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Description
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Figure 2. Compatible board design for LQFP64 package
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3.8

3.9

3.10
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DMA controller (DMA)

The devices feature two general-purpose dual-port DMAs (DMA1 and DMA2) with 8
streams each. They are able to manage memory-to-memory, peripheral-to-memory and
memory-to-peripheral transfers. They feature dedicated FIFOs for APB/AHB peripherals,
support burst transfer and are designed to provide the maximum peripheral bandwidth
(AHB/APB).

The two DMA controllers support circular buffer management, so that no specific code is
needed when the controller reaches the end of the buffer. The two DMA controllers also
have a double buffering feature, which automates the use and switching of two memory
buffers without requiring any special code.

Each stream is connected to dedicated hardware DMA requests, with support for software
trigger on each stream. Configuration is made by software and transfer sizes between
source and destination are independent.

The DMA can be used with the main peripherals:

e SPland %S
. 12C
e USART

e  General-purpose, basic and advanced-control timers TIMx
e SD/SDIO/MMC host interface
e ADC

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 62 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M4 with FPU.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimum interrupt
latency.

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 21 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 81 GPIOs can be connected
to the 16 external interrupt lines.
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3.1

3.12

3.13

3

Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The

16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy at 25 °C. The
application can then select as system clock either the RC oscillator or an external 4-26 MHz
clock source. This clock can be monitored for failure. If a failure is detected, the system
automatically switches back to the internal RC oscillator and a software interrupt is
generated (if enabled). This clock source is input to a PLL thus allowing to increase the
frequency up to 84 MHz. Similarly, full interrupt management of the PLL clock entry is
available when necessary (for example if an indirectly used external oscillator fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB
buses is 84 MHz while the maximum frequency of the high-speed APB domains is 84 MHz.
The maximum allowed frequency of the low-speed APB domain is 42 MHz.

The devices embed a dedicated PLL (PLLI2S) which allows to achieve audio class
performance. In this case, the 12S master clock can generate all standard sampling
frequencies from 8 kHz to 192 kHz.

Boot modes

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

e  Boot from user Flash

e  Boot from system memory

e  Boot from embedded SRAM

The bootloader is located in system memory. It is used to reprogram the Flash memory by
using either USART1(PA9/10), USART2(PD5/6), USB OTG FS in device mode (PA11/12)

through DFU (device firmware upgrade), 12C1(PB6/7), 12C2(PB10/3), 12C3(PA8/PB4),
SPI11(PA4/5/6/7), SPI12(PB12/13/14/15) or SPI3(PA15, PC10/11/12).

For more detailed information on the bootloader, refer to Application Note: AN2606,
STM32™ microcontroller system memory boot mode.

Power supply schemes

e Vpp=1.71t0 3.6 V: external power supply for I/Os with the internal supervisor
(POR/PDR) disabled, provided externally through Vpp pins. Requires the use of an
external power supply supervisor connected to the VDD and PDR_ON pins.

e Vpp=1.81t0 3.6 V: external power supply for I/Os and the internal regulator (when
enabled), provided externally through Vpp pins.

e Vgsa, Vppa = 1.7 to 3.6 V: external analog power supplies for ADC, Reset blocks, RCs
and PLL. Vppa and Vggp must be connected to Vpp and Vgg, respectively, with
decoupling technique.

e Vpat = 1.65to0 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers (through power switch) when Vpp is not present.

Refer to Figure 18: Power supply scheme for more details.
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Figure 8. Startup in regulator OFF: slow Vpp slope -
power-down reset risen after Voap 1/Vcap 2 stabilization
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This figure is valid whatever the internal reset mode (ON or OFF).

Figure 9. Startup in regulator OFF mode: fast Vpp slope -
power-down reset risen before Vcap 1/Vcap 2 stabilization
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This figure is valid whatever the internal reset mode (ON or OFF).
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3.17

3.18

Note:
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The RTC and backup registers are supplied through a switch that is powered either from the
Vpp supply when present or from the Vgar pin.

Low-power modes

The devices support three low-power modes to achieve the best compromise between low
power consumption, short startup time and available wakeup sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of
SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator can also be put
either in normal or in low-power mode.

The devices can be woken up from the Stop mode by any of the EXTI line (the EXTI
line source can be one of the 16 external lines, the PVD output, the RTC alarm/
wakeup/ tamper/ time stamp events).

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.2 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, the SRAM and register contents are lost except for registers in the
backup domain when selected.

The devices exit the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm/ wakeup/ tamper/time stamp event
occurs.

Standby mode is not supported when the embedded voltage regulator is bypassed and
the 1.2 V domain is controlled by an external power.

VpaTt Operation

The VBAT pin allows to power the device Vg1 domain from an external battery, an external
super-capacitor, or from Vpp when no external battery and an external super-capacitor are
present.

Vgat operation is activated when Vpp is not present.
The VBAT pin supplies the RTC and the backup registers.

When the microcontroller is supplied from VBAT, external interrupts and RTC alarm/events
do not exit it from Vgt operation. When PDR_ON pin is not connected to Vpp (internal
Reset OFF), the Vgt functionality is no more available and VBAT pin should be connected
to VDD'

3
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Table 6. USART feature comparison

USART
name

Standard
features

Modem
(RTSICTS)

LIN

SPI
master

irDA

Smartcard
(ISO 7816)

Max. baud
rate in Mbit/s
(oversampling
by 16)

Max. baud
rate in Mbit/s
(oversampling
by 8)

APB
mapping

USART1

5.25

10.5

APB2
(max.

84 MHz)

USART2

APB1
(max.
42 MHz)

2.62 5.25

USARTG6

APB2
(max.
84 MHz)

5.25 10.5

3.22

3.23

3.24

29/135

Serial peripheral interface (SPI)

The devices feature up to four SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1 and SPI4 can communicate at up to 42 Mbit/s, SPI2 and SPI3
can communicate at up to 21 Mbit/s. 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.

The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.

Inter-integrated sound (IZS)

Two standard I1%S interfaces (multiplexed with SPI2 and SPI3) are available. They can be
operated in master or slave mode, in full duplex and simplex communication modes and
can be configured to operate with a 16-/32-bit resolution as an input or output channel.
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 mode, the master clock can be output to the
external DAC/CODEC at 256 times the sampling frequency.

All 12Sx can be served by the DMA controller.

Audio PLL (PLLI2S)

The devices feature an additional dedicated PLL for audio 12S application. It allows to
achieve error-free 1°S sampling clock accuracy without compromising on the CPU
performance.

The PLLI2S configuration can be modified to manage an 1°s sample rate change without
disabling the main PLL (PLL) used for the CPU.

The audio PLL can be programmed with very low error to obtain sampling rates ranging
from 8 kHz to 192 kHz.

In addition to the audio PLL, a master clock input pin can be used to synchronize the 12S
flow with an external PLL (or Codec output).

S74
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Memory mapping

STM32F401xB STM32F401xC

Table 10. STM32F401xB/STM32F401xC
register boundary addresses

Bus Boundary address Peripheral
0xE010 0000 - OxFFFF FFFF Reserved
Cortex®-M4 0xEO000 0000 - OXEOOF FFFF Cortex-M4 internal peripherals
0x5004 0000 - 0XDFFF FFFF Reserved
AHB2 0x5000 0000 - 0x5003 FFFF USB OTG FS
0x4002 6800 - Ox4FFF FFFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 5000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF Flash interface register
0x4002 3800 - 0x4002 3BFF RCC
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
AHB1
0x4002 2000 - 0x4002 2FFF Reserved
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1400 - 0x4002 1BFF Reserved
0x4002 1000 - 0x4002 13FF GPIOE
0x4002 0C00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA

51/135
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Table 41. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VCO freq = 192 MHz 0.15 0.40
[ “) PLL ti VDD -
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 0.75 .
m
| @) PLL power consumption on VCO freq = 192 MHz 0.30 i 0.40
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

2. Guaranteed by design.

The use of 2 PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization.

Table 42. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLi2s IN PLLI2S input clock(") 0.95() 1 2.10
fPLL|2S_OUT PLLI2S multlpller OUtpUt clock - - 216 MHz
fvco_out PLLI2S VCO output 192 - 432

VCO freq = 192 MHz 75 - 200
tLock PLLI2S lock time Ms
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MH; on peak
;1:18 ;{(35122 Igerél_)od, to - 4280 -
Taos, R= eak
Master 12S clock jitter P
L (3) Average frequency of
Jitter 12.288 MHz os
N=432,R=5 i 9% i
on 1000 samples
le t le at 48 KH
WS 128 clock jtter Cycle to cycle a z ; 400 ]
on 1000 samples
) | PLLI2S power consumption on VCO freq = 192 MHz 0.15 0.40
Ipp(PLLI2S) Vv _ -
DD VCO freq = 432 MHz 0.45 0.75 A
m
| 4) | PLLI2S power consumption on | VCO freq = 192 MHz 0.30 i 0.40
DDAPLLIZS) | Vppa VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.

3. Value given with main PLL running.

4

Guaranteed by characterization.

3
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Electrical characteristics

6.3.11 PLL spread spectrum clock generation (SSCG) characteristics
The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 49: EMI characteristics for WLCSP49). It is available only on the
main PLL.
Table 43. SSCG parameters constraint

Symbol Parameter Min Typ Max(" Unit
fMod Modulation frequency - - 10 KHz

md Peak modulation depth 0.25 - 2 %

MODEPER * INCSTEP - - 2151 -

1.

3

Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | v/ (4% fyeq)]

feLL N @and fyog Must be expressed in Hz.
As an example:

If foL (v =1 MHz, and fyyop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"° = 1)x mdx PLLN)/ (100 x 5x MODEPER)]
fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2"°=1)x 2x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

Mdgyantizea% = (MODEPER x INCSTEP x 100x 5)/ ((2'°~1)x PLLN)

As a result:

Mdquantized% = (250 % 126x 100x 5)/ ((2'°~1)x 240) = 2.002%(peak)
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Figure 28 and Figure 29 show the main PLL output clock waveforms in center spread and
down spread modes, where:

FO is fp oyt nominal.

Trmode is the modulation period.

md is the modulation depth.

Figure 28. PLL output clock waveforms in center spread mode
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ai17291

Figure 29. PLL output clock waveforms in down spread mode

A

FO

Frequency (PLL_OUT)

tmode 2xtmode Time

ai17292b

6.3.12 Memory characteristics
Flash memory
The characteristics are given at Ty = —40 to 105 °C unless otherwise specified.
The devices are shipped to customers with the Flash memory erased.
Table 44. Flash memory characteristics
Symbol Parameter Conditions Min Typ Max Unit
Write / Erase 8-bit mode, Vpp = 1.7 V - 5 -
Iop Supply current Write / Erase 16-bit mode, Vpp =2.1V - 8 - mA
Write / Erase 32-bit mode, Vpp =3.3V - 12 -

83/135
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Table 48. EMS characteristics for LQFP100 package

Level/

Symbol Parameter Conditions
Class

Voltage limits to be applied on any I/O pin Vpp =33V, LQFP100, WLCSP43,

VFESD . . . TA =+25 °C, fHCLK =84 MHZ, 2B
to induce a functional disturbance conforms to IEC 61000-4-2
Fast transient voltage burst limits to be Vpp = 3.3V, LQFP100, WLCSP49,

Veerg | applied through 100 pF on Vpp and Vgg | Ta = +25 °C, oLk = 84 MHz, 4A

pins to induce a functional disturbance conforms to IEC 61000-4-4

When the application is exposed to a noisy environment, it is recommended to avoid pin
exposition to disturbances. The pins showing a middle range robustness are: PAO, PA1,
PA2, on LQFP100 packages and PDR_ON on WLCSP49.

As a consequence, it is recommended to add a serial resistor (1 kQ maximum) located as
close as possible to the MCU to the pins exposed to noise (connected to tracks longer than
50 mm on PCB).

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e  Unexpected reset

e  Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of
specification values. When unexpected behavior is detected, the software can be hardened
to prevent unrecoverable errors occurring (see application note AN1015).

3
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Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application,
executing EEMBC code, is running. This emission test is compliant with SAE IEC61967-2
standard which specifies the test board and the pin loading.

Table 49. EMI characteristics for WLCSP49

Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul Unit
frequency band
25/84 MHz
0.1 to 30 MHz -6
= =95 © 0 30 to 130 MHz -6 dBpVv
Sem Peak level Vpp = 3.3V, Tp =25 °C, conforming to
IEC61967-2 130 MHz to 1 GHz -10
SAE EMI Level 1.5 -
Table 50. EMI characteristics for LQFP100
Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul Unit
frequency band
25/84 MHz
0.1 to 30 MHz 18
= = 95 © ; 30 to 130 MHz 23 dBpVv
Sem Peak level YEDD 13.3 \; Ta =25 °C, conforming to
C61967- 130 MHz to 1 GHz 12
SAE EMI Level 35 -
6.3.14 Absolute maximum ratings (electrical sensitivity)

87/135

Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

3
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Electrical characteristics STM32F401xB STM32F401xC

Table 53. 1/0 current injection susceptibility“)

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOTO pin -0 NA
Injected current on NRST pin -0 NA
Injected current on PB3, PB4, PB5, PB6,
PB7, PB8, PB9, PC13, PC14, PC15, PH1,
liNy PDR_ON, PCO, PC1,PC2, PC3, PD1, -0 NA mA
PD5, PD6, PD7, PEO, PE2, PE3, PE4,
PE5, PE6
Injected current on any other FT pin -5 NA
Injected current on any other pins -5 +5
1. NA = not applicable.
Note: It is recommended to add a Schottky diode (pin to ground) to analog pins which may

potentially inject negative currents.

6.3.16 I/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 14. All I/Os are CMOS and TTL

compliant.
Table 54. 1/0O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
i 0.35Vpp—0.04(")
lFT, ellnleRST I/O input low 1.7 VeVpp<3.6 V ) ) DD
evel voltage 0.3Vpp®
V|L 1.75 VSVDD 3.6V, ) ) V
i -40 °C<T, <105 °C
BO|tOT0 1/O input low level A 0.1Vpp*0.1
voltage 1.7V<Vpp <36V,

0 °C<Tp <105 °C

FT and NRST /O input high

level voltage® 1.7 V&Vpp<3.6 V 0.7Vpp'" - -

1.75 V=Vpp <3.6 V,

v v
" |BOOTO 1/0 input high level 40 °C<Tas105°C | o 0o
. DD . = -
voltage 1.7 VVpp<3.6 V,
0 °C<TA <105 °C
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Electrical characteristics

Figure 31. /0 AC characteristics definition

90% 10%

| 1
EXTERNAL tiojout  +E—— —>topout |
OUTPUT \ 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
6.3.17 NRST pin characteristics
The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 54).
Unless otherwise specified, the parameters given in Table 57 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 14. Refer to Table 54: I/O static characteristics for the values of VIH and VIL for
NRST pin.
Table 57. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Weak pull-up equivalent 3
Reu resistor!) Vin=Vss 30 40 50 kQ
VenrsT'® |NRST Input filtered pulse - - 100 ns
VnEnrsT)? | NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
. Internal Reset
TnrsT out | Generated reset pulse duration source 20 - - us

1. 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).

2. Guaranteed by design.

3
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Package information

7

71

3

Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

WLCSP49 2.965x2.965 mm package information

Figure 46. WLCSP49 - 0.4 mm pitch wafer level chip scale package outline
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1. Drawing is not to scale.
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STM32F401xB STM32F401xC Package information

Table 80. WLCSP49 recommended PCB design rules (0.4 mm pitch)

Dimension Recommended values

Pitch 0.4 mm

260 pm max. (circular)

Dpad
pa 220 ym recommended
Dsm 300 pm min. (for 260 um diameter pad)
PCB pad design Non-solder mask defined via underbump allowed

WLCSP49 device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Other optional marking or inset/upset marks, which depend on supply chain operations, are
not indicated below.

Figure 48. WLCSP49 marking example (package top view)

BallA1
indentifier T~

O

*F4U0LBYhEL

Product identification”

Revision code

Date code

Y iWw

MSv37851V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample natification 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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Part numbering
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3

Part numbering

Table 87. Ordering information scheme

Example: STM32 F 401 C C T 6 xxx

Device family

STM32 = ARM-based 32-bit microcontroller

Product type

F = General-purpose

Device subfamily

401: 401 family

Pin count

C =48/49 pins
R = 64 pins
V =100 pins

Flash memory size

B = 128 Kbytes of Flash memory
C = 256 Kbytes of Flash memory

Package

H=UFBGA
T=LQFP

U = UFQFPN
Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C
7 = Industrial temperature range, —40 to 105 °C

Packing

TR = tape and reel
TT = tape and reel for WLCSP as per PCN9547(1)

No character = tray or tube

1. To get this document, please contact your nearest ST Sales Office.
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STM32F401xB STM32F401xC Revision history

Table 88. Document revision history (continued)

Date Revision Changes

Features: added dynamic efficiency, OTP memory and ECOPACK®2
compliance, updated clock/reset and supply management features.

Updated signal corresponding to pin 21 in Figure 13:
STM32F401xB/STM32F401xC LQFP100 pinout.

Updated PB11 alternate functions in Table 8:
STM32F401xB/STM32F401xC pin definitions and Table 9: Alternate
function mapping.

Added reference to Vrgg. for [Vgsx Vssl| in Table 11: Voltage
characteristics.

Updated Figure 26: ACCyg, versus temperature.

Updated V; minimum value and note related to V4 minimum value in
Table 54: I/O static characteristics.

07-Sep-2016 6 Added note related to external capacitor below Figure 32:
Recommended NRST pin protection.

Updated tynss) in Figure 34: SPI timing diagram - slave mode and
CPI{-K\ = 0 and Figure 35: SPI timing diagram - slave mode and CPHA
=1,

Added VRgg. in Table 66: ADC characteristics.

Section 7: Package information:

— added note related to optional marking and inset/upset marks in all
package marking sections.

— updated b dimension in Table 84: UFBGA100 - 100-ball, 7 x 7 mm,
0.50 mm pitch, ultra fine pitch ball grid array package mechanical
data.

Added new TT packing in Section 8: Part numbering.
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