inputs are available only on 100-pin packages.
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Electrical characteristics

5.3.18

Figure 33. Power supply and reference decoupling (Vggf, connected to Vppa)
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1. VRer; and VRep_ inputs are available only on 100-pin packages.
Temperature sensor characteristics
Table 49. TS characteristics
Symbol Parameter Min Typ Max Unit
.M Vsenske linearity with temperature +1 +2 °C
Avg_SIopem Average slope 4.0 4.3 4.6 mV/°C
Vo5 Voltage at 25 °C 1.34 | 143 | 152 Vv
tSTART(z) Startup time 4 10 us
ADC sampling time when reading the
(3@
Ts_temp temperature 171 Hs

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

3. Shortest sampling time can be determined in the application by multiple iterations.

Doc ID 13587 Rev 10
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Package characteristics

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® is an ST trademark.
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Figure 36. LFBGA100 - low profile fine pitch ball grid array package outline
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1. Drawing is not to scale.

Table 51. LFBGA100 - low profile fine pitch ball grid array package mechanical data

mm inches(!)
Dim.
Min Typ Max Min Typ Max
A 1.700 0.0669
A1l 0.270 0.0106
A2 1.085 0.0427
A3 0.30 0.0118
A4 0.80 0.0315
b 0.45 0.50 0.55 0.0177 0.0197 0.0217
D 9.85 10.00 10.15 0.3878 0.3937 0.3996
D1 7.20 0.2835
E 9.85 10.00 10.15 0.3878 0.3937 0.3996
E1 7.20 0.2835
e 0.80 0.0315
F 1.40 0.0551
ddd 0.12 0.0047
eee 0.15 0.0059
fff 0.08 0.0031
N (number of balls) 100

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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6.2.2 Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 57: 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 STM32F103xx 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 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature Tpax = 82 °C (measured according to JESD51-2),
Ipbmax = 50 MA, Vpp = 3.5 V, maximum 20 I/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
at low level with I, =20 mA, Vg =13V

P\NTmax =50 mA x 3.5 V=175 mW
Plomax=20x8 mMAx 0.4V +8x20mAx 1.3V =272 mW
This gives: PinTmax = 175 mW and P gax = 272 mW:
Ppmax =175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 56 T j,,,4 is calculated as follows:
—  For LQFP100, 46 °C/W
Tymax = 82 °C + (46 °C/W x 447 mW) = 82 °C + 20.6 °C = 102.6 °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 57: 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 Tynax = 115 °C (measured according to JESD51-2),
Ippmax = 20 MA, Vpp = 3.5 V, maximum 20 I/Os used at the same time in output at low
level with o =8 mA, Vg =04V

P\NTmax =20 mA x 3.5 V=70 mW

Piomax =20 x 8 mA x 0.4V =64 mW

This gives: P\ytmax = 70 mW and Pigmax = 64 mW:
Pbmax =70 + 64 = 134 mW

Thus: Ppmay = 134 mW

82/91 Doc ID 13587 Rev 10 KYI




