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Note:

16/135

Table 4. STM32F301x6/8 peripheral interconnect matrix

Interconnect source Interc_:onr_lect Interconnect action
destination
TIMx Timers synchronization or chaining
ADCT Conversion triggers
TIMx DAC1
DMA Memory to memory transfer trigger
Compx Comparator output blanking
COMPx TIMx Timer input: OCREF_CLR input, input capture
ADC1 TIM1 Timer triggered by analog watchdog
GPIO
RTCCLK TIM16 Clock source used as input channel for HSI and
HSE/32 LS| calibration
MCO
CSs
ggllij/ll(phxard o TIM1 Timer break
PVD TIM15, 16, 17
GPIO
TIMx External trigger, timer break
GPIO ADC1
DACH Conversion external trigger
DAC1 COMPx Comparator inverting input

For more details about the interconnect actions, please refer to the corresponding sections
in the STM32F301x6/8 and STM32F318x8 reference manual RM0366.
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3.17

26/135

Inter-integrated circuit interfaces (I2C)

The devices feature three 12C bus interfaces which can operate in multimaster and slave
mode. Each 12C interface can support standard (up to 100 kHz), fast (up to 400 kHz) and
fast mode + (up to 1 MHz) modes.

All 12C interfaces support 7-bit and 10-bit addressing modes, multiple 7-bit slave addresses
(2 addresses, 1 with configurable mask). They also include programmable analog and
digital noise filters.

Table 6. Comparison of 12C analog and digital filters

Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. >50ns .
suppressed spikes 12C peripheral clocks

1. Extra filtering capability vs.
Benefits Available in Stop mode standard requirements.
2. Stable length

Wakeup from Stop on address
match is not available when digital
filter is enabled.

Variations depending on

Drawbacks
temperature, voltage, process

In addition, it provides hardware support for SMBUS 2.0 and PMBUS 1.1: ARP capability,
Host notify protocol, hardware CRC (PEC) generation/verification, timeouts verifications and
ALERT protocol management. It also has a clock domain independent from the CPU clock,
allowing the 12Cx (x=1,3) to wake up the MCU from Stop mode on address match.

The 12C interfaces can be served by the DMA controller.
Refer to Table 7 for the features available in 12C1, 12C2 and 12C3.

Table 7. STM32F301x6/8 12C implementation

12C features(! 12C1 12C2 12C3
7-bit addressing mode X X X
10-bit addressing mode X X X
Standard mode (up to 100 kbit/s) X X X
Fast mode (up to 400 kbit/s) X X X
Fast Mode Plus with 20mA output drive I/Os (up to 1 Mbit/s) X X X
Independent clock X X X
SMBus X X X
Wakeup from STOP X X X

1. X = supported.

3
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3.18

3.19

3

Universal synchronous/asynchronous receiver transmitter
(USART)

The STM32F301x6/8 devices have three embedded universal synchronous receiver
transmitters (USART1, USART2 and USART3).

The USART interfaces are able to communicate at speeds of up to 9 Mbit/s.

All USARTSs support hardware management of the CTS and RTS signals, multiprocessor
communication mode, single-wire half-duplex communication mode and synchronous
mode.

USART1 supports SmartCard mode, IrDA SIR ENDEC, LIN Master capability and
autobaudrate detection.

All USART interfaces can be served by the DMA controller.

Refer to Table 8 for the features available in all USARTSs interfaces.

Table 8. USART features

USART modes/features() USART1 | USART2 | USART3
Hardware flow control for modem X X X
Continuous communication using DMA X X
Multiprocessor communication X X X
Synchronous mode X X X
SmartCard mode X - -
Single-wire half-duplex communication X X X
IrDA SIR ENDEC block X - -
LIN mode X - -
Dual clock domain and wakeup from Stop mode X - -
Receiver timeout interrupt X - -
Modbus communication X - -
Auto baud rate detection X - -
Driver Enable X X X

1. X =supported.

Serial peripheral interfaces (SPl)/Inter-integrated sound
interfaces (12S)

Two SPI interfaces (SPI2 and SPI3) allow communication up to 18 Mbit/s in slave and
master modes in full-duplex and simplex modes. The 3-bit prescaler gives 8 master mode
frequencies and the frame size is configurable from 4 bits to 16 bits.

Two standard 12S 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
192 kHz are supported. When either or both of the I12S interfaces is/are configured in master
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3.22 Development support

3.22.1 Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP Interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

The JTAG TMS and TCK pins are shared respectively with SWDIO and SWCLK and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.
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4 Pinouts and pin description

Figure 4. STM32F301x6/8 UFQFN32 pinout
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1. The above figure shows the package top view.

Figure 5. STM32F301x6/8 LQFP48 pinout
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1. The above figure shows the package top view.
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Table 17. Alternate functions for Port D

gelLi8y

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Port &
USART1/
pin TIM2/TIM15/ SPI12/12S2/ SPI2/12S2/SPI3/
name |SYS_AF TIM16/TIM17/ 12C3/TIM1/TIM2/ 12C3/TIM15/TSC 12C1/12C2/TIM1/ SPI13/12S3/ 12S3/TIM1/ USART2/
EVENT TIM15 TIM16/TIM17 Infrared Infrared USART3/
GPCOMP6
PD2 - EVENTOUT - - - - - -
Table 18. Alternate functions for Port F
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Port &
pin TIM2/TIM15/ SPI12/12S2/ SPI2/12S2/SPI13/ | USART1/USAR
name |SYS_AF TIMAG/TIMA7/ !I?I:\:n:ilg IM/TIM2] | 1> c3mimis/TsC 'T"’Im’gﬁiﬁ '7"”’ SPI3/12S3/ 12S3/TIM1/ T2/USART3/
o EVENT Infrared Infrared GPCOMP6
o]
(o]
(@] SPI2_NSS/
§ PFO - - - - 12C2_SDA 1282 WS TIM1_CH3N -
X SPI2_SCK/
e2} - - - - — - -
2 PF1 I2C2_SCL 1252 K
2
(o))

uonduosap uid pue sjnouid

8XL0€4ZEINLS 9XL0EJZENLS
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6.3

6.3.1

3

Operating conditions

General operating conditions

Table 23. General operating conditions

Symbol Parameter Conditions Min Max Unit
fHoLk Internal AHB clock frequency - 0 72
fecLKA Internal APB1 clock frequency - 0 36 MHz
feeLke Internal APB2 clock frequency - 0 72
Vpp Standard operating voltage - 2 3.6 \%
Analog operating voltage _ 2 36
(OPAMP and DAC not used) | Must have a potential :
Vbpa equal to or higher than \Y
Analog operating voltage Voo 24 36
(OPAMP and DAC used) ’ '
VeaT Backup operating voltage - 1.65 3.6 \%
TC1/O -0.3 | Vppt0.3
TT 110 -0.3 36
VN I/0 input voltage TTa I/O pins -0.3 |Vppat0.3| V
FT and FTf 110" 0.3 55
BOOTO 0 5.5
LQFP64 - 444
Power dissipation at LQFP48 - 364
Po Tp = 85 °C for suffix 6 or mwW
Ta = 105 °C for suffix 7(2) WLCSP49 - 408
UFQFPN32 - 540
Maximum power
Ambient temperature for 6 dissipation —40 85 °C
suffix version
T Low power dissipation(3) —40 105
A
Maximum power
Ambient temperature for 7 dissipation —40 105 °C
suffix version
Low power dissipation(3) —40 125
6 suffix version —40 105
TJ Junction temperature range °C
7 suffix version —40 125

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

2. If Ty is lower, higher Py values are allowed as long as T does not exceed T 2. See Table 80: Package
thermal characteristics.

3. Inlow power dissipation state, T can be extended to this range as long as T does not exceed T jax- See
Table 80: Package thermal characteristics
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6.3.2 Operating conditions at power-up / power-down

The parameters given in Table 24 are derived from tests performed under the ambient
temperature condition summarized in Table 23.

Table 24. Operating conditions at power-up / power-down

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 oo
tvbp -
Vpp fall time rate 20 oo
ps/V
Vppa rise time rate 0 oo
tvppa : -
Vppa fall time rate 20 oo
6.3.3 Embedded reset and power control block characteristics

The parameters given in Table 25 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 23.

Table 25. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Power on/power down | Falling edge 182 | 188196 | V
Veorseor'" reset threshold
Rising edge 184 | 192 | 2.0 \
Vppryst!) | PDR hysteresis - - 40 | - | mv
@3) | POR reset )
(RSTTEMPO temporization 15125 45| ms

1. The PDR detector monitors Vpp and also Vppa (if kept enabled in the option bytes). The POR detector
monitors only Vpp.

2. The product behavior is guaranteed by design down to the minimum Vpgor/ppr value.

3. Based on characterization, not tested in production.

3
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6.3.4 Embedded reference voltage

The parameters given in Table 27 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 23.

Table 27. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max | Unit

VREFINT Internal reference voltage | —40°C <Tp<+105°C | 1.20 | 1.23 | 1.25 \

ADC sampling time when
Ts_vrefint reading the internal - 2.2 - - ps
reference voltage

Internal reference voltage
VRerINT | Spread over the Vpp =3V +10 mV . = 4o | mv
temperature range

100 °

Teoeff Temperature coefficient - - - ) ppg1 /

1. Guaranteed by design.
Table 28. Internal reference voltage calibration values
Calibration value name Description Memory address
Raw data acquired at
VREFINT CAL temperature of 30 °C Ox1FFF F7BA - Ox1FFF F7BB
- VDDA= 3.3V
6.3.5 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 12: 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 CoreMark code.

Note: The total current consumption is the sum of Ipp and Ippp.

3
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Table 36. Switching output I/O current consumption

e (1) 1/0 toggling .
Symbol Parameter Conditions frequency (fsy) Typ Unit
2 MHz 0.90
4 MHz 0.93
Vpp =3.3V 8 MHz 1.16
Cext = 0 pF
C =Ct *+ Cext* Cs 18 MHz 1.60
36 MHz 2.51
48 MHz 2.97
2 MHz 0.93
4 MHz 1.06
Vpp =3.3V 8 MHz 1.47
Cext = 10 pF
C = Cin7 + CexT +Cs 18 MHz 2.26
36 MHz 3.39
48 MHz 5.99
/0 current 2 MHz 1.03
lsw consumption 4 MH 130 mA
Vpp = 3.3V z ;
Coxt = 22 pF 8 MHz 1.79
C=Cir* Cexr +Cs 18 MHz 3.01
36 MHz 5.99
2 MHz 1.10
Vpp = 3.3V 4 MHz 1.31
Ceyt = 33 pF 8 MHz 2.06
C=Cir * Cexr* Cs 18 MHz 3.47
36 MHz 8.35
2 MHz 1.20
Vpp =3.3V 4 MHz 1.54
Cext =47 pF
C=Cpr + Cexr+ Cs 8 MHz 2.46
18 MHz 4.51
1. CS =5 pF (estimated value).
‘Yl DoclD025146 Rev 6 69/135
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6.3.7

3

External clock source characteristics

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard GPIO. The
external clock signal has to respect the I/O characteristics in Section 6.3.14. However, the
recommended clock input waveform is shown in Figure 14.

Table 40. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ | Max | Unit
User external clock source

fHSE_ext frequency(!) 1 8 32 | MHz
Viusen | OSC_IN input pin high level voltage 0.7Vpp - Vop v
Vuser | OSC_IN input pin low level voltage ) Vss - 10.3Vpp
fw(HSEH) OSC_IN high or low time(") 15 - -

tw(HSEL) s
trHsE) OSC_IN rise or fall time(") - - 20

tiHsE)

1. Guaranteed by design.

Figure 14. High-speed external clock source AC timing diagram

tw(HSEH)
—!

VHSEH

VHSEL

MS19214V2
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3

High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 32 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on design
simulation results obtained with typical external components specified in Table 42. 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 42. HSE oscillator characteristics

Symbol Parameter Conditions(") Min(2) Typ Max(@ | Unit
fosc_in | Oscillator frequency - 4 8 32 MHz
Re Feedback resistor - - 200 - kQ
During startup(®) - - 8.5
VDD=3.3 V, Rm= 30Q _ 0.4 _
CL=10 pF@8 MHz '
Vpp=3.3 V, Rm= 45Q i 05 i
CL=10 pF@8 MHz |
Ipp HSE current consumption Vpp=3.3 V, Rm= 309, mA
CL=5 pF@32 MHz ) 0.8 )
VDD=3.3 V, Rm= 30Q _ 1 _
CL=10 pF@32 MHz
Vpp=3.3 V, Rm= 30Q i 15 i
CL=20 pF@32 MHz |
Im Oscillator transconductance Startup 10 - - mA/NV
tSU(HSE)(4) Startup time Vpp is stabilized - 2 - ms

1

2.
3.
4

Resonator characteristics given by the crystal/ceramic resonator manufacturer.

Guaranteed by design.

This consumption level occurs during the first 2/3 of the tgy(nsg) startup time.

tsu(Hsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz
oscillation is reached. This value is measured for a standard crystal resonator and it can vary significantly
with the crystal manufacturer.
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6.3.14 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 54 are derived from tests
performed under the conditions summarized in Table 23. All I/Os are CMOS and TTL
compliant.
Table 54. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
TTaand TT 1/O - - 0.3 Vpp+0.07™M
FT and FTf /O - - 10.475Vpp-0.2(1
v Low level input BOOTO I/0 - - [ 03Vpp-03M v
IL
voltage All 1/0s except BOOTO - - 0.3 Vpp @
TTaand TT 1/O 0.445 Vpp+0.398 (| - -
FT and FTf1/O 0.5 Vpp+0.2 (1 - -
v High level input BOOTO 0.2 Vpp+0.95 (M - - v
IH I
voltage All 1/0s except BOOTO 0.7 Vpp @ - -
TC and TTa I/O - 200 (M -
Viys | SChmitt trigger FT and FTf /O - 100 (M - mv
hysteresis
BOOTO - 300 (1) -
TC, FT and FTf I/O
TTa I/O in digital mode - - +0.1
Vss <Vin<Vbp
TTa I/O in digital mode 1
Input Ie?algage Vo <ViN Vppa
current
| TTal/Oi I d A
lkg a 1/0 in analog mode ) ) £0.2 M
Vss <Vin<Vppa
FT and FTf I/O) 10
VDD SV|N <5V
Weak pull-up B
Rpu equivalent resistor(®) Vin=Vss 25 40 55 kQ
Weak pull-down :
Rep equivalent resistor(®) Vin=Vop 25 40 55 kQ
Cio |I/O pin capacitance - - 5 - pF
1. Data based on design simulation
2. Tested in production.
3. Leakage could be higher than the maximum value. if negative current is injected on adjacent pins. Refer to Table 53: I/O
current injection susceptibility.
4. To sustain a voltage higher than Vpp +0.3 V, the internal pull-up/pull-down resistors must be disabled.
5. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This

PMOS/NMOS contribution to the series resistance is minimum (~10% order).

S74
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Figure 27. SPI timing diagram - master mode!(")
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1. Measurement points are done at 0.5Vpp and with external C| = 30 pF.
Table 63. 12S characteristics(")
Symbol | Parameter Conditions Min Max Unit
fack 12S Main clock output - 256 x 8K | 256xFs (?) | MHz
Master data: 32 bits - 64xFs
fok 128 clock frequency Slave d 25 SaxE MHz
ave data: its - xFs
Dck LZin:IOCk frequency duty Slave receiver 30 70 %

3
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Table 64. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
) Internal sample and hold ) ) _
Capc capacitor 5 PF
f =72 MHz 1.56 V&
tCAL“) Calibration time ADC
- 112 1fapc
. . CKMODE =00 1.5 2 25 1fapc
Trigger conversion latency
e (0 Regular and injected CKMODE = 01 - - 2 1fapc
latr cgannels without conversion CKMODE = 10 - - 2.25 1/fapc
abort
CKMODE = 11 - - 2.125 1fapc
CKMODE =00 25 3 3.5 1fapc
(1 Tr.igger conversion Iaterjcy CKMODE = 01 - - 3 1fapc
tatrinj Injected channels aborting a
regular conversion CKMODE =10 ) } 3.25 1fapc
CKMODE = 11 - - 3.125 1fapc
fapc = 72 MHz 0.021 - 8.35 us
tg(!) Sampling time ADC
- 1.5 - 601.5 1fapc
(1) | ADC Voltage Regulator ) ) ) 10 s
TADCVREG_STUP" " | Start-up time M
(1) _up ti _ conversion
tsTAB Power-up time 1 cycle
o fapc = 72 MHz. 0.19 - 8.52 us
o (1) Total conversion time Resolution = 12 bits
CONV (including sampling time) Resolution = 12 bits 14 to 614 (tg for sampling + 12.5 for 1
successive approximation) ADC
Vssa +V /2 Vgsa +V /2
CMIR(") Common mode input signal ADC differential mode ( SSA_ 0 1§EF+) (Vgsa + VRer+)/2 ( SSA+ 0 1'-‘;3EF+) Y

1. Data guaranteed by design.

soljsuvloeIRYD [BI14393]T
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Temperature sensor characteristics

Table 72. TS characteristics

Symbol Parameter Min Typ Max Unit
.M Vsense linearity with temperature - + 2 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
Vog Voltage at 25 °C 1.34 1.43 1.52 \
tstart' ") | Startup time 4 - 10 us
TS_temp“)(z) f;l?n(;s;r&r;gng time when reading the 29 ) ) us

1. Guaranteed by design.

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

Table 73. Temperature sensor calibration values

Calibration value name

Description

Memory address

TS ADC raw data acquired at

TS_CAL1 temperature of 30 °C, Ox1FFF F7B8 - Ox1FFF F7B9
VDDA= 3.3V
TS ADC raw data acquired at

TS_CAL2 temperature of 110 °C Ox1FFF F7C2 - OX1FFF F7C3

VDDA= 3.3V

Vgar monitoring characteristics

Table 74. Vgar monitoring characteristics

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 2 -
Er() Error on Q -1 - +1 %
ADC sampling time when reading the Vgat
T (M@ 29 - -
S_vbat 1mV accuracy WS

1. Guaranteed by design.

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

DoclD025146 Rev 6
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Package information

3

Table 75. WLCSP49 - 49-pin, 3.417 x 3.151 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.0230
A1 - 0.175 - - 0.0069 -
A2 - 0.380 - - 0.0150 -

A3®) - 0.025 - - 0.0010 -
b®) 0.220 0.250 0.280 0.0087 0.0098 0.0110

D 3.382 3.417 3.452 0.1331 0.1345 0.1359

E 3.116 3.151 3.186 0.1227 0.1241 0.1254

e - 0.400 - - 0.0157 -
el - 2.400 - - 0.0945 -
e2 - 2.400 - - 0.0945 -

F - 0.5085 - - 0.0200 -

G - 0.3755 - - 0.0148 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

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

2. Back side coating

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 37. WLCSP49 - 49-pin, 3.417 x 3.151 mm, 0.4 mm pitch wafer level chip scale

package recommended footprint

Dpad

Dsm

MS18965V2
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Device marking

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

Figure 41. LQFP64 marking example (package top view)

| Revision code

1
Product identification( )

*» STM32F 301
RATE

| Date code

Pin 1 identification

~@ O

MS36425V1

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

DoclD025146 Rev 6 121/135




