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STM32F103x8, STM32F103xB Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F103x8 and STM32F103xB medium-density performance line microcontrollers.
For more details on the whole STMicroelectronics STM32F103xx family, please refer to
Section 2.2: Full compatibility throughout the family.

The medium-density STM32F 103xx datasheet should be read in conjunction with the low-,
medium- and high-density STM32F 10xxx reference 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.

2 Description

The STM32F103xx medium-density performance line family incorporates the high-
performance ARM® Cortex®-M3 32-bit RISC core operating at a 72 MHz frequency, high-
speed embedded memories (Flash memory up to 128 Kbytes and SRAM up to 20 Kbytes),
and an extensive range of enhanced I/Os and peripherals connected to two APB buses. All
devices offer two 12-bit ADCs, three general purpose 16-bit timers plus one PWM timer, as
well as standard and advanced communication interfaces: up to two I2Cs and SPIs, three
USARTSs, an USB and a CAN.

The devices operate from a 2.0 to 3.6 V power supply. They are available in both the —40 to
+85 °C temperature range and the —40 to +105 °C extended temperature range. A
comprehensive set of power-saving mode allows the design of low-power applications.

The STM32F103xx medium-density performance line family includes devices in six different
package types: from 36 pins to 100 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 STM32F103xx medium-density performance line microcontroller
family suitable for a wide range of applications such as motor drives, application control,
medical and handheld equipment, PC and gaming peripherals, GPS platforms, industrial
applications, PLCs, inverters, printers, scanners, alarm systems, video intercoms, and
HVACs.

3
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Pinouts and pin description

STM32F103x8, STM32F103xB

Figure 4. STM32F103xx performance line LQFP100 pinout
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Pinouts and pin description

STM32F103x8, STM32F103xB

Figure 8. STM32F103xx performance line LQFP48 pinout
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Figure 9. STM32F103xx performance line UFQFPN48 pinout
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Pinouts and pin description STM32F103x8, STM32F103xB

Table 5. Medium-density STM32F103xx pin definitions

Pins Alternate functions(¥
3 8
o E © = o Main
E § § § § § g Pin name “g E function(®
o Q13 o |k e | o 2| ol (after reset) Default Remap
Bls g |3/9)¢E =
5

A3[B2| - | - | - |1]|- PE2 /O |FT PE2 TRACECK -
B3|A1| - | - | - | 2]- PE3 /0 |FT PE3 TRACEDO -
c3|Bt| - | - | -|3]- PE4 /O |FT PE4 TRACED1 -
D3|c2| - | - | - |4 |- PE5 /0 |FT PE5 TRACED2 -
E3|D2| - | - | - |5 |- PE6 /O |FT PE6 TRACED3 -
B2|E2| 1 [B2| 1|6 |- VAT S |- VAT - -
A2|C1|2 |A2|2|7]- PC”E%’?Q;D ER-lio| - | Pc13® | TAMPER-RTC -
A1|D1| 3 |A1| 3 | 8 | - |PC14-0SC32_IN®|I/O] - PC14(6) 0SC32_IN -
B1|ET| 4 |B1| 4|8 |-| ooooo'oure V0| -| PC1s® | oscszour .
c2|F2| - | - |- [10]- Vss 5 S |- Vss 5 - -
D2|G2| - | - | - |11]|- Vbp 5 S |- Vop 5 -
Cl|F1| 5 |C1| 5 |12]2 OSC_IN | | -| OSC_IN - PDO(™)
D1|{G1| 6 |D1| 6 | 133 OSC_OUT O|-| osc out PD1(7)
E1|H2| 7 |E1| 7 |14 |4 NRST I/o| - NRST - -
FI |H1| - |E3| 8 |15 - PCO /0| - PCO ADC12_IN10 -
F2|J2| - |E2| 9 |16 |- PC1 I/o| - PC1 ADC12_IN11 -
E2|J3 | - | F2 |10 |17 | - PC2 /0| - PC2 ADC12_IN12 -
F3 (K2 | - |-® |11 |18 - PC3 /o] - PC3 ADC12_IN13 -
G1|J1 |8 |F1]12]19 |5 Vssa S| - Vssa - -
H1 K1 | - | - | - |20 - VREF. S |- VREF. - -
JI{Lt| - |e1® - 21 ] - VREF+ S |- VREF+ - -
K1 |M1| 9 |H1|[13|22]|6 Vbpa S |- Vboa - -

3
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Electrical characteristics STM32F103x8, STM32F103xB

Table 8. Thermal characteristics

Symbol Ratings Value Unit
Tstc 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
fucLk Internal AHB clock frequency - 0 72
frcLkA Internal APB1 clock frequency - 0 36 MHz
froLk2 Internal APB2 clock frequency - 0 72
Vpp Standard operating voltage - 2 3.6
Analog operating voltage 2 36
Vppa'™ (ADC not used) Must bezthe same potential v
Analog operating voltage as Vpp 24 3.6
(ADC used)
VBaT Backup operating voltage - 1.8 3.6
Standard 10 03 | Voo
Vin /O input voltage FT 100) 2V<Vpp=36V | 03| 55 %
Vpp=2V -0.3 5.2
BOOTO 0 55
LFBGA100 - 454
LQFP100 - 434
UFBGA100 - 339
Power dissipation at Ty = TFBGA64 - 308
Pp 85 °C for suffix 6 or T = mwW
105 °C for suffix 7(4) LQFP64 ) 444
LQFP48 - 363
UFQFPN48 - 624
VFQFPN36 - 1000
38/117 DoclD13587 Rev 17 ‘W




Electrical characteristics

STM32F103x8, STM32F103xB

441117

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

RAM
Max(")
Symbol Parameter Conditions fucoLk Unit
To=85°C | To=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
DD mA
Sleep mode 72 MHz 7.5 8
48 MHz 6.5
External clock@, all |36 MHz 5.5
peripherals disabled |24 MHz 45 5
16 MHz 4 4.5
8 MHz 3 4

1. Based on characterization, tested in production at Vpp max, fucLk Mmax with peripherals enabled.

2. External clock is 8 MHz and PLL is on when fyc « > 8 MHz.

DoclD13587 Rev 17

3




Electrical characteristics STM32F103x8, STM32F103xB

For C 4 and C| », 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 24). C| 4 and C| , are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 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_1 and C| . Refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

Figure 24. Typical application with an 8 MHz crystal
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1. Rgxr 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 23. 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 23. LSE oscillator characteristics (f_sg = 32.768 kHz)(1) (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)
I LSE driving current Vop =33V - - - 14 | pA
VIN = Vss
Im Oscillator transconductance - - 5 - - AV
54/117 DoclD13587 Rev 17 Kys




STM32F103x8, STM32F103xB Electrical characteristics

Table 23. LSE oscillator characteristics (f_sg = 32.768 kHz)(!) (2) (continued)

Symbol Parameter Conditions - Min | Typ | Max | Unit
Tpo=50°C - 1.5 -
To=25°C - 25 -
To=10°C - 4 -
tSU(LSE)(3) Startup time St;/gﬁzlzd TIA=_-:)0 ?C 160 s
To=-20°C - 17 -
Tpo=-30°C - 32 -
Tpo=-40°C - 60 -

Guaranteed based on test during characterization.

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

3. tsysk) 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:

Caution:

5.3.7

3

For C, 4 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; 1 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 ».

Load capacitance C; has the following formula: C = C 1 x C 2/ (C4 + CLp) + Cgyray, where
Cst,ay 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| 1 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 Cgay = 2 pF,
then CL1 = CL2 =8 pF

Figure 25. Typical application with a 32.768 kHz crystal
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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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STM32F103x8, STM32F103xB Electrical characteristics

3

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 7).

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 7).

Output voltage levels

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

Table 36. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
(1) | Output low level voltage for an I/O pin @) )
VoL when 8 pins are sunk at same time CMOS port™, 04
0 i for an 1/O pi o= *6mA
3) utput high level voltage for an I/O pin 27V <Van <36V B )
Vo™ | when 8 pins are sourced at same time bb Vop-04
(1) | Output low level voltage for an 1/O pin @) )
VoL when 8 pins are sunk at same time TTL port 0.4
0 i for an 1/O pi fio =+ 8mA
3) utput high level voltage for an 1/O pin 27V <Van <36V )
VoH™ | \when 8 pins are sourced at same time |~ b = 2.4 y
Vi (1) Output low level voltage for an I/O pin ) 13
oL when 8 pins are sunk at same time lio = +20 mA '
Vs, (3)(4) | Output high level voltage for an 1/O pin 27V<Vpp<36V V1.3 i
OH when 8 pins are sourced at same time po— -
Vi (D) Output low level voltage for an 1/O pin i 04
oL when 8 pins are sunk at same time lo = +6 mA
V... (3)4) | Output high level voltage for an I/O pin 2V<Vpp<27V Ve 0.4 i
OH when 8 pins are sourced at same time DD~

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.

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

3. The lg current sourced by the device must always respect the absolute maximum rating specified in
Table 7 and the sum of |, (I/O ports and control pins) must not exceed |ypp.

4. Guaranteed based on test during characterization.
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STM32F103x8, STM32F103xB Electrical characteristics

Figure 30. /0 AC characteristics definition
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5.3.14 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 35).

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

in Table 9.
Table 38. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
V|L(NRST)(1) NRST Input low level voltage - -0.5 - 0.8 v
VinnrsT) " | NRST Input high level voltage - 2 - | Vpp*0.5
NRST Schmitt trigger voltage
Vhys(NRST) hysteresis - - 200 - mvV
Rpy Weak pull-up equivalent resistor® | V= Vss 30 40 50 kQ
VF(NRST>(1) NRST Input filtered pulse - - - 100 ns
VNF(NRST)(1) NRST Input not filtered pulse - 300 - - ns

1. Guaranteed by design.

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).

3
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Electrical characteristics

STM32F103x8, STM32F103xB

Figure 31. Recommended NRST pin protection
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2. The reset network protects the device against parasitic resets.

3. The user must ensure that the level on the NRST pin can go below the V) (yrsT) max level specified in
Table 38. Otherwise the reset will not be taken into account by the device.

5.3.15 TIM timer characteristics
The parameters given in Table 39 are guaranteed by design.
Refer to Section 5.3.12: I/O current injection characteristics for details on the input/output
alternate function characteristics (output compare, input capture, external clock, PWM
output).
Table 39. TIMx(") characteristics
Symbol Parameter Conditions Min Max Unit
. o - 1 - trimxcLk
tres(TiM) Timer resolution time
fTIMXCLK =72 MHz 13.9 - ns
e Timer external clock - 0 FrimxcLi/2 MHz
frequency on CH1to CH4 |~ =72 MHz 0 36 MHz
Restim Timer resolution - - 16 bit
16-bit counter clock period - 1 65536 trimxcLk
tcounTER  |when internal clock is
selected frimxcLk = 72 MHz | 0.0139 910 us
- - 65536 x 65536 | trimxcLK
tmax_counT |Maximum possible count
fTIMXCLK =72 MHz - 59.6 S
1. TIMx is used as a general term to refer to the TIM1, TIM2, TIM3 and TIM4 timers.
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STM32F103x8, STM32F103xB

Package information

3

Table 51. 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 - 0.250 - - 0.0098 -
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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Package information STM32F103x8, STM32F103xB

Figure 42. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch quad
flat package recommended footprint

[ 4.30 1.00»
Jumuuui

b=z | t 18]
— ] L1 os
|:I < 4.1 |_|_ﬂ_
] -+

0 —E | _4.80 T 4.10 N %

I_L 4.80 :I_l

=L =
A0000000m -

0.3

o
w
o
v

ZR_FP_V1

3

82/117 DoclD13587 Rev 17




STM32F103x8, STM32F103xB Package information

Marking of engineering samples

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 43. VFPFPN36 package top view example

Product identification"

i\’ STM32
N\

FLO3T&UL

Date code

YIWw

Pin 1 r =
i dentif
indentifier X ’l R
O

Revision code

MSv37531V1

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.

3

DoclD13587 Rev 17 83/117




Package information

STM32F103x8, STM32F103xB

Table 56. UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid array

package mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
ddd - - 0.100 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

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

Figure 54. UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid
array package recommended footprint
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Table 57. UFBGA100 recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended values
Pitch 0.5
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask reg-

istration tolerance)

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm
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Marking of engineering samples

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 58. LQFP64 package top view example

(1) Revision code
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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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6.9.2
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Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 63: 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 STM32F 103xx 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 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
at low level with 1. =20 mA, Vo = 1.3V

PINTmax = 50 mA x 3.5 V=175 mW

Piomax =20 X 8 MA x 0.4V + 8 x 20 mA x 1.3V = 272 mW
This gives: Piytmax = 175 mW and Pigmax = 272 mW:
Pbmax = 175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 62 T j,, 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 63: 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

PiNTmax =20 mA x 3.5 V=70 mW

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

This gives: Piytmax = 70 mW and Pigmax = 64 mW:
Pbmax =70 + 64 = 134 mW

Thus: Pppmax = 134 mW
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Ordering information scheme

Table 63. Ordering information scheme

Example:

Device family

STM32 F 103 C 8 T

STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

7 XXX

103 = performance line

Pin count

T =36 pins
C =48 pins
R =64 pins
V =100 pins

Flash memory size

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

Package

H =BGA

| = UFBGA

T =LQFP

U = VFQFPN or UFQFPN

Temperature range

6 = Industrial temperature range,
7 = Industrial temperature range,

Options

—40to 85 °C.
—40to 105 °C.

XXX = programmed parts
TR = tape and real

For a list of available options (speed, package, etc.) or for further information on any aspect

of this device, please contact your nearest ST sales office.
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