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Description STM32F103x4, STM32F103x6
Figure 1. STM32F103xx performance line block diagram
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1. Tp=-40°Cto +105 °C (junction temperature up to 125 °C).
2. AF = alternate function on I/O port pin.
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STM32F103x4, STM32F103x6

Description

Figure 2. Clock tree

8 MHz
usB 48 MHz USBCLK
Prescaler to USB interface
1,15
HCLK
72 MHz max to AHB bus, core,
Clock — memory and DMA
sw Enable (3 bits) to Cortex System timer
PLLSRC PLLMUL » FCLK Cortex
: HSI | AHB APBH free running clock
..., X16 SYSCLK
x2, X3, x4 PLLCLK W Prescaler -+ Prescaler 36 MHz max PCLK1
PLL “11,2.512 || |1,2,4,8 16 oA
HSE max Peripheral Clock peripherals
Enable (13 bits)
TIM2, TIM3 to TIM2, TIM3
11f (APB1 prescaler =1) x1 IMXCLK
CSS
else X2 | peripheral Clock
Enable (3 bits)
PLLXTPRE APB2
0S¢ OUT —| Prescaler 72 MHz max E)CLK2
_ n,2,4,8,16 E i
4-16 MHz Peripheral Clock peripherals
HSE OSC Enable (11 bits)
osc N[ 1] _
TIM1 timer to TIM1
H11f (APB2 prescaler =1) x1 . TIMICLK
else X2/ peripheral Clock
/128 ADG Enable (1 bit)
OSC32_IN L to ADC
- LSE 0SC LSE iy Prescaler  —35EEIK >
32.768 kHz RTCCLK /2,4,6,8
0SC32_0uUT
RTCSEL[1:0]
LSIRC LSl to Independent Watchdog (IWD(E)
40 kHz IWDGCLK Legend:
HSE = high-speed external clock signal
. HSI = high-speed internal clock signal
Main PLLCLK LSI = low-speed internal clock signal
Clock Output LSE = low-speed external clock signal
MCO [ | HSI
HSE
SYSCLK
MCO ail5176

3

When the HSI is used as a PLL clock input, the maximum system clock frequency that can be achieved is

64 MHz.

For the USB function to be available, both HSE and PLL must be enabled, with USBCLK running at 48

MHz.

To have an ADC conversion time of 1 ps, APB2 must be at 14 MHz, 28 MHz or 56 MHz.
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Pinouts and pin description
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Figure 5. STM32F103xx performance line LQFP48 pinout
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Figure 6. STM32F103xx performance line UFQFPN48 pinout
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Pinouts and pin description STM32F103x4, STM32F103x6

Table 5. Low-density STM32F103xx pin definitions (continued)

Pins . Alternate functions®
N
_ < |8 a |9 Main
Rz 3| ¢ |z Pin name ¢ | @ | function®
efl ko 2 | o | (after reset) Default Remap
oolo | B O =
L §
- - |D1] 3 PD1 /O | FT PD1 - -
- |54 |B5]| - PD2 /O | FT PD2 TIM3_ETR -
TIM2_CH2 /
39 | 55| A5 | 30 PB3 /O | FT JTDO - PB3/
TRACESWO
TIM3_CH1 /PB4
40 | 56 | A4 | 31 PB4 /O |FT| NJTRST - SPILMISO
TIM3_CH2 /
41 |57 | C4 |32 PB5 o | - PB5 I2C1_SMBA SPIL_MOSI
42 | 58 | D3 |33 PB6 /O | FT PB6 12C1_ScL®) USART1_TX
43 |59 | C3 |34 PB7 /0 | FT PB7 12C1_SDA® USART1_RX
44 | 60 | B4 | 35 BOOTO I - BOOTO - -
12C1_SCL
45 | 61 | B3| - PB8 /0 | FT PB8 - JCAN. RX
I2C1_SDA/
46 | 62 | A3 | - PB9 /O | FT PB9 - CAN. TX
47 | 63 | D4 | 36 Vss 3 s | - Vss 3 - -
48 | 64 |E4 | 1 Vpp,_ 3 s | - Vpp,_ 3 - -

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

Function availability depends on the chosen device. For devices having reduced peripheral counts, it is always the lower
number of peripheral that is included. For example, if a device has only one SPI and two USARTS, they will be called SPI1
and USART1 & USART2, respectively. Refer to Table 2 on page 11.

4. If several peripherals share the same 1/O pin, to avoid conflict between these alternate functions only one peripheral should
be enabled at a time through the peripheral clock enable bit (in the corresponding RCC peripheral clock enable register).

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

6. Main function after the first backup domain power-up. Later on, it depends on the contents of the Backup registers even
after reset (because these registers are not reset by the main reset). For details on how to manage these 10s, refer to the
Battery backup domain and BKP register description sections in the STM32F10xxx reference manual, available from the
STMicroelectronics website: www.st.com.

7. The pins number 2 and 3 in the VFQFPN36 package, 5 and 6 in the LQFP48, UFQFPN48 and LQFP64 packages and C1
and C2 in the TFBGA64 package are configured as OSC_IN/OSC_OUT after reset, however the functionality of PDO and
PD1 can be remapped by software on these pins. For more details, refer to the Alternate function 1/0O and debug
configuration section in the STM32F10xxx reference manual.

Unlike in the LQFP64 package, there is no PC3 in the TFBGA64 package. The Vrgg, functionality is provided instead.

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

4

Memory mapping

The memory map is shown in Figure 8.

Figure 8. Memory map
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STM32F103x4, STM32F103x6 Electrical characteristics

5.3

5.3.1

3

Table 7. Current characteristics

Symbol Ratings Max. Unit
lvobD Total current into Vpp/Vppa power lines (source)® 150
lyss Total current out of Vg ground lines (sink)® 150
Output current sunk by any I/O and control pin 25
o Output current source by any 1/Os and control pin -25 mA
Injected current on five volt tolerant pins(3) -5/+0
||NJ(PIN)(2) n @)
jected current on any other pin +5
ZhNaPINy Total injected current (sum of all /O and control pins)(5) +25

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

Negative injection disturbs the analog performance of the device. See note 2. on page 71.

Positive injection is not possible on these 1/Os. A negative injection is induced by Viy<Vss. linypiny Must
never be exceeded. Refer to Table 6: Voltage characteristics for the maximum allowed input vo(ltage
values.

A positive injection is induced by Vi\>Vpp while a negative injection is induced by V|y<Vss. liyjeiny must
never be exceeded. Refer to Table 6: Voltage characteristics for the maximum allowed input voltage
values.

When several inputs are submitted to a current injection, the maximum X,y 3y is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 8. Thermal characteristics

Symbol Ratings Value Unit
Tsta Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

Operating conditions

General operating conditions

Table 9. General operating conditions

Symbol Parameter Conditions Min Max Unit
fheLk Internal AHB clock frequency - 0 72
fecLk1 Internal APB1 clock frequency - 0 36 MHz
focLk2 Internal APB2 clock frequency - 0 72
Vpp Standard operating voltage - 2 3.6
Analog operating voltage
d _ 2 3.6
0 (ADC not used) Must be the same potential
Vbpa , as V@ v
Analog operating voltage DD 24 36
(ADC used) ' ’
VBaT Backup operating voltage - 1.8 3.6

DoclD15060 Rev 7 33/99




Electrical characteristics STM32F103x4, STM32F103x6

Table 9. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit
Voot
Standard 10 0.3 03
Vin I/0 input voltage ET 100 2V<Vpp=36V | -03 | 55 %
Vpp=2V -0.3 5.2
BOOTO 0 5.5
TFBGAG4 - 308
L LQFP64 - 444
Power dissipation at Ty = QFPS
Pp 85 °C for suffix 6 czr)TA = LQFP48 - 363 mw
o 1 4
105 °C for suffix 7 UFQFPN4S i 624
VFQFPN36 - 1000
Ambient temperature for 6 Maximum power dissipation | —40 85
suffix version Low power dissipation® —-40 | 105
TA
Ambient temperature for 7 Maximum power dissipation | —40 105 o
suffix version Low power dissipation® 40 | 125
6 suffix version -40 105
TJ Junction temperature range
7 suffix version -40 125

When the ADC is used, refer to Table 46: ADC characteristics.

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

To sustain a voltage higher than Vpp+0.3 V, the internal pull-up/pull-down resistors must be disabled.

If T is lower, higher P, values are allowed as long as T; does not exceed Tjmax (see Table 6.6: Thermal
characteristics on page 92).

5. Inlow power dissipation state, T, can be extended to this range as long as T; does not exceed Tjmax (see
Table 6.6: Thermal characteristics on page 92).

5.3.2 Operating conditions at power-up / power-down

Subject to general operating conditions for Ta.

Table 10. Operating conditions at power-up / power-down

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 ¥
tvop - Hs/V
Vpp fall time rate 20 ¥
5.3.3 Embedded reset and power control block characteristics

The parameters given in Table 11 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 9.

3
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Electrical characteristics

3

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

or RAM
Max(l)
Symbol Parameter Conditions fHeLk Unit
Tp=85°C | Tp=105°C
72 MHz 26 27
48 MHz 17 18
External clock®, all |36 MHz 14 15
peripherals enabled | o4 MHz 10 1
16 MHz 7 8
Supply currentin 8 MHz 4 5
Ibb 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 45 5
16 MHz 4 4.5
8 MHz 3 4
1. based on characterization, tested in production at Vpp max, fucLk max with peripherals enabled.
2. External clock is 8 MHz and PLL is on when fyc ¢ > 8 MHz.
DoclD15060 Rev 7 39/99




STM32F103x4, STM32F103x6 Electrical characteristics

Table 17. Typical current consumption in Run mode, code with data processing
running from Flash

Symbol | Parameter Conditions fHeLK All peripherals | All peripherals Unit
enabled® disabled
72 MHz 31.3 24.5
48 MHz 21.9 17.4
36 MHz 17.2 13.8
24 MHz 11.2 8.9
16 MHz 8.1 6.6
External clock® 8 MHz 5 4.2 mA
4 MHz 3 2.6
2 MHz 2 1.8
1 MHz 1.5 14
500 kHz 1.2 1.2
Supply 125 kHz 1.05 1
Ibb current in
Run mode 64 MHz 27.6 21.6
48 MHz 21.2 16.7
36 MHz 16.5 13.1
. . 24 MHz 10.5 8.2
Running on high
speed internal RC 16 MHz 7.4 5.9
(HSD), AHB 8 MHz 4.3 3.6 mA
prescaler used to
reduce the 4 MHz 2.4 2
frequency
2 MHz 1.5 1.3
1 MHz 1 0.9
500 kHz 0.7 0.65
125 kHz 0.5 0.45

Typical values are measures at Ty = 25 °C, Vpp = 3.3 V.

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 k > 8 MHz.

3
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Electrical characteristics STM32F103x4, STM32F103x6

5.3.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 20 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 9.

Table 20. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
fuse ext | User external clock source frequency® 1 8 25 MHz
VHSEH OSC_IN input pin high level voltage 0.7Vpp - Vb v
VyseL OSC_IN input pin low level voltage Vss - 0.3Vpp
WHSE) | OSC_IN high or low time() 5 - -
ty(HSE)
ns
tiHsE) OSC_IN rise or fall time() - - 20
ti(HSE)
Cinusey | OSC_IN input capacitance™® - - 5 - pF
DuCyHsg) | Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss <ViN<Vpp - - *1 HA

1. Guaranteed by design, not tested in production.

Low-speed external user clock generated from an external source

The characteristics given in Table 21 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 9.

Table 21. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
flSE ext frequency® - 32.768 1000 kHz
OSC32_IN input pin high level
ViseH voltage pUt I Ig 0.7Vpp - Vbp
\Y
OSC32_IN input pin low level
ViseL voltage putp - Vss - 0.3Vpp
W(LSE) | 0SC32_IN high or low time™® 450 - -
ty(LSE) ns
WLSE) | 0sC32_IN rise or fall time® - - 50
tiLsE)
Cinsgy | ©SC32_IN input capacitance(®) - - 5 - pF
DuCy(Lsg) |Duty cycle - 30 - 70 %
I OSC32_IN Input leakage current Vss <ViN<Vpp - - *1 HA

1. Guaranteed by design, not tested in production.

3
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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, /Vop) 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 I1/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 /O pin @ )
Vou when 8 pins are sunk at same time CMOS port*™, 04
high level voltage for an /O pi o= *8mA Y
@) | Output high level voltage for an I/O pin 27V <Van<3.6V B i
Vor when 8 pins are sourced at same time DD Vop~04
(1) |Output low level voltage for an 1/O pin @ )
Vo when 8 pins are sunk at same time TTL port 0.4
: - I|O =+ 8mA \V
@) | Output high level voltage for an I/O pin 27V <Van<3.6V i
Vor when 8 pins are sourced at same time DD 2.4
Ve @) Output low level voltage for an I/O pin ) 13
oL when 8 pins are sunk at same time lio = +20 mA '
\
\/n.(3)(@) | Output high level voltage for an I/O pin 27V<Vpp<36V Vel 3 )
OH when 8 pins are sourced at same time po—=
Vo @) Output low level voltage for an I/O pin ) 04
oL when 8 pins are sunk at same time lio = +6 MA '
\
\/...(3)(@ | Output high level voltage for an I/O pin 2V<Vpp<27V Ny )
OH when 8 pins are sourced at same time po

1. The |jg 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.

The |, current sourced 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 lypp.

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

3
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5.3.16 Communications interfaces

I2C interface characteristics

The STM32F103xx performance line I°C interface meets the requirements of the standard
I>C communication protocol with the following restrictions: the I/O 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 I°C characteristics are described in Table 40. Refer also to Section 5.3.12: 1/O current
injection characteristics for more details on the input/output alternate function characteristics

(SDA and SCL).

Table 40. I2C characteristics

Stanlggzg)(rz?ode Fast mode 12C(D@)
Symbol Parameter Unit
Min Max Min Max
tyscLy | SCL clock low time 4.7 - 13 - s
tyscLr) | SCL clock high time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900
f(SDA) | SDA and SCL rise time . 1000 . 300 ns
trscL)
sDA) | SDA and SCL fall time . 300 . 300
tiscu)
th(sTA) Start condition hold time 4.0 - 0.6 -
Repeated Start condition HS
bsu(sTA) setup time 4T i 0.6 i
tsusTo) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time
tW(STO:STA) (bUS free) 4.7 - 13 - us
C I(i:naepacmve load for each bus i 400 i 400 OF

Guaranteed by design, not tested in production.

fpcLk1 Must be at Ieast 2 MHz to achieve standard mode I1°C frequencies. It must be at least 4 MHz to
achieve fast mode 1°C frequencies. It must be a multiple of 10 MHz to reach the 400 kHz maximum [2C

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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Figure 29. I°C bus AC waveforms and measurement circuit
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1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.

2. Rs = Series protection resistors, Rp = Pull-up resistors, Vpp |5¢ = 12C bus supply.

Table 41. SCL frequency (fpcy k1= 36 MHZ.Vpp joc = 3.3 V)@

12C_CCR value
fscL (kH2) S
400 0x801E
300 0x8028
200 0x803C
100 0x00B4
50 0x0168
20 0x0384

Rp = External pull-up resistance, fgc, = 12c speed,
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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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
Al - 0.020 0.050 - 0.0008 0.0020
A2 - 0.650 1.000 - 0.0256 0.0394

A3 - 0.200 - - 0.0079 -
b 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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Device Marking for UFQFPN48

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

Figure 43. UFQFPN48 marking example (package view

Product identification(1)

> STM32F

a

103CLULA

Date code = year + week

Y| Ww

Pin 1 identification

— \‘ m Q“ | Revision code

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.

MSv36781V1
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Table 54. TFBGA64 — 64-ball, 5 x 5 mm, 0.5 mm pitch, thin profile fine pitch ball
grid array package mechanical data (continued)

millimeters inches®
Symbol
Min Typ Max Min Typ Max

e - 0.500 - - 0.0197 -

F - 0.750 - - 0.0295 -
ddd - - 0.080 - - 0.0031
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 48. TFBGA64 — 64-ball, 5 x 5 mm, 0.5 mm pitch, thin profile fine pitch ball

grid array, recommended footprint
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Table 55. TFBGA64 recommended PCB design rules (0.5 mm pitch BGA)

registration tolerance)

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

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 1.125 mm

Pad trace width

0.100 mm

86/99
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Table 56. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package
mechanical data

millimeters inches®
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
Al 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

c 0.090 - 0.200 0.0035 - 0.0079
D 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835
D3 - 5.500 - - 0.2165 -

E 8.800 9.000 9.200 0.3465 0.3543 0.3622
El 6.800 7.000 7.200 0.2677 0.2756 0.2835
E3 - 5.500 - - 0.2165 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
ccc - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 51. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.
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Table 59. Document revision history (continued)

Date Revision Changes

Added VFQFPN48 package.

Updated note 2 below Table 40: I12C characteristics

20-May-2010 4 Updated Figure 29: 12C bus AC waveforms and measurement circuit
Updated Figure 28: Recommended NRST pin protection

Updated Section 5.3.12: 1/O current injection characteristics

Updated footnotes below Table 6: Voltage characteristics on page 32 and Table 7:
Current characteristics on page 33

Updated tw min in Table 20: High-speed external user clock characteristics on
page 46

Updated startup time in Table 23: LSE oscillator characteristics (f, g = 32.768 kHz)
on page 49

Added Section 5.3.12: I/O current injection characteristics

Updated Section 5.3.13: 1/O port characteristics

19-Apr-2011 5
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