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Description STM32F469xXx

1.1.1 LQFP176 package

Figure 1. Incompatible board design for LQFP176 package
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132 ] PIO 132[] P11
131[] VDD 131 PIO
130 ] VSS 130[] PH15
129 ] VCAP2 129[] PH14
128 | PA13 128[] PH13
127[] PA12 127[] vDD
126[ ] PA11 126 ] VSS
125[] PA10 125[] VCAP2
124 PA9 124[7] PA13
123[ ] PA8 123 PA12
122[7] PC9 122[] PAN
121 PC8 121[] PA10
120 PC7 120[] PA9
119 ] PC6 119 PA8
118 [ ] VDDUSB 118 ] PC9
117 [ VSS 117[] PC8
116 [ ] PG8 116[] PC7
STM32F469xx/479xx 115[ ] PG7 STM32F4xx 115 PC6
LQFP176 114 ] PG6 LQFP176 114 [] VDD
113 [ ] PG5 113 [] VSS
112 ] PG4 112 [] PG8
111 ] PG3 11 [] PG7
1101 PG2 110 [] PG6
109 ] VSSDSI 109 [] PG5
108 ] DSIHOST_D1N 108 ] PG4
107 ] DSIHOST_D1P 107 [] PG3
106 ] VDD12DSI 106 [] PG2
105[ ] DSIHOST_CKN 105 [] PD15
104 [ ] DSIHOST_CKP 104 [] PD14
103 ] vSSDSI 103 [] vDD
102 [ ] DSIHOST_DON 102 ] vSS
101 [] DSIHOST_DOP 101 [] PD13
100 [] VCAPDSI 100 [] PD12
99 [] vDDSI 99 ] PD11
98 [ 1PD15 98 [] PD10
97 [] PD14 97 ] PD9
96 [ ] VDD 96 ] PD8
95 []VSS 95[] PB15
94 [ PD13 94[7] PB14
93 [] PD12 93] PB13
92 [ PD11 92 7] PB12
91 [ ] PD10 91[] vDD
90 [ | PD9 90[ ] VSS
89 [ 1 PD8 89 [ ] PH12
84 85 86 87 88 84 85 86 87 88
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1. Pins from 85 to 133 are not compatible.
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STM32F469xx

Description

UFBGAL176 package

113

Figure 3. UFBGA176 port-to-terminal assignment differences
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1. The highlighted pins are substituted with dedicated DSI 10 pins on STM32F469xx/479xx devices.
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Functional overview STM32F469xx

2.19

2.19.1

2.19.2

30/217

Power supply supervisor

Internal reset ON

On packages embedding the PDR_ON pin, the power supply supervisor is enabled by
holding PDR_ON high. On the other package, the power supply supervisor is always
enabled.

The device has an integrated power-on reset (POR)/ power-down reset (PDR) circuitry
coupled with a Brownout reset (BOR) circuitry. At power-on, POR/PDR is always active and
ensures proper operation starting from 1.8 V. After the 1.8 V POR threshold level is
reached, the option byte loading process starts, either to confirm or modify default BOR
thresholds, or to disable BOR permanently. Three BOR thresholds are available through
option bytes. The device remains in reset mode when Vpp is below a specified threshold,
VpoRr/PDR OF VBoRr: Without the need for an external reset circuit.

The device also 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.

Internal reset OFF

This feature is available only on packages featuring the PDR_ON pin. The internal power-on
reset (POR) / power-down reset (PDR) circuitry is disabled through the PDR_ON pin.

An external power supply supervisor should monitor Vpp and NRST and should maintain
the device in reset mode as long as Vpp is below a specified threshold. PDR_ON must be
connected to VSS, as shown in Figure 8.

Figure 8. Power supply supervisor interconnection with internal reset OFF

VDD
STM32F469xx o
e fontionaly

5 VBAT 9 P

1 PDR_ON
VSS

PDR not active: 1.7 V < VDD < 3.6 V
MS38296V1

The Vpp specified threshold, below which the device must be maintained under reset, is
1.7 V (see Figure 9).

A comprehensive set of power-saving mode allows to design low-power applications.
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Functional overview STM32F469xx

2.22

2.23

36/217

Like backup SRAM, 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 be put either in main regulator mode (MR) or in low-power
mode (LPR). Both modes can be configured as follows (see Table 5):

—  Normal mode (default mode when MR or LPR is enabled)
— Under-drive mode.

The device 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, the USB OTG FS/HS wakeup or the Ethernet wakeup).

Table 5. Voltage regulator modes in stop mode

Voltage regulator .
configuration Main regulator (MR) Low-power regulator (LPR)
Normal mode MR ON LPR ON
Under-drive mode MR in under-drive mode LPR in under-drive mode

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 and the backup SRAM when selected.

The device exits 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.

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

VpaT Operation

The Vgat pin allows to power the device Va1 domain from an external battery, an external
supercapacitor, or from Vpp when no external battery and an external supercapacitor are
present.
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Functional overview STM32F469xx

2.24.1 Advanced-control timers (TIM1, TIM8)

The advanced-control timers (TIM1, TIM8) can be seen as three-phase PWM generators
multiplexed on 6 channels. They have complementary PWM outputs with programmable
inserted dead times. They can also be considered as complete general-purpose timers.
Their 4 independent channels can be used for:

e Input capture

e  Output compare

e PWM generation (edge- or center-aligned modes)

e  One-pulse mode output

If configured as standard 16-bit timers, they have the same features as the general-purpose
TIMx timers. If configured as 16-bit PWM generators, they have full modulation capability (0-
100%).

The advanced-control timer can work together with the TIMx timers via the Timer Link
feature for synchronization or event chaining.

TIM1 and TIM8 support independent DMA request generation.

2.24.2 General-purpose timers (TIMx)

There are ten synchronizable general-purpose timers embedded in the STM32F46x devices

(see Table 6 for differences).

o TIM2, TIM3, TIM4, TIM5
The STM32F46x include 4 full-featured general-purpose timers: TIM2, TIM5, TIM3,
and TIM4.The TIM2 and TIM5 timers are based on a 32-bit auto-reload up/down
counter and a 16-bit prescaler. The TIM3 and TIM4 timers are based on a 16-bit auto-
reload up/down counter and a 16-bit prescaler. They all feature 4 independent
channels for input capture/output compare, PWM or one-pulse mode output. This gives
up to 16 input capture/output compare/PWMs on the largest packages.

The TIM2, TIM3, TIM4, TIM5 general-purpose timers can work together, or with the
other general-purpose timers and the advanced-control timers TIM1 and TIM8 via the
Timer Link feature for synchronization or event chaining.

Any of these general-purpose timers can be used to generate PWM outputs.

TIM2, TIM3, TIM4, TIM5 all have independent DMA request generation. They are
capable of handling quadrature (incremental) encoder signals and the digital outputs
from 1 to 4 hall-effect sensors.

e TIM9, TIM1O, TIM11, TIM12, TIM13, and TIM14

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.
TIM10, TIM11, TIM13, and TIM14 feature one independent channel, whereas TIM9
and TIM12 have two independent channels for input capture/output compare, PWM or
one-pulse mode output. They can be synchronized with the TIM2, TIM3, TIM4, TIM5
full-featured general-purpose timers. They can also be used as simple time bases.

2.24.3 Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger and waveform generation. They can also be
used as a generic 16-bit time base.

TIM6 and TIM7 support independent DMA request generation.

3
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STM32F469xx Functional overview

2.40

2.41

2.42

3

Analog-to-digital converters (ADCs)

Three 12-bit analog-to-digital converters are embedded and each ADC shares up to 16
external channels, performing conversions in the single-shot or scan mode. In scan mode,
automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

e  Simultaneous sample and hold

¢ Interleaved sample and hold

The ADC can be served by the DMA controller. An analog watchdog feature allows very

precise monitoring of the converted voltage of one, some or all selected channels. An
interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1,
TIM2, TIM3, TIM4, TIM5, or TIM8 timer.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 1.7 V and 3.6 V. The temperature sensor is internally
connected to the same input channel as Vgar, ADC1_IN18, which is used to convert the
sensor output voltage into a digital value. When the temperature sensor and Vgat
conversion are enabled at the same time, only Vgar conversion is performed.

As the offset of the temperature sensor varies from chip to chip due to process variation, the
internal temperature sensor is mainly suitable for applications that detect temperature
changes instead of absolute temperatures. If an accurate temperature reading is needed,
then an external temperature sensor part should be used.

Digital-to-analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e  8-bit or 10-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgg+

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.
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STM32F469xx Pinouts and pin description
Table 10. STM32F469xx pin and ball definitions (continued)
Pin number 0
(%] 8
o ® © © Pin name o 2 | o i
o < © © ~ <] [e0] o o
S |3 1212|258 § (function after | = | S | £ Alternate functions Additional
a | o %} o | o ) c s |2 functions
Lo Q21819 | |w|o reset) £ @
co|lo|lg|la|lp|lojo| & 1o
- — =) ; =) — - = =
TIM1_CH2, SPI4_NSS,
36 | 58 | K7 | N6 |P10| 74 | 85 | P10 PE11 /o | FT | - FMC_D8, LCD_G3, -
EVENTOUT
TIM1_CH3N, SPI4_SCK,
37 | 59 | L7 | M6 |R10| 75 | 86 | R10 PE12 /o | FT | - FMC_D9, LCD_B4, -
EVENTOUT
TIM1_CH3, SPI4_MISO,
38 |60 | J8 | L6 |N11| 76 | 87 |R12 PE13 /o | FT | - FMC_D10, LCD_DE, -
EVENTOUT
TIM1_CH4, SPI4_MOSI,
39 | 61 | K8 | J5 |P11| 77 | 88 | P11 PE14 /o | FT | - FMC_D11, LCD_CLK, -
EVENTOUT
TIM1_BKIN, FMC_D12,
40 | 62 | L8 | P5 |[R11| 78 | 89 | RN PE15 /o | FT | - LCD_R7, EVENTOUT -
TIM2_CH3, 12C2_SCL,
SPI2_SCK/I2S2_CK,
USART3_TX,
41 | 63 | M8 | N5 [R12| 79 | 90 | P12 PB10 /o | FT | - QUADSPI_BK1_NCS, -
OTG_HS_ULPI_D3,
ETH_MII_RX_ER,LCD_G4,
EVENTOUT
TIM2_CH4, 12C2_SDA,
USART3_RX,
OTG_HS_ULPI_D4,
42 | 64 | N8 | K5 [R13| 80 | 91 |R13 PB11 /o | FT | - ETH. MII_ TX_EN/ETH_RMI -
I_TX_EN, DSIHOST_TE,
LCD_G5, EVENTOUT
43 | 65 | N9 | N4 [M10| 81 | 92 | L11 VCAP1 s | - |- - -
44 | - | M9 | P4 | - - | 93 | K9 VSS - - - -
45 | 66 | L9 | P3 [N10| 82 | 94 | L10 VDD s | - |- - -
- - - - - - | 95 |M14 PJ5 /o | FT | - LCD_R6, EVENTOUT -
[2C2_SMBA, SPI5_SCK,
TIM12_CH1,
- - - - |M11| 83 | 96 | P13 PH6 /o | FT | - ETH_MII_RXD2, -
FMC_SDNE1, DCMI_D8,
EVENTOUT
12C3_SCL, SPI5_MISO,
ETH_MII_RXD3,
- - - - |N12| 84 | 97 |N13 PH7 /o | FT | - FMC_SDCKET, DCMI_ DS, -
EVENTOUT
[2C3_SDA, FMC_D16,
- - | H8 | M5 | - - | 98 | P14 PH8 I/0 | FT | - | DCMI_HSYNC, LCD_R2, -
EVENTOUT
[2C3_SMBA, TIM12_CH?2,
- - |H9 | L5 | - - | 99 [N14 PH9 /O | FT | - FMC_D17, DCMI_DO, -
LCD_R3, EVENTOUT
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STM32F469xx Pinouts and pin description
Table 10. STM32F469xx pin and ball definitions (continued)
Pin number 0
") 8
o ® © © Pin name o 2 | o i
o < © © ~ <] [e0] o o
S |3 1212|258 ‘E (function after | = | S | £ Alternate functions Additional
o o & o o I} c s |2 functions
o o O 83 O] o o (0] reset) £ %)
clo|@2|a|@|o|jOo|Q 1o
- - =) ; =) - - = =
TIM4_CH1, USART3_RTS,
QUADSPI_BK1_IO1,
- | 75 [M13| M2 |N13| 93 | 112 | M10 PD12 /o | FT | - FMC_A17/FMC_ALE. -
EVENTOUT
TIM4_CH2,
- - [M12| H4 |[M15] 94 | 113 | M11 PD13 /o | FT | - QUADSPI_BK1_l03, -
FMC_A18, EVENTOUT
- | 76 [J10| M1 | - | 95 | 114 | J10 VSS - - - -
- | 77 [K10| - [J13| 96 | 115 | J11 VDD - - - -
TIM4_CH3, FMC_DO,
53 | 78 |L12| L3 |M14| 97 | 116 | L12 PD14 /o | FT | - EVENTOUT -
TIM4_CH4, FMC_D1,
54 | 79 |L13 | L2 |L14 | 98 | 117 | K13 PD15 /o | FT | - EVENTOUT -
55 | 80 |K13| L1 |J12| 99 | 118 | H11 vDDDSI S| - |- - -
- - - - - - - | H10 VSS S - - - -
56 | 81 |K12| K1 |K12|100| 119 | K12 VCAPDSI s | - |- - -
- - - | K2 |D13]| - - |G13| VvDD12DSI S| - |- - -
57 | 82 | J12 | K3 |M12| 101|120 | J12 | DSIHOST_DOP |I/O | - | - - -
58 | 83 | J13 | J3 |M13| 102|121 | J13 | DSIHOST_DON |I/O | - | - - -
59 | 84 | K11 | H1 |H12| 103 | 122 | G12 VSSDSI S| - |- - -
60 | 85 |H12| J1 |L12|104 | 123 | H12 | DSIHOST_CKP [ /O | - | - - -
61 | 86 |H13| J2 |L13|105 | 124 | H13 | DSIHOST_CKN | I/O | - | - - -
62 | 87 [ J11| - |D13|106|125]| - VDD12DS| S| - |- - -
63 | 88 |G12| H3 |E12|107 | 126 | F12 | DSIHOST_D1P | I/O| - | - - -
64 | 89 |G13| H2 |E13|108 | 127 | F13 | DSIHOST_DIN |[l/O| - | - - -
- - |H11| - |H12|109 128 - VSSDSI s | - |- - -
- | 90 |F13| G5 | L15 | 110 | 129 | M13 PG2 /O | FT | - | FMC_A12, EVENTOUT -
- | 91 |F12| G4 | K15 | 111 | 130 | M12 PG3 /O | FT | - | FMC_A13, EVENTOUT -
FMC_A14/FMC_BAO,
- | 92 |E13| G2 | K14 | 112|131 | N12 PG4 /o | FT | - EVENTOUT -
FMC_A15/FMC_BA1,
- | 93 |E12| G1 | K13 | 113 | 132 | N11 PG5 /o | FT | - EVENTOUT -
DCMI_D12, LCD_R?7,
- | 94 |[F11| G3 |J15 | 114 | 133 | J15 PG6 /o | FT | - EVENTOUT -
SAI1_MCLK_A,
USART6_CK, FMC_INT,
- | 95 |E11| H6 | J14 | 115 | 134 | J14 PG7 /o | FT | - DCMI_D13, LCD, CLK, -
EVENTOUT
1S7 DoclD028196 Rev 4 63/217




Pinouts and pin description STM32F469xx

Table 10. STM32F469xx pin and ball definitions (continued)

Pin number 9
n —
o | @ | © © Pin name Q 2 | w iti
o < © © ~ ©o [eo] Q o
S |3 1212|258 § (function after | = | S | £ Alternate functions Additional
a | o %} o | o ) c s |2 functions
L |le | Q2183 19Q | |lxc|Q reset) S| &
clo|@2|a|@|o|jOo|Q 1o
TRACEDS,
SPI3_MOSI/I2S3_SD,
83 [ 115 | A9 | C4 | A12 | 141 | 163 | A12 PC12 /O | FT | - | USART3_CK, UART5_TX, -
SDIO_CK, DCMI_D,
EVENTOUT
CAN1_RX, FMC_D2,
84 | 116 | C9 | E6 |B12| 142|164 | B12 PDO /O | FT | - EVENTOUT -
CAN1_TX, FMC_D3,
85 | 117 | C7 | A3 |C12| 143 | 165 | C12 PD1 /O | FT | - EVENTOUT -
TRACED2, TIM3_ETR,
86 | 118 | B8 | C5 | D12 | 144 | 166 | D12 PD2 /o | FT | - UART5_RX, SDIO_CMD, -
DCMI_D11, EVENTOUT
SPI2_SCK/1252_CK,
USART2_CTS, FMC_CLK,
87 |119| C8 | D6 | D11 [ 145|167 | C11 PD3 /O | FT | - DCMI_D5, LCD_G7, -
EVENTOUT
USART2_RTS, FMC_NOE,
88 [120| C6 | B4 | D10 | 146 | 168 | D11 PD4 /o | FT | - EVENTOUT -
USART2_TX, FMC_NWE,
89 [121| B7 | C6 | C11 | 147 | 169 | C10 PD5 /O | FT | - EVENTOUT -
- |122| F8 | A4 | D8 | 148 | 170 | F8 VSS S - - - -
- 123 | F7 - C8 (149|171 | E9 VDD S - - - -
SPI3_MOSI/I2S3_SD,
SAI1_SD_A, USART2_RX,
90 | 124 | D7 | E7 | B11 | 150 | 172 | B11 PD6 /O | FT | - FMC_NWAIT, DCMI_D10, -
LCD_B2, EVENTOUT
USART2_CK, FMC_NET1,
91 - A8 | A5 | A11| 151|173 | A1 PD7 /o | FT | - EVENTOUT -
LCD_G3, LCD_BO,
- - - - - - | 174 | B10 PJ12 /O | FT | - EVENTOUT -
LCD_G4, LCD_B1,
- - - - - - | 175 | B9 PJ13 /O | FT | - EVENTOUT -
- - - - - - | 176 | C9 PJ14 /o | FT | - LCD_B2, EVENTOUT -
- - - - - - | 177 | D10 PJ15 /O | FT | - LCD_B3, EVENTOUT -
USART6_RX,
QUADSPI_BK2_102,
- |125| E6 | D7 | C10| 152 | 178 | D9 PG9 /o | FT | - FMC_NE2/FMC_NCE, -
DCMI_VSYNC, EVENTOUT
LCD_G3, FMC_NE3,
- |126| E7 | C7 |B10| 153 (179 | C8 PG10 /O | FT | - DCMI_D2, LCD_B2, -
EVENTOUT
ETH_MII_TX_EN/ETH_RMI
- |127| B6 | B6 | B9 | 154 | 180 | B8 PG11 /O | FT | - I_TX_EN, DCMI_D3, -
LCD_B3, EVENTOUT
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Pinouts and pin description STM32F469xx

Table 10. STM32F469xx pin and ball definitions (continued)

Pin number 9
n —
o | @ | © © Pin name e 2 | o iti
o < © © ~ © oo} o o
(=T I I B I = B R N | (functionafter | = | S | & Alternate functions Additional
e | s Tla|lal|s o) 5|2 functions
rloc|lola|lo|lo|ld]|o reset) c | Z
clo|lea|S|2|lo|lo|la ol o
TIM4_CH2, 12C1_SDA,
96 | 136 | B4 | A9 | BS [ 165|196 | BS PB7 o | FT | - USART1_RX, FMC_NL, -
DCMI_VSYNC, EVENTOUT
97 | 137 | A5 | F8 | D6 | 166 | 197 | E6 BOOTO | B - - VPP
TIM4_CH3, TIM10_CH1,
12C1_SCL, CAN1_RX,
98 | 138 | D4 | B9 | A5 [ 167 | 198 | A7 PB8 /0| FT | - | ETH_MII_TXD3, SDIO_D4, -
DCMI_D6, LCD_BS,
EVENTOUT
TIM4_CH4, TIM11_CH1,
12C1_SDA,
SPI2_NSS/I252_WS,
99 |139| C4 | E9 | B4 [ 168 | 199 | B4 PB9 /0| FT | - CAN1_TX, SDIO_D5. -
DCMI_D7, LCD_B?7,
EVENTOUT
NG TIM4_ETR, UART8_RX,
2 | 140 | A4 | A10 | A4 | 169 | 200 | A6 PEO o | FT | - FMC_NBLO, DCMI_D2, -
EVENTOUT
NC UART8_Tx, FMC_NBL1,
@ |[141] A3 | C9 | A3 | 170|201 | A5 PE1 o | FT | - DCMI_D3, EVENTOUT -
- - E3 |B10| D5 | - [202| F6 VSS S - - - -
- | 142 C3 | D9 | C6 | 171|203 | E5 PDR_ON S - - - -
100 | 143 | D3 | A11 | C5 [ 172|204 | E7 VDD S - - - -
TIM8_BKIN, FMC_NBL2,
- - B3 |D10| D4 | 173 | 205 | C3 P14 /0| FT | - DCMI_D5, LCD_B4, -
EVENTOUT
TIM8_CH1, FMC_NBL3,
- - A2 |C10| C4 | 174 | 206 | D3 PI5 /0| FT | - DCMI_VSYNC, LCD_BS, -
EVENTOUT
TIM8_CH2, FMC_D28,
- - A1 | B11 | C3 | 175|207 | D6 P16 /0| FT | - DCMI_D6, LCD_BS6, -
EVENTOUT
TIM8_CH3, FMC_D29,
- - B1 |A12| C2 | 176 | 208 | D4 PI7 10| FT | - DCMI_D7, LCD_B7, -
EVENTOUT

Function availability depends on the chosen device.

NC (not-connected) pins are not bonded. They must be configured by software to output push-pull and forced to “0” in the
output data register to avoid extra current consumption in low power modes.

3. PC13, PC14, PC15 and PI8 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 and PI8 in output mode is limited:
- The speed should not exceed 2 MHz with a maximum load of 30 pF.
- These 1/0s must not be used as a current source (e.g. to drive an LED).

4. Main function after the first backup domain power-up. Later on, it depends on the contents of the RTC registers even after
reset (because these registers are not reset by the main reset). For details on how to manage these 1/Os, refer to the RTC
register description sections in the STM32F4xx reference manual, available from the STMicroelectronics website:
www.st.com.

5. FT =5V tolerant except when in analog mode or oscillator mode (for PC14, PC15, PHO and PH1).
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7. To sustain a voltage higher than VDD+0.3, the internal Pull-up and Pull-Down resistors must be disabled

8. If Tp is lower, higher P values are allowed as long as T does not exceed T jax-

9. Inlow power dissipation state, T can be extended to this range as long as T; does not exceed T j 4y

Table 18. Limitations depending on the operating power supply range

Maximum Flash

Maximum HCLK

Operating ADC memory access frequency Possible Flash
power ; frequency with VS. I/O operation memory
operation . . -
supply range no wait states | Flash memory wait operations
(friashmax) states ()2
Ve = 168 MHz 8-bit erase
17 toD2D 1O 20 MHz® with 8 wait states and program
' ’ Conversion time and over-drive OFF No I/O operations only
Ve = up to 1.2 Msps 180 MHz compensation 16-bit erase
2.1 th2 AV 22 MHz with 8 wait states and program
’ ’ and over-drive ON operations
Ve = 180 MHz 16-bit erase
o4 th2 Y 24 MHz with 7 wait states and program
' ' Conversion time and over-drive ON | 1,0 compensation operations
Ve = up to 2.4 Msps 180 MHz works 32-bit erase
97 toD?? 6 VO 30 MHz with 5 wait states and program
’ ’ and over-drive ON operations

1. Applicable only when the code is executed from Flash memory. When the code is executed from RAM, no wait state is

required.

Thanks to the ART accelerator and the 128-bit Flash memory, the number of wait states given here does not impact the

execution speed from Flash memory since the ART accelerator allows to achieve a performance equivalent to 0 wait state
program execution.

Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 2.19.2).
Prefetch is not available.

When Vppysg is connected to Vpp, the voltage range for USB full speed PHY's can drop down to 2.7 V. However the
electrical characteristics of D- and D+ pins will be degraded between 2.7 and 3 V.

53.2

VCAP1/VCAP2 external capacitor

Stabilization for the main regulator is achieved by connecting an external capacitor Cgyy to
the VCAP1/VCAP2 pins. Cgx is specified in Table 19.

Figure 26. External capacitor Cext

— ]

ESR

R Leak

MS19044V2

1.
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Legend: ESR is the equivalent series resistance.
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5.3.6

5.3.7

3

Over-drive switching characteristics

When the over-drive mode switches from enabled to disabled or disabled to enabled, the
system clock is stalled during the internal voltage set-up.

The over-drive switching characteristics are given in Table 23. They are subject to general
operating conditions for Th.

Table 23. Over-drive switching characteristics®

Symbol Parameter Conditions Min Typ Max Unit
HSI - 45 -
Over_drive switch HSE max for 4 MHz 45 - 100
Tod_swen enable time and min for 26 MHz
External HSE
50 MHz ) 40 i
us
HSI - 20 -
Over_drive switch HSE max for 4 MHz 20 - 80
Tod_swdis disable time and min for 26 MHz.
External HSE ) 15 )
50 MHz

1. Guaranteed by design.

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 25.

All the run-mode current consumption measurements given in this section are performed
with a reduced code that gives a consumption equivalent to CoreMark® code.
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Table 60. 1/0 AC characteristicsM®
OSPEEDRYy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(®
CL=50pF, Vpp227V | - - 4
CL =50 pF,Vpp2 1.7V - - 2
fmax(0)out | Maximum frequency®) C =10pF Vpp227V - - 8 MHz
00 CL=10pF, Vpp 218V - - 4
CL=10pF, Vpp2 1.7V - - 3
Output high to low level fall _ _
ttf('o)m’t/ time and output low to high ?é—VSO PF.Vpp=1.7Vio| - 100 | ns
r(I0)out  jevel rise time '
CL =50 pF, Vpp= 2.7 V - - 25
C_ =50 pF, Vpp= 1.8V - - | 125
CL =50 pF, Vpp= 1.7 V - - 10
fmax(oyput |Maximum frequency®) MHz
CL= 10 pF, VDD22.7V - - 50
01 CL =10 pF, VDDZ 1.8V - - 20
CL=10pF, Vpp= 1.7V - - | 125
CL=50pF, Vpp 227V - - 10
Output high to low level fall |, =10 pF, Vpp22.7V - - 6
ttf('o)m’t/ time and output low to high L Bo ns
r(I0)out level rise time C_=50pF, Vpp21.7V - - 20
C =10 pF, Vpp2 1.7V - - 10
C_=40pF, Vpp2 2.7V - - | 504
CL=10pF, Vpp22.7V - - | 100@
fmax(oyput |Maximum frequency(®) C_L=40pF, Vpp21.7V - - 25 | MHz
CL=10pF,VDDZ1.8V - - 50
10 CL=10pF,Vpp2 1.7V - - | 425
CL = 40 pF, Vpp 22.7 V - - 6
Output high to low level fall  |c, = 10 pF, Vpp22.7V - - 4
ttf('o)"“t/ time and output low to high = Bo ns
r(10)out level rise time CL =40 pF, VDD 217V - - 10
CL=10pFlVDDZ1'7V - - 6
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5.3.25 Temperature sensor characteristics
Table 82. Temperature sensor characteristics
Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - + 2 °C
Avg_SIopem Average slope - 2.5 - mV/°C
Vys!) Voltage at 25 °C - o076 - %
tSTART(z) Startup time - 6 10
us
TS_temp(z) ADC sampling time when reading the temperature (1 °C accuracy) | 10 - -

1. Based on test during characterization.

2. Guaranteed by design.

Table 83. Temperature sensor calibration values

Symbol Parameter Memory address
TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa=3.3V |Ox1FFF 7A2C - Ox1FFF 7A2D
TS_CAL2 | TS ADC raw data acquired at temperature of 110 °C, Vppa= 3.3V | OX1FFF 7A2E - Ox1FFF 7A2F

5.3.26 VgaT Monitoring characteristics
Table 84. Vga1 monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgar measurement - 4 -
Er() Erroron Q -1 - +1 %
2)(2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
5.3.27 Reference voltage
The parameters given in Table 85 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 17.
Table 85. internal reference voltage
Symbol Parameter Conditions Min Typ Max Unit

Vrerint | Internal reference voltage —40°C<Ta<+105°C | 118 | 1.21 | 1.24 \

T (1) |ADC sampling time when reading the 10 ) ) s

S_vrefint * | internal reference voltage M

() | Internal reference voltage spread over the - )
VRERINT_s temperature range Vop =3V +10mV 3 5 mV
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Figure 62. Asynchronous multiplexed PSRAM/NOR write waveforms
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ty(NADV_NE) > th(AD_NADV)
tw(NADV) —>
FMC_NADV [
FMC_NWAIT
th(NE_NWAIT) —»
tsu(NWAIT_NE) ——pf

MS32756V1

Table 94. Asynchronous multiplexed PSRAM/NOR write timings®

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4Thek | 4THek*0.5
tynwe_Ng) | FMC_NEx low to FMC_NWE low Thek =1 | THokt0.5
twnwey | FMC_NWE low time 2Thek | 2THekt0.5
thve_Nwe) | FMC_NWE high to FMC_NE high hold time Thelk -
tya Ny | FMC_NEXx low to FMC_A valid - 0
tynabv NE) | FMC_NEX low to FMC_NADV low 0.5 1
twnaby) | FMC_NADV low time Thelk = 0.5| THek* 0.5 ns
th(AD_NADY) Zfl\t/(lecr)l_:,:\/lljc(a'\cliglr:;e\ish)iv?id hold time Trolk - 2 }
_ 9
th(A_NWE) Address hold time after FMC_NWE high Theclk -
theL_nwe) | FMC_BL hold time after FMC_NWE high Tholk — 2 -
tyeL_ Ny | FMC_NEx low to FMC_BL valid - 2
ty(Data_NADV) | FMC_NADV high to Data valid - Thok +1.5
th(pata_Nwe) | Data hold time after FMC_NWE high Thewk 0.5 -

1. Based on test during characterization.
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Figure 64. Synchronous multiplexed PSRAM write timings
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Figure 66. Synchronous non-multiplexed PSRAM write timings
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Table 99. Synchronous non-multiplexed PSRAM write timings®

Symbol Parameter Min Max Unit

tcLk) FMC_CLK period 2Thok — 1 -

tycLkL-NExL) |FMC_CLK low to FMC_NEx low (x=0...2) - 0.5
tcLkH-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) Thelk -
tycLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 0
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLkL-av) |FMC_CLK low to FMC_Ax valid (x=16...25) - 0

taicLkn-alvy) | FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - o

tycLkL-nweL) | FMC_CLK low to FMC_NWE low - 0
ty(cLkH-NwEH) | FMC_CLK high to FMC_NWE high TheLk—0.5 -

tycLKL-Data)y |FMC_D[15:0] valid data after FMC_CLK low - 25
tycLkL-nBLL) | FMC_CLK low to FMC_NBL low 0 -
tycLkH-nBLH) | FMC_CLK high to FMC_NBL high Thelk=0.5 -
tsu(NwAIT-cLKH) | FMC_NWAIT valid before FMC_CLK high 4 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0 -

1. Based on test during characterization.
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In all timing tables, the Ty k is the HCLK clock period.
e For2.7V<Vpp=<3.6V, maximum FMC_SDCLK =90 MHz, at C = 30 pF (on

FMC_SDCLK).

e For1.71VsVpp<1.9V, maximum FMC_SDCLK =75 MHz when CAS Latency = 3 and
60 MHz for CAS latency 1 or 2. C| = 10 pF (on FMC_SDCLK).

Figure 71. SDRAM read access waveforms (CL = 1)

FMC_SDCLK

FMC_A[12:0]

td(SDCLKL_AddR)

FMC_SDNE[1:0] b

td(SDCLKL_NRAS) >—4

(SDCLK'L AddC) !
(SDCLKL AddR) !

X Colt, X Col2 X Co X

+»— td(SDCLKL_SNDE)

-b:—:t {th(SDCLKL_AddC

) '

: +—4 th(SDCLKL_SNDE)

Coln

> th(SDCLKi__N RAS) |

\: | /I

FMC_SDNRAS i ; : |
e td(SDCLKi_ NCAS) | | ! th(SDCLKL_NCAS)
FMC_SDNCAS \ : : : /[
FMC_SDNWE ' ! \ A
tsu(SDCLKH_ Data)<—><—> th(SDCLKH Data) 5
FMC_D[31:0] ,\ Data X Dath2 X Datai X DatanX
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Table 102. SDRAM read timings®
Symbol Parameter Min Max Unit
tw(SDCLK) FMC_SDCLK period 2Thok =05 | 2Thok*0.5
tsu(SDCLKH _Data) Data input setup time 2 -
th(SDCLKH_Data) Data input hold time 0 -
ty(SDCLKL_Add) Address valid time - 15
t4(SDCLKL- SDNE) Chip select valid time - 05
ns
th(SDCLKL_SDNE) Chip select hold time 0 _
ty(SDCLKL_SDNRAS) SDNRAS valid time - 0.5
th(SDCLKL_SDNRAS) SDNRAS hold time 0 -
ty(SDCLKL_SDNCAS) SDNCAS valid time - 0.5
th(SDCLKL_SDNCAS) SDNCAS hold time 0 -
1. Guaranteed based on test during characterization.
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Table 116. UFBGA169 - 169-pin, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball
grid array package mechanical data (continued)

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

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

Device Marking for UFBGA169

The following figure gives an example of topside marking orientation versus ball A1 identifier
location. Other optional marking or inset/upset marks, which identify the parts throughout

supply chain operations, are not indicated below.

Figure 88. UFBGA169 marking example (package top view)

Pin 1
identifier

Product identification"

STM32F

|\

479AIH6

o7 (O

Date code

Y | WW

re

L

Revision code

MSv36543V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering

samples to run qualification activity.
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Table 117. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
mechanical data (continued)

millimeters inches®
Symbol
Min Typ Max Min Typ Max
e - 0.500 - - 0.0197 -
HD 25.900 - 26.100 1.0200 - 1.0276
HE 25.900 - 26.100 1.0200 - 1.0276
L 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -
ZD - 1.250 - - 0.0492 -
ZE - 1.250 - - 0.0492 -
cce - - 0.080 - - 0.0031
k 0° - 7° 0° - 7°

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