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STM32F103xF, STM32F103xG Description

2.3.10

2.3.11

2.3.12

2.3.13

3

Clocks and startup

System clock selection is performed on startup, however the internal RC 8 MHz oscillator is
selected as default CPU clock on reset. An external 4-16 MHz clock can be selected, in
which case it is monitored for failure. If failure is detected, the system automatically switches
back to the internal RC oscillator. A software interrupt is generated if enabled. Similarly, full
interrupt management of the PLL clock entry is available when necessary (for example with
failure of an indirectly used external oscillator).

Several prescalers allow the configuration of the AHB frequency, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB and
the high speed APB domains is 72 MHz. The maximum allowed frequency of the low speed
APB domain is 36 MHz. See Figure 2 for details on the clock tree.

Boot modes

At startup, boot pins are used to select one of three boot options:

e  Boot from user Flash: you have an option to boot from any of two memory banks. By
default, boot from Flash memory bank 1 is selected. You can choose to boot from Flash
memory bank 2 by setting a bit in the option bytes.

e  Boot from system memory

. Boot from embedded SRAM

The boot loader is located in system memory. It is used to reprogram the Flash memory by
using USART1.

Power supply schemes

e Vpp=2.0to 3.6 V: external power supply for I/Os and the internal regulator.
Provided externally through Vpp pins.

e Vgsa, Vppa = 2.0 to 3.6 V: external analog power supplies for ADC, DAC, Reset
blocks, RCs and PLL (minimum voltage to be applied to VDDA is 2.4 V when the ADC
or DAC is used). Vppa and Vgga must be connected to Vpp and Vgg, respectively.

e Vpar= 1.8 t0 3.6 V: power supply for RTC, external clock 32 kHz oscillator and backup
registers (through power switch) when Vpp is not present.

For more details on how to connect power pins, refer to Figure 10: Power supply scheme.

Power supply supervisor

The device has an integrated power-on reset (POR)/power-down reset (PDR) circuitry. It is
always active, and ensures proper operation starting from/down to 2 V. The device remains
in reset mode when Vpp is below a specified threshold, Vpor/ppr, Without the need for an
external reset circuit.

The device features an embedded programmable voltage detector (PVD) that monitors the
Vpp/Vppa power supply and compares it to the Vpyp threshold. An interrupt can be
generated when Vpp/Vppa drops below the Vpyp threshold and/or when Vpp/Vppa is
higher than the Vpyp threshold. The interrupt service routine can then generate a warning
message and/or put the MCU into a safe state. The PVD is enabled by software. Refer to
Table 12: Embedded reset and power control block characteristics for the values of

Vpor/PDR @nd Vpyp.
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Description STM32F103xF, STM32F103xG

2.3.21 Serial peripheral interface (SPI)

Up to three SPIs are able to communicate up to 18 Mbits/s in slave and master modes in
full-duplex and simplex communication modes. The 3-bit prescaler gives 8 master mode
frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes.

All SPIs can be served by the DMA controller.

2.3.22 Inter-integrated sound (IZS)

Two standard 1%S interfaces (multiplexed with SPI2 and SPI3) are available, that can be
operated in master or slave mode. These interfaces can be configured to operate with 16/32
bit resolution, as input or output channels. Audio sampling frequencies from 8 kHz up to
48 kHz are supported. When either or both of the 12S interfaces is/are configured in master
mode, the master clock can be output to the external DAC/CODEC at 256 times the
sampling frequency.

2.3.23 SDIO

An SD/SDIO/MMC host interface is available, that supports MultiMediaCard System
Specification Version 4.2 in three different databus modes: 1-bit (default), 4-bit and 8-bit.
The interface allows data transfer at up to 48 MHz in 8-bit mode, and is compliant with SD
Memory Card Specifications Version 2.0.

The SDIO Card Specification Version 2.0 is also supported with two different databus
modes: 1-bit (default) and 4-bit.

The current version supports only one SD/SDIO/MMC4.2 card at any one time and a stack
of MMC4.1 or previous.

In addition to SD/SDIO/MMC, this interface is also fully compliant with the CE-ATA digital
protocol Rev1.1.

2.3.24 Controller area network (CAN)

The CAN is compliant with specifications 2.0A and B (active) with a bit rate up to 1 Mbit/s. It
can receive and transmit standard frames with 11-bit identifiers as well as extended frames
with 29-bit identifiers. It has three transmit mailboxes, two receive FIFOs with 3 stages and
14 scalable filter banks.

2.3.25 Universal serial bus (USB)

The STM32F103xF and STM32F103xG performance line embed a USB device peripheral
compatible with the USB full-speed 12 Mbs. The USB interface implements a full-speed (12
Mbit/s) function interface. It has software-configurable endpoint setting and suspend/resume
support. The dedicated 48 MHz clock is generated from the internal main PLL (the clock
source must use a HSE crystal oscillator).

2.3.26 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.

22/136 DoclD16554 Rev 4 ‘Yl




STM32F103xF, STM32F103xG Pinouts and pin descriptions

Table 5. STM32F103xF and STM32F103xG pin definitions (continued)

Pins Alternate functions®
)
< = | Main
E 3 § § Pin name | 3| function®
o | & ala £ | O/ (after reset) Default Remap
2/9/8|8 =
- | |
E11| 40 | 66 |99 PC9 I/O|FT PC9 TIM8_CH4 / SDIO_D1 TIM3_CH4
%)
E12| 41| 67 |100 PA8 I/O|FT PA8 USART1_CK / TIM1_CH1/ -
MCO
D12| 42 | 68 101 PA9 I/O|FT PA9 USART1_TX7) / TIM1_CH2(™ -
D11[43 | 69 102 PA10 V/O|FT|  PA10 USART1_RX(/ TIM1_CH3(") -
USART1_CTS/USB_DM /
C12| 44 | 70 [103 PA11 I/O|FT PA11 CAN_RXT) / TIM1_ GH4() -
USART1_RTS/USB_DP /
B12|45 | 71 |104 PA12 I/O|FT PA12 CAN. X/ TIM1_ETR®) -
JTMS-
A12| 46 | 72 [105 PA13 VO|FT|  Swpio - PA13
C11| - |73 (106 Not connected
G9 | 47 | 74 107 Vss 2 S Vss 2 - -
F9 |48 |75 [108 Vop 2 S Vop 2 - -
JTCK-
A11]49 | 76 [109 PA14 VO|FT|  Swelk - PA14
TIM2_CH1_ETR
A10| 50 | 77 [110 PA15 I/O|FT JTDI SPI3_NSS/12S3_WS PA15/SPIT_NSS
B11| 51| 78 [111 PC10 I/O|FT| PC10 UART4_TX/SDIO_D2 USART3_TX
B10|52 | 79 |112 PC11 I/O|FT|  PC11 UART4_RX /SDIO_D3 USART3_RX
C10(53 |80 [113 PC12 I/O|FT| PC12 UART5_TX/SDIO_CK USART3_CK
E10| - | 81|14 PDO I/O|FT PDO FSMC_D2®) CAN_RX
D10| - |82 |115 PD1 /O |FT PD1 FSMC_D3© CAN_TX
TIM3_ETR / UART5_RX/
E9 | 54 | 83 |116 PD2 I/O|FT PD2 SDIO_CMD -
D9 | - |84 117 PD3 I/O[FT PD3 FSMC_CLK USART2_CTS
co| - [85]118 PD4 I/O|FT PD4 FSMC_NOE USART2_RTS
B9 | - |86(119 PD5 I/0|FT PD5 FSMC_NWE USART2_TX
E7| - | - |120 Vss_10 S Vss_10 - -
F7 1 -] - 121 Vbp_10 S Vbb_10 - -
A8 | - |87 [122 PD6 /O |FT PD6 FSMC_NWAIT USART2_RX
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STM32F103xF, STM32F103xG

Table 5. STM32F103xF and STM32F103xG pin definitions (continued)

Pins Alternate functions®
)
< = | Main
E 3 § § Pin name | 3| function®
o | & ala £ | O/ (after reset) Default Remap
2/9/8|8 =
- | |
A9 | - |88 123 PD7 /O |FT PD7 FSMC_NE1 / FSMC_NCE2 USART2_CK
E8| - | - [124 PG9 /O |FT PG9 FSMC_NE2 / FSMC_NCE3 -
D8| - | - |125 PG10 I/O|FT| PG10 FSMC_NCE4_1/FSMC_NE3 -
c8| - | - 126 PG11 I/O|FT| PG11 FSMC_NCE4_2 -
B8| - | - [127 PG12 I/O|FT| PG12 FSMC_NE4 -
D7| - | - |128 PG13 I/O|FT| PG13 FSMC_A24 -
c7| - | - |129 PG14 I/O|FT| PG14 FSMC_A25 -
E6| - | - |130 Vss_11 S Vss_11 - -
F6 |- | - [131 Vbp_11 S Vbp_11 - -
B7| - | - [132 PG15 I/O|FT| PG15 - -
PB3/TRACESWO
A7 | 55|89 [133 PB3 I/O|FT| JTDO SPI3_SCK/12S3_CK/ TIM2_CH2 /
SPI1_SCK
PB4/ TIM3_CH1
A6 | 56 | 90 |134 PB4 I/O|FT| NJTRST SPI3_MISO SPI1_MISO
I2C1_SMBA / SPI3_MOSI / TIM3_CH2 /
B6 | 57 | 91 [135 PB5 /0 PB5 1283 SD SPI1_MOSI
C6 | 58|92 (136 PB6 /O |FT PB6 12c1_ScL®/ TIM4_CH1(®) USART1_TX
12C1_SDA®) / FSMC_NADV /
D6 | 59 | 93 |137 PB7 I/O|FT PB7 Tiva._ch2® USART1_RX
D5 | 60 | 94 |138 BOOTO | BOOTO - -
TIM4_CH3®) / SDIO_D4 / 12C1_SCL/
C5 |61 |95 (139 PBS /O |FT PB8 TIM10. CH1 CAN RX
TIM4_CH4®) / SDIO_D5/ I2C1_SDA/
B5 | 62 | 96 [140 PB9 I/O|FT PB9 TIM11_CH1 CAN. TX
A5 | - |97 [141 PEO /O |FT PEO TIM4_ETR /FSMC_NBLO -
A4 | - |98 142 PE1 /O |FT PE1 FSMC_NBL1 -
E5 | 63 | 99 [143 Vss 3 S Vss 3 - -
F5 | 64 [100 (144 Voo 3 S Vpp_ 3 - -
1. I=input, O = output, S = supply.

2. FT =5V tolerant.

3. Function availability depends on the chosen device.
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Pinouts and pin descriptions STM32F103xF, STM32F103xG

Table 6. FSMC pin definition

FSMC
pins CF cripe | NOR/PSRAMI T\ o R/PSRAM Mux | NAND 16 bit Larp1o0®
SRAM
PE2 - - A23 A23 - Yes
PE3 - - A19 A19 - Yes
PE4 - - A20 A20 - Yes
PE5 - - A21 A21 - Yes
PE6 - - A22 A22 - Yes
PFO AO A0 A0 - - -
PF1 A1 A1 A1 - - -
PF2 A2 A2 A2 - - -
PF3 A3 - A3 - - -
PF4 A4 - Ad - - -
PF5 A5 - A5 - - -
PF6 NIORD | NIORD - - -
PF7 NREG | NREG - - -
PF8 | NIOWR | NIOWR - - -
PF9 cD cD - - -
PF10 INTR INTR - - -
PF11 | NIOS16 | NIOS16 - - -
PF12 AG - A6 - - -
PF13 A7 - A7 - - -
PF14 A8 - A8 - - -
PF15 A9 - A9 - - -
PGO A10 - A10 - - -
PG1 - - A1 - - -
PE7 D4 D4 D4 DA4 D4 Yes
PES D5 D5 D5 DA5 D5 Yes
PE9 D6 D6 D6 DA6 D6 Yes
PE10 D7 D7 D7 DA7 D7 Yes
PE11 D8 D8 D8 DA8 D8 Yes
PE12 D9 D9 D9 DA9 D9 Yes
PE13 D10 D10 D10 DA10 D10 Yes
PE14 D11 D11 D11 DA11 D11 Yes
PE15 D12 D12 D12 DA12 D12 Yes
PD8 D13 D13 D13 DA13 D13 Yes
36/136 DoclD16554 Rev 4 ‘Y_I




Electrical characteristics STM32F103xF, STM32F103xG

5.34

5.3.5

46/136

Embedded reference voltage

The parameters given in Table 13 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 10.

Table 13. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max Unit
—40°C<Tp<+105°C | 1.16 [1.20 [1.26 \
Vrerint | Internal reference voltage
—40°C<Tp<+85°C | 1.16 [1.20 |1.24 \Y
ADC sampling time when
TS_Vreﬁm“) reading the internal reference - - |51 17.1@) us
voltage
Internal reference voltage
VRERWT(Z) spread over the temperature Vpp =3V 10 mV - - 10 mV
range
Teoeft?) | Temperature coefficient - - |- 100 ppm/°C

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

2. Guaranteed by design, not tested in production.

Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, ambient temperature, I/O pin loading, device software configuration,
operating frequencies, I/O pin switching rate, program location in memory and executed
binary code.

The current consumption is measured as described in Figure 11: Current consumption
measurement scheme.

All Run-mode current consumption measurements given in this section are performed with a
reduced code that gives a consumption equivalent to Dhrystone 2.1 code.

Maximum current consumption

The MCU is placed under the following conditions:
e AllI/O pins are in input mode with a static value at Vpp or Vgg (no load)
e All peripherals are disabled except when explicitly mentioned

e The Flash memory access time is adjusted to the fc k frequency (0 wait state from O
to 24 MHz, 1 wait state from 24 to 48 MHz and 2 wait states above)

e  Prefetch in ON (reminder: this bit must be set before clock setting and bus prescaling)
L When the peripherals are enabled fPCLK'] = fHCLK/Z’ fPCLK2 = fHCLK

The parameters given in Table 14, Table 15 and Table 16 are derived from tests performed
under ambient temperature and Vpp supply voltage conditions summarized in Table 10.

3
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Electrical characteristics

3

Table 16. Maximum current consumption in Sleep mode, code running from Flash or

RAM
Max(!)
Symbol | Parameter Conditions fucLk Unit
To=85°C | TA=105°C
72 MHz 475 48.5
48 MHz 34 35
External clock®, all |36 MHz 275 275
peripherals enabled | 24 MHz 20 20.5
16 MHz 15 16
Supply current 8 MHz 9 M
Iop : mA
in Sleep mode 72 MHz 9.5 11.2
48 MHz 7.7 9.5
External clock®, all |36 MHz 6.9 85
peripherals disabled |24 MHz 59 7.8
16 MHz 54 7.2
8 MHz 4.7 6.4

1. Guaranteed by characterization results, not tested in production at Vpp max, fyc x max with peripherals

enabled.

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

DoclD16554 Rev 4
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Electrical characteristics STM32F103xF, STM32F103xG

Table 19. Typical current consumption in Sleep mode, code running from Flash or

RAM
Typ()
Symbol | Parameter Conditions fueoLk All peripherals | All peripherals Unit
enabled® disabled
72 MHz 32,5 7
48 MHz 23 5
36 MHz 17.7 4
24 MHz 12.2 3.1
16 MHz 8.4 2.3
External clock(®) 8 MHz 46 15
4 MHz 3 1.3
2 MHz 2.15 1.25
1 MHz 1.7 1.2
500 kHz 1.5 1.15
o Sl:Jrr;sLyt . 125 kHz 1.35 1.15 "
Sleep mode 64 MHz 28.7 5.7
48 MHz 22 4.4
36 MHz 17 3.35
24 MHz 1.6 2.3
(HSI), AHB prescaler | 8 MHz 3.9 0.8
;‘rzzfj;zsduce the I MHz 2.3 0.7
2 MHz 1.5 0.6
1 MHz 1.1 0.5
500 kHz 0.9 0.5
125 kHz 0.7 0.5

1. Typical values are measures at Ty = 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 k > 8 MHz.

3
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Electrical characteristics

Table 32. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(!

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3thok + 0.5 | 3tk + 1.5 |ns
tynwe NE)y | FSMC_NEX low to FSMC_NWE low tholk ¥ 0.5 | thok + 1.5 |ns
tw(NWE) FSMC_NWE low time thek — 0.5 thek +1 | ns
thne_nwe) | FSMC_NWE high to FSMC_NE high hold time | tyck—0.5 - ns
tya_NE) FSMC_NEXx low to FSMC_A valid - 0 ns
tha_NWE) Address hold time after FSMC_NWE high thoLk - ns
ty(BL_NE) FSMC_NEx low to FSMC_BL valid - 1.5 ns
theL nwey | FSMC_BL hold time after FSMC_NWE high tholk — 1.5 - ns
ty(Data_NE) FSMC_NEXx low to Data valid - tholk ns
th(pata_Nnwe) | Data hold time after FSMC_NWE high thelk - ns
tynapbv Ny | FSMC_NEX low to FSMC_NADV low - 0 ns
twnaDV) FSMC_NADV low time - thok +1.5 [ns
1. CL=15pF.

Table 33. Asynchronous multiplexed read timings

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time Tthok 1 0.5 | Tthyok + 2
tynoe_NE)y | FSMC_NEX low to FSMC_NOE low 3tyck + 0.5 | Btyok + 1.5
tw(NOE) FSMC_NOE low time dtpok— 1 Aty + 1
thve_NoE) | FSMC_NOE high to FSMC_NE high hold time 0.5 -
tya_NE) FSMC_NEXx low to FSMC_A valid - 0
tynabv Ny | FSMC_NEX low to FSMC_NADV low 0 1
tw(NADV) FSMC_NADV low time thok + 0.5 tHok + 2
th(AD_NADY) Egmg_'\?ADD(\jdhciiriss) valid hold time after oLk ) ns

g
th(A_NOE) Address hold time after FSMC_NOE high thok — 2 -
th(BL_NOE) FSMC_BL time after FSMC_NOE high 0.5 -
ty(BL_NE) FSMC_NEXx low to FSMC_BL valid - 0
tsuata NE) | Data to FSMC_NEX high setup time 4thok — 0.5 -
tsupata_NOE) | Data to FSMC_NOE high setup time Atyok — 1 -
thpata_NE) | Data hold time after FSMC_NEX high 0 -
th(pata_NoE) | Data hold time after FSMC_NOE high 0 -
DoclD16554 Rev 4 69/136
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3

1.

C_=15pF.

PC Card/CompactFlash controller waveforms and timings

Figure 30 through Figure 35 represent synchronous waveforms and Table 42 provides the
corresponding timings. The results shown in this table are obtained with the following FSMC
configuration:

COM.FSMC_SetupTime = 0x04;
COM.FSMC_WaitSetupTime = 0x07;
COM.FSMC_HoldSetupTime = 0x04;
COM.FSMC_HiZSetupTime = 0x00;
ATT.FSMC_SetupTime = 0x04;
ATT.FSMC_WaitSetupTime = 0x07;
ATT.FSMC_HoldSetupTime = 0x04;
ATT.FSMC_HiZSetupTime = 0x00;
I0.FSMC_SetupTime = 0x04;
I0.FSMC_WaitSetupTime = 0x07;
I0.FSMC_HoldSetupTime = 0x04;
I0.FSMC_HiZSetupTime = 0x00;
TCLRSetupTime = 0;
TARSetupTime = 0;

Figure 30. PC Card/CompactFlash controller waveforms for common memory read

access

FSMC_NCE4_2(1)
FSMC_NCE4_1 \

/

P ty(NCEx-A)
FSMC_A[10:0]

—
th(NCEx-AI)-)E

td(NREG-NCEXx)
e td(NIORD-NCEXx)
FSMC_NREG

th(NCEx-NREG)
th(NCEx-NIORD)
th(NCEx-NIOWR)

FSMC_NIOWR ‘
FSMC_NIORD

FSMC_NWE _/

td(NCE4_1-NOE—‘4—T7tw(NOE)—>
FSMC_NOE -/ /
/

tsu(D-NOEY

th(NOE-D)

FSMC_D[15:0] {

) —

ai14895b

FSMC_NCE4_2 remains high (inactive during 8-bit access.
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STM32F103xF, STM32F103xG Electrical characteristics

Figure 32. PC Card/CompactFlash controller waveforms for attribute memory read

access
FSMC_NCE4 1 \ /
ty(NCE4_1-A) th(NCE4_1-AI)->—11—
FSMC_NCE4_2 Ton
FSMC_A[10:0] X
FSMC_NIOWR 7
FSMC_NIORD / \
td(NREG-NCE4_1) th(NCE4_1-NREG) P
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1. Only data bits 0...7 are read (bits 8...15 are disregarded).
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5.3.13

90/136

Table 47. Electrical sensitivities

Symbol

Parameter

Conditions

Class

LU

Static latch-up class

Tp=+105 °C conforming to JESD78A

Il level A

I/0 current injection characteristics

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

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the I/O pins programmed in floating input mode. While current is injected into

the 1/O pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of spec current injection on adjacent pins or other functional failure (for
example reset, oscillator frequency deviation).

The test results are given in Table 48

Table 48. 1/0 current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, 0 +0
OSC_0OUT32, PA4, PA5, PC13
hing Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5

DoclD16554 Rev 4
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Figure 44. 1/0 AC characteristics definition

1
EXTERNAL L) e T T — > t10)out
OUTPUT I I
ON CL - T ™

Maximum frequency is achieved if (t, + t) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.

ai14131d

5.3.15 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 49).

Unless otherwise specified, the parameters given in Table 52 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in

Table 10.
Table 52. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
V“_(NRST)“) NRST Input low level voltage - -0.5 - 0.8 v
VinrsT) " | NRST Input high level voltage - 2 - | Vpp*0.5
NRST Schmitt trigger voltage
Vhys(NRST) hysteresis - - 200 - mvV
Rpy Weak pull-up equivalent resistor(?) ViN=Vss 30 40 50 kQ
VF(NRST)“) NRST Input filtered pulse - - - 100 ns
VNF(NRST)(1) NRST Input not filtered pulse - 300 - - ns

1. Guaranteed by design, not tested in production.

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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5.3.17

Communications interfaces

I2C interface characteristics

The STM32F103xF, STM32F103xD and STM32F103xGSTM32F 103xF and STM32F103xG
performance line I°C interface meets the requirements of the standard 1°C communication
protocol with the following restrictions: the 1/O pins SDA and SCL are mapped to are not
“true” open-drain. When configured as open-drain, the PMOS connected between the 1/0O

pin and Vpp is disabled, but is still present.

The I°C characteristics are described in Table 54. Refer also to Section 5.3.14: 1/O port
characteristics for more details on the input/output alternate function characteristics (SDA

and SCL).
Table 54. I2C characteristics
Sta’:gg{f)'é‘)‘“e Fast mode 12C(1)2)
Symbol Parameter Unit
Min Max Min Max
twscLy) | SCL clock low time 4.7 - 1.3 - us
twscLH) | SCL clock high time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900(®)
t(SDA) | SDA and SCL rise time - 1000 - 300 ns
tyscu)
sDA) | SpA and SCL fall time - 300 - 300
tiscL)
thsTa) | Start condition hold time 4.0 - 0.6 -
Repeated Start condition s
lsu(sTA) setup time a7 ) 0.6 )
tsusTo) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time
tw(sTO:STA) (bus free) 4.7 - 1.3 - us
Ch Qapacmve load for each bus ) 400 ) 400 oF
line
Pulse width of the spikes
that are suppressed by the (4) @)
tsp analog filter for standard and 0 50 0 50 Hs
fast mode

1. Guaranteed by design, not tested in production.

2. fpcLkq must be at least 2 MHz to achieve standard mode I2C frequencies. It must be at least 4 MHz to
achieve the fast mode 12C frequencies and it must be a multiple of 10 MHz in order to reach the 12C fast
mode maximum clock speed of 400 kHz.

3. The device must internally provide a hold time of at least 300ns for the SDA signal in order to bridge the

undefined region on the falling edge of SCL.

4. The minimum width of the spikes filtered by the analog filter is above tsp(max).
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Figure 46. I2C bus AC waveforms and measurement circuit
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Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
Rs: Series protection resistors.

Rp: Pull-up resistors.

VDD_I2C : 12C bus supply

El o

Table 55. SCL frequency (fpc k1= 36 MHz.,Vpp ¢ = 3.3 v)()(@)

12C_CCR value
fso (ktiz) 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.

3
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Table 57. IS characteristics

Symbol Parameter Conditions Min Max Unit
DuCy(SCK) 12S slave input clock duty cycle | Slave mode 30 70 %
Master mode (data: 16 bits
. ’ 1.522 1.525
2(3{( 125 clock frequency Audio frequency = 48 kHz) Vi
o(CK Slave mode 0 6.5
IF(CK) IS clock rise and fall time Capacitive load C| = 50 pF - 8
f(CK)
tyws) U WS valid time Master mode 3 -
1282 2 -
thws) (1) WS hold time Master mode
12S3 0 -
tsuws) WS setup time Slave mode 4 -
thows) WS hold time Slave mode 0 -
t o - i 312.5 -
W(CKH) " CK high and low time ][\:': StzrnchCEK‘l;fH'\;Hz’ audio
tw(ckL) quency = 345 -
t (1) | Data input setup i Mast i 1282 2 -
D MR ata input setup time aster receiver
SU(SPMR) 1253 | 65 } ns
tsu(sb_sR) () | Data input setup time Slave receiver 1.5 -
thsp MR)(1)(2) Master receiver 0 -
= Data input hold time
th(sb_sR) (1)(2) Slave receiver 0.5 -
tysp_sT) (1)@ | Data output valid time Slave transmitter (after enable ) 18
— edge)
™ . Slave transmitter (after enable )
th(SD_ST) Data output hold time edge) 11
) _— Master transmitter (after enable )
tysp_mm) Data output valid time edge) 3
1 . Master transmitter (after enable
th(SD_MT)( ) Data output hold time edge) 0 -
1. Guaranteed by design and/or characterization results, not tested in production.
2. Depends on fpc k. For example, if fpc k=8 MHz, then Tpc k = 1/fpLcLk =125 ns.
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Device marking for LQFP100 package

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

Figure 67. LQFP100 marking example (package top view)

Product identification’"

NT—STM32F 103
\ VGTh R *+——1—1— Revision code
Date code
Y Ww

| &§7O
indentifer \\»‘

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.

MSv37800V1
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Revision history
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Table 74. Document revision history

Date

Revision

Changes

15-May-2015

Added document status on first page.

Replace DAC1_OUT/DAC2_OUT by DAC_OUT1/DAC_OUT2, and
updated TIM5 in Figure 1: STM32F103xF and STM32F103xG
performance line block diagram on page 12.

Replaced USBDP/USBDM by USB_DP/USB_DM in the whole
document.

Updated notes related to electrical values guaranteed by
characterization results.

Updated Table 20: Peripheral current consumption.

Updated Table 36: Synchronous multiplexed NOR/PSRAM read
timings to Table 39: Synchronous non-multiplexed PSRAM write
timings(added FSMC_NWAIT timings). Updated Figure 26:
Synchronous multiplexed NOR/PSRAM read timings on page 73 and
Figure 28: Synchronous non-multiplexed NOR/PSRAM read timings on
page 77 and Figure 35: PC Card/CompactFlash controller waveforms
for I/O space write access on page 83.

Updated CDM class in Table 46: ESD absolute maximum ratings.
Updated Figure 44: I/O AC characteristics definition on page 96 and
Figure 45: Recommended NRST pin protection on page 97.

Updated Figure 49: SPI timing diagram - master mode(") on page 96.
Modified note 3 in Table 56: SPI characteristics.

Section : I12C interface characteristics: Updated introduction, updated
Table 54: I2C characteristics and Figure 46: I2C bus AC waveforms and
measurement circuit on page 99.

Modified note 2 in Table 64: ADC accuracy - limited test conditions,
Figure 55: ADC accuracy characteristics on page 110 and Figure 56:
Typical connection diagram using the ADC on page 111. Updated
Figure 57: Power supply and reference decoupling (Vrgg+ not
connected to Vppy) on page 111 and Figure 58: Power supply and
reference decoupling (Vggg. connected to Vppa) on page 112.
Updated Ippp description and Offset comment in Table 66: DAC
characteristics.

Updated Section 6.1: LFBGA144 package information and added
Section : Device marking for LFBGA144 package.

Updated Section 6.2: LQFP144 package information and added
Section : Device marking for LQFP144 package.

Updated Section 6.3: LQFP100 package information and added
Section : Device marking for LQFP100 package.

Updated Section 6.4: LQFP64 package information and added
Section : Device marking for LQFP64 package.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

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

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

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

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

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

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

© 2015 STMicroelectronics — All rights reserved
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