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Functional overview STM32F469xx

2.4 Embedded Flash memory
The devices embed a Flash memory of up to 2 Mbytes available for storing programs and
data.

2.5 CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a software
signature during runtime, to be compared with a reference signature generated at link-time
and stored at a given memory location.

2.6 Embedded SRAM

All devices embed:

e Up to 384Kbytes of system SRAM including 64 Kbytes of CCM (core coupled memory)
data RAM

RAM memory is accessed (read/write) at CPU clock speed with 0 wait states.
e 4 Kbytes of backup SRAM

This area is accessible only from the CPU. Its content is protected against possible
unwanted write accesses, and is retained in Standby or VBAT mode.

2.7 Multi-AHB bus matrix

The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs, Ethernet, USB
HS, LCD-TFT, and DMA2D) and the slaves (Flash memory, RAM, FMC, QUADSPI, AHB
and APB peripherals) and ensures a seamless and efficient operation even when several
high-speed peripherals work simultaneously.

3
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2.16

2.17

2.18

Note:

281217

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 over the full
temperature range. 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 180 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 180 MHz while the maximum frequency of the high-speed APB domains is

90 MHz. The maximum allowed frequency of the low-speed APB domain is 45 MHz.

The devices embed a dedicated PLL (PLLI2S) and PLLSAI 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 boot loader is located in system memory. It is used to reprogram the Flash memory
through a serial interface. Refer to application note AN2606 for details.

Power supply schemes

e Vpp=1.71t0 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, DAC, Reset
blocks, RCs and PLL. Vppa and Vgga must be connected to Vpp and Vgg, respectively.

Vpp/Vppa Minimum value of 1.7 V is obtained when the internal reset is OFF (refer to
Section 2.19.2). Refer to Table 3 to identify the packages supporting this option.

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

e  Vppysg can be connected either to VDD or an external independent power supply (3.0
to 3.6V) for USB transceivers.
For example, when device is powered at 1.8V, an independent power supply 3.3V can
be connected to Vppyge. When the Vppygg is connected to a separated power supply,
it is independent from Vpp or Vppa but it must be the last supply to be provided and the
first to disappear.

3
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STM32F469xx Functional overview

When the internal reset is OFF, the following integrated features are no more supported:
e The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled
e  The brownout reset (BOR) circuitry must be disabled

e The embedded programmable voltage detector (PVD) is disabled

e Vpat functionality is no more available and Vgat pin should be connected to Vpp.

All packages allow to disable the internal reset through the PDR_ON signal when connected
to VSS.

Figure 9. PDR_ON control with internal reset OFF

VbD

PDR=1.7V

Reset by other source than
power supply supervisor

NRST

time

MS19009V7

1. PDR_ON signal to be kept always low.

2.20 Voltage regulator

The regulator has four operating modes:
e Regulator ON

—  Main regulator mode (MR)

—  Low power regulator (LPR)

— Power-down
e Regulator OFF

2.20.1 Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.

3
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Note:

3

Since the internal voltage scaling is not managed internally, the external voltage value must
be aligned with the targeted maximum frequency. Refer to Operating conditions.The two
2.2 uF ceramic capacitors should be replaced by two 100 nF decoupling capacitors. Refer
to Section 2.18.

When the regulator is OFF, there is no more internal monitoring on V45. An external power
supply supervisor should be used to monitor the V4, of the logic power domain. PAO pin
should be used for this purpose, and act as power-on reset on V1, power domain.

In regulator OFF mode, the following features are no more supported:

e PAO cannot be used as a GPIO pin since it allows to reset a part of the V45 logic power
domain which is not reset by the NRST pin.

e Aslong as PAO is kept low, the debug mode cannot be used under power-on reset. As
a consequence, PAO and NRST pins must be managed separately if the debug
connection under reset or pre-reset is required.

. The over-drive and under-drive modes are not available.
e The Standby mode is not available.

Figure 10. Regulator OFF

V12 External Vcap 12 power

| Supp|y supervisor AppllCathn reset
Ext. reset controller active| signal (optional)

when VCAP_1/2 < Min V12

PAO
Voo

BYPASS_REG

Veap_1

Vear 2

ai18498V3

The following conditions must be respected:

e Vpp should always be higher than Vcap 1 and Vcap 2 to avoid current injection
between power domains.

e Ifthetime for Voap 4 @and Vepap 2 to reach V4, minimum value is faster than the time for
Vpp to reach 1.7 V, then PAO should be kept low to cover both conditions: until Vepap 4
and Vcap o reach V5 minimum value and until Vpp reaches 1.7 V (see Figure 11). -

e  Otherwise, if the time for Vcap 1 and Vcap o to reach Vi minimum value is slower
than the time for Vpp to reach 1.7 V, then PAO could be asserted low externally (see
Figure 12).

e IfVcap 1and Veap 2 go below V4, minimum value and Vpp is higher than 1.7 V, then a
reset must be asserted on PAO pin.

The minimum value of V1, depends on the maximum frequency targeted in the application
(see Operating conditions).
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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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Table 10. STM32F469xx pin and ball definitions (continued)

Pin number 9
%) —_
o @ © © Pin name Q 2 0 .
o < © © ~ © [ee) 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 .l o
TRACEDO,
5| SPI2_MOSII252_SD, ADC123_
13122 | N1 |L12| M3 | 33 | 36 | M3 PC1 /O | FT SAI1_SD_A, ETH_MDC, IN11
EVENTOUT
SPI2_MISO, [2S2ext_SD,
| 5)| OTG_HS_ULPI_DIR, ADC123_
14 | 23 M4 | 34 | 37 | M4 PC2 /10 | FT ETH_MI|_TXD2, IN12
FMC_SDNEO, EVENTOUT
SPI2_MOSI/12S2_SD,
OTG_HS_ULPI_NXT,
15 | 24 | - - | M5| 35|38 | L4 PC3 o | FT |® ETH_MII_TX_CLK, A?gge'—
FMC_SDCKED,
EVENTOUT
- 25 - - - 36 | 39 | J5 VDD S - - - -
A e e VSS S| - |- - -
16 | 26 | J2 | L11 | M1 | 37 | 40 | M1 VSSA S - - - -
e I I N i R O N VREF- | S| - |- - -
17 | 27 - - P1 | 38 | 41 P1 VREF+ S - - - -
18 | 28 | J3 |M12| R1 | 39 | 42 | R1 VDDA S - - - -
TIM2_CH1/TIM2_ETR,
TIM5_CH1, TIM8_ETR, ADC123 INO
19 [ 29 | J5 | L10| N3 | 40 | 43 | N3 | PAO-WKUP(PAQ) | I/O | FT ® USART2_CTS, UART4_TX, WKUT:’ ’
ETH_MII_CRS,
EVENTOUT
TIM2_CH2, TIM5_CH2,
USART2_RTS, UART4_RX,
(5| QUADSPI_BK1_lO3,
20 | 30 | K1 K9 [ N2 | 41 | 44 | N2 PA1 /10 | FT ETH_MIl_RX_CLK/ETH_R ADC123_IN1
MII_REF_CLK, LCD_R2,
EVENTOUT
TIM2_CH3, TIM5_CH3,
(5) TIM9_CH1, USART2_TX,
21 31 K2 | L9 | P2 | 42 | 45 | P2 PA2 /O | FT ETH_MDIO, LCD_R1, ADC123_IN2
EVENTOUT
QUADSPI_BK2_l00,
ETH_MII_CRS,
- - L2 |M11| F4 | 43 | 46 | K4 PH2 /1O | FT | - FMC_SDCKED, LCD_RO, -
EVENTOUT
QUADSPI_BK2_I01,
ETH_MII_COL,
- - L1 [N12| G4 | 44 | 47 | M4 PH3 /1O | FT | - FMC_SDNEO, LCD_R1, -
EVENTOUT
[2C2_SCL, LCD_GS5,
- - M2 |[M10| H4 | 45 | 48 | H4 PH4 /IO | FT | - OTG_HS_ULPI_NXT, -
LCD_G4, EVENTOUT

3
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Table 10. STM32F469xx pin and ball definitions (continued)

Pin number 9
n —
o | @ | © © Pin name e 2 | o iti
o < © © ~ ©o [eo] o o
S |3 1212|258 N | (function after | > | S £ Alternate functions Additional
o | a FlS|lalald o) c | = |38 functions
L |le | Q2183 19Q | |lxc|Q reset) S| &
clo|@2|a|@|o|jOo|Q 1o
SPI6_NSS, USART6_RTS,
ETH_PPS_OUT,
- 96 D13 | G6 |H14 | 116 | 135 | H14 PG8 10| FT | - FMC_SDCLK, LCD_G7, -
EVENTOUT
- - G9 | F2 [G12| 117 | 136 | G10 VSS S - - - -
65 | 97 |G11| F1 |H13 | 118 | 137 | G11 VDDUSB S - - - -
TIM3_CH1, TIM8_CH1,
12S2_MCK, USART6_TX,
66 | 98 | FO | F3 |H15| 119 | 138 | H15 PC6 1o | FT | - SDIO_D6, DCMI_DO, -
LCD_HSYNC, EVENTOUT
TIM3_CH2, TIM8_CH2,
12S3_MCK, USART6_RX,
67 | 99 |F10| G7 |[G15|120 | 139 | G15 PC7 /O | FT | - SDIO_D7, DCMI_D1, -
LCD_G6, EVENTOUT
TRACED1, TIM3_CHS3,
TIM8_CH3, USART6_CK,
68 | 100 [E10| F4 | G14| 121|140 | G14 PC8 o | FT | - SDIO_DO, DCMI_D2, -
EVENTOUT
MCO2, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN,
69 | 101 [G10| F5 | F14 | 122 | 141 | F14 PC9 /O | FT | - QUADSPI_BK1_I00, -
SDIO_D1, DCMI_D3,
EVENTOUT
MCO1, TIM1_CH1,
12C3_SCL, USART1_CK,
70 [ 102 | D8 | E1 | F15| 123 | 142 | F15 PA8 10| FT | - OTG_FS_SOF, LCD_RS, -
EVENTOUT
TIM1_CH2, 12C3_SMBA,
SPI2_SCK/I2S2_CK, OTG_FS_
71 103 | E8 | E2 |E15| 124 | 143 | E15 PA9 /o | FT | - USART1_TX, DCMI_DO, VBUS
EVENTOUT
TIM1_CH3, USART1_RX,
72 | 104 | E9 | E3 |D15| 125 | 144 | D15 PA10 /o | FT | - OTG_FS_ID, DCMI_D1, -
EVENTOUT
TIM1_CH4, USART1_CTS,
73 | 105 | A13 | F7 |C15|126 | 145 | C15 PA11 /O | FT | - | CAN1_RX, OTG_FS_DM, -
LCD_R4, EVENTOUT
TIM1_ETR, USART1_RTS,
74 1106 | A12 | F6 | B15| 127 | 146 | B15 PA12 /O | FT | - CAN1_TX, OTG_FS_DP, -
LCD_RS5, EVENTOUT
75 [ 107 | A11 | D1 | A15| 128 | 147 | A15 PA;\?\;;TORA)S_ /O | FT | - | JTMS-SWDIO, EVENTOUT -
76 [ 108 | D12 | D2 | F13 [ 129 | 148 | E11 VCAP2 S - - - -
- |109 D11 | C1 [ F12| 130 | 149 | F10 VSS S - - - -
641217 DoclD028196 Rev 4 Kys
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Table 12

. Alternate function (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port spi2i3l | o) | ity | Sevor FMCT | by
SYS TIM1/2 TIM53/4/ T::_'g/i/f/ 12C1/2/3 SZI/ZI;/ZGB SSP;IA2|/2I.3/ USART | UART | 13/14/ |G2_HS ETH ()S_II_DCI;OZI_ DsSI LCD SYS
1213 | 4/5/71 | QUAD | /OTG1 FS HOST
8 SPI/LCD _FS

PIO - - TIM5_CH4 - - 32'822—_"\'533/ : - - - - - - FMC_D24 | DCMI_D13 | LCD_G5 | “go'

PI1 - - - - - S;gz—fg{’ ! - - - - - - FMC_D25 | DeMiD8 | Lcp_Ge | FYSNT

PI2 - - - TIM8_CH4 - sPi2_Miso | 12526XL.S - - - - - FMC_D26 | DCMID9 | Lcp_G7 | “gET

PI3 - - - TIM8_ETR - sa sh - - - - - - FMC_D27 | DCMI_D10 e

P4 : : : T'M?\‘—BK' : : . : : . : : FMC_NBL2 | DCMI_D5 | LCD B4 EglEJ#T

PI5 - - - TIM8_CH1 - - - - Fmc_NeLs | PQNLYS | Lo ss | FYENT

Pi6 ; ; ; TIM8_CH2 - - - - FMC_D28 | DCMID6 | LCD_B6 | “go'

PI7 - - - TIM8_CH3 - - - - FMC_D29 | DemiD7 | Lcp 7 | FYSNT
Pt o ; ; ; ) ) ) ; ) ] . . . . ) EVENT
PI9 : - : - - - . - : CAN1_RX - ; FMC_D30 - LD SY | BT

PI10 - . ; ; ) ) ; ) ] . . ETHMIRX_ | £ pay ) LCDHsY | EVENT
PI12 - - - - - - R R R R R R R R LCDN_gSY EXET
PI13 - - - - - - R R R R R R R R LC%CVSY EXE#T
Pl14 ; ) } ) ) ] ; ; ; ; . ; ; ; teo_cik | EEENT
PI15 - - - - - - - - - LCD_G2 - - - - teoRro | E/ENT

XX694CENLS
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STM32F469xx Electrical characteristics

Table 28. Typical and maximum current consumption in Sleep mode, regulator OFF

Typ Max (D)

Symbol Parameter | Conditions IK‘ACHLZK) Tp=25°C | Ty =85°C | T, =105°C | Unit
lpp12| Ipp

Ipp12| 'po |lbp12| lob |lbbi2| 'po
168 70 1 75 1 100 1 126 1
150 63 1 70 1 93 1 118 1
144 57 1 61 1 84 1 108 1
All 120 | 42 1 45 1 64 1 84 1

Peripherals

enabled 90 32 1 36 1 53 1 73 1

60 22 1 24 1 43 1 63 1

30 12 | 1 14 | 1 33 | 1 53 | 1
Supply current
N in RUN mode 25 10 | 1 12 | 1 31 1 51 1 "
Pp127 P | from V4 and 168 | 20 | 1 |24 | 1 |49 | 1 | 75| 1
Vpp supply
150 | 18 | 1 | 22 | 1 | 47 | 1 73 | 1
144 | 16 | 1 19 | 1 | 42 | 1 66 | 1
All 120 | 12 1 14 1 33 1 53 1
Peripherals

disabled | 90 | 10 | 1 | 12| 1 |3 | 1 |50 | 1
60 7 1 9 1 |27 | 1 | 47 | 1
30 4 1 6 1 | 24 | 1 | 44 | 1
25 | 4 1 6 1 | 24 | 1 | 44 | 1

1. Guaranteed based on test during characterization.

3
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STM32F469xx Electrical characteristics

5.3.13

3

Figure 35 and Figure 36 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 35. PLL output clock waveforms in center spread mode
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Figure 36. PLL output clock waveforms in down spread mode
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MIPI D-PHY characteristics

The parameters given in Table 45 and Table 46 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.

Table 45. MIPI D-PHY characteristics®

Symbol Parameter Conditions Min Typ Max Unit

Hi-Speed Input/Output Characteristics

UNnsT Ul instantaneous - | 2 ‘ - | 12.5‘ ns
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5.3.17

130/217

Table 52. Flash memory endurance and data retention

Value
Symbol Parameter Conditions Unit
Min(®)
Ty = —40 to +85 °C (6 suffix versions)
N End kcycl
END ndurance Tp =—40to +105 °C (7 suffix versions) 10 eyeles
1 keycle® at Ty = 85 °C 30
trer | Data retention |1 kcycle® at T, = 105 °C 10 Years
10 keycles® at T, = 55 °C 20

1. Based on test during characterization.

2. Cycling performed over the whole temperature range.

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromaghnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).

the device is stressed by two electromagnetic events until a failure occurs. The failure is

indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: Aburst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 53. They are based on the EMS levels and classes
defined in application note AN1709.

Table 53. EMS characteristics

Symbol Parameter Conditions Level/Class

Vpp= 3.3V, TFBGA216,
TA =+25 OC, fHCLK =168 MHZ, 2B
conforming to IEC 61000-4-2

Vv Voltage limits to be applied on any I/O pin
FESD |0 induce a functional disturbance

Fast transient voltage burst limits to be Vpp = 3.3V, TFBGA216,
Verrg | applied through 100 pF on Vpp and Vgg | Ta = 25 °C, fycLk = 168 MHz, 4A
pins to induce a functional disturbance conforming to IEC 61000-4-2

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.

DoclD028196 Rev 4 ‘Yl




Electrical characteristics STM32F469xx
Table 58. 1/O static characteristics (continued)
Symbol Parameter Conditions Min Typ Max Unit
FT, TTa and NRST /O input o @) _ )
hysteresis 1.7 V<Vpp<3.6 V 10%Vpp
1.75VVpp 8.6V, —-
Vhys 40 °C<T, <105 °C v
BOOTO I/O input hysteresis 0.1 - -
1.7VVpp 3.6V,
0 °C<Tp <105 °C
I /0 input leakage current () Vss Vin Voo - - # R
Ik H
® | 1/O FT input leakage current ) Vin=5V - - 3
All pins
except for
PA10/PB12 30 40 50
Weak pull-up | (OTG_FS_ID,
Rpy | equivalent OTG_HS_ID) VIN=Vss
resistor(®)
PA10/PB12
(OTG_FS_ID, 7 10 14
OTG_HS_ID)
kQ
All pins
except for
Weak pull- PA10/PB12 30 40 50
down (OTG_FS_ID,
RpD | aquivalent OTG_HS_ID) Vin="Vbp
resistor(’) PA10/PB12
(OTG_FS_ID, 7 10 14
OTG_HS_ID)
Cio® [ 1/O pin capacitance - - 5 - pF
1. Guaranteed by design.
2. Tested in production.
3. With a minimum of 200 mV.
4. Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 57
5. To sustain a voltage higher than VDD +0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be

higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 57

6. Pull-up resistors are designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the
series resistance is minimum (~10% order).

7. Pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS contribution to the
series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Based on test during characterization.

134/217
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STM32F469xx

Output voltage levels

Unless otherwise specified, the parameters given in Table 59 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in

Table 17. All I/Os are CMOS and TTL compliant.

Table 59. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
VOL(1) Output low level voltage for an I/O pin CMOS port(z) - 0.4
Vou® | Output high level voltage for an 1/0 pin 2 7II\(/)<=V+8 ZAG v | Vop —04 -

7V <Vpp 8.

VoL O Output low level voltage for an I/O pin TTL port(z) - 0.4

Vou @) | Output high level voltage for an I/O pin 27 I\I/O:; 82?6 v 24 -

7V <Vpp 3.

VoM | Output low level voltage for an 1/O pin lio = +20 mA - 134 | Vv
Vou® | Output high level voltage for an I/0 pin | 2.7V <Vpp 3.6V |vn-1.3#| -

VOL(1) Output low level voltage for an I/O pin lio = +6 mA - 0.44)
Vou® | Output high level voltage for an I/0 pin | 1.8V <Vpp 8.6V |v-04@4)| -

VOL“) Output low level voltage for an I/O pin lio = +4 mA - 0.4
Vou® | Output high level voltage for an I/0 pin | 1.7V <Vpp 3.6V |v5-040)| -

1. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 15.
and the sum of |, (/O ports and control pins) must not exceed lygs.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

The |, current sourced by the device must always respect the absolute maximum rating specified in

Table 15 and the sum of I, (/O ports and control pins) must not exceed lypp.

4. Based on characterization data.

Guaranteed by design.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 40 and
Table 60, respectively.

Unless otherwise specified, the parameters given in Table 60 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 17.

136/217
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Table 64. SPI dynamic characteristics(?) (continued)

Symbol Parameter Conditions Min Typ Max Unit
twsckH) | scK high and low time | Master mode, SPI presc = 2 Trok— 15| Trok | Trolk+1.5
tw(scky)
tsunss) NSS setup time Slave mode, SPI presc = 2 4TpcLk
th(Nss) NSS hold time Slave mode, SPI presc = 2 2Tpcik
t Master mode 2 - -
suM Data input setup time
tsu(si) Slave mode 3 - -
thom) Master mode 4 - -
Data input hold time
th(Sl) Slave mode 2 - -
taso) Data output access time | Slave mode, SPI presc = 2 7 - 21 ns
tais(so) Data output disable time | Slave mode 5 - 12
Slave mode (after enable edge), ) 1 15
2.7V £Vpp £3.6V
ty(so) Data output valid time
Slave mode (after enable edge), ) 1 15
1.71 V£Vpp<3.6 V '
th(so) Data output hold time | Slave mode (after enable edge) 6 - -
tymo) Data output valid time | Master mode (after enable edge) - 4.5 5
thvo) Data output hold time | Master mode (after enable edge) 2 - -

1. Guaranteed based on test during characterization.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t, 5oy and g,y Which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPI communicates with a master

having tsyviy = 0 while Duty(SCK) = 50%

1421217
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Figure 63. Synchronous multiplexed NOR/PSRAM read timings
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Electrical characteristics

Figure 79. SD default mode
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Table 110. Dynamic characteristics: SD / MMC characteristics, Vpp = 2.7 to 3.6 V(1)

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode - 0 - 50 MHz
- SDIO_CK/fPCLK2 frequency ratio - - - 8/3 -
twckLy | Clock low time 9.5 10.5 -
e f, =50 MHz ns
tW(CKH) Clock hlgh time 8.5 9.5 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS 20 - -
fop =50 MHz ns
tiH Input hold time HS 2.0 - -
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS - 13 13.5
fop =50 MHz ns
ton Output hold time HS 12.5 - -
CMD, D inputs (referenced to CK) in SD default mode
tisup Input setup time SD 2.0 - -
fop =25 MHz ns
tHp Input hold time SD 2.5 - -
CMD, D outputs (referenced to CK) in SD default mode
tovp Output valid default time SD - 1.5 2.0
fop =25 MHz ns
tonp Output hold default time SD 1.0 - -

1. Guaranteed based on test during characterization.

3
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Device Marking for LQFP176

The following figure gives an example of topside marking orientation versus pin 1 identifier
location. Other optional marking or inset/upset marks, which identify the parts throughout
supply chain operations, are not indicated below.

Figure 91. LQFP176 marking example (package top view)

™ ES32F479I1IT6U |

L | | | [ |
Revision code — | | | | |Y| WWwW |<— Date code

O
. ®

Product identification(")

MSv36544V1

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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