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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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within electronic devices to control various functions,
rather than serving as standalone computers.
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Active
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FLASH

384K x 8
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Internal
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Surface Mount
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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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Description STM32F469xx

Figure 5. STM32F469xx block diagram
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1. The timers connected to APB2 are clocked from TIMxCLK up to 180 MHz, while the timers connected to
APB1 are clocked from TIMxCLK either up to 90 MHz or 180 MHz depending on TIMPRE bit configuration
in the RCC_DCKCFGR register.
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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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STM32F469xx Functional overview

Figure 6. STM32F469xx Multi-AHB matrix
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2.8 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.

3
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Functional overview STM32F469xx

2.9

24/217

The DMA can be used with the main peripherals:

SPIand I°S

1°C

USART

General-purpose, basic and advanced-control timers TIMx
DAC

SDIO

Camera interface (DCMI)

ADC

SAI1

QUADSPI.

Flexible Memory Controller (FMC)

The Flexible memory controller (FMC) includes three memory controllers:

The NOR/PSRAM memory controller
The NAND/memory controller
The Synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) controller

The main features of the FMC controller are the following:

Interface with static-memory mapped devices including:

—  Static random access memory (SRAM)

— NOR Flash memory/OneNAND Flash memory

- PSRAM

—  NAND Flash memory with ECC hardware to check up to 8 Kbytes of data
Interface with synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) memories
8-,16-,32-bit data bus width

Independent Chip Select control for each memory bank

Independent configuration for each memory bank

Write FIFO

Read FIFO for SDRAM controller

The Maximum FMC_CLK/FMC_SDCLK frequency for synchronous accesses is
HCLK/2.

LCD parallel interface

The FMC can be configured to interface seamlessly with most graphic LCD controllers. It

supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to

specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost
effective graphic applications using LCD modules with embedded controllers or high

performance solutions using external controllers with dedicated acceleration.

3
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Functional overview STM32F469xx

2.37

2.38

2.39

441217

The maijor features are:

e Combined Rx and Tx FIFO size of 4 KB with dynamic FIFO sizing

e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)
e 8 bidirectional endpoints

e 16 host channels with periodic OUT support

e  Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Internal FS OTG PHY support

e External HS or HS OTG operation supporting ULPI in SDR mode. The OTG PHY is
connected to the microcontroller ULPI port through 12 signals. It can be clocked using
the 60 MHz output.

e Internal USB DMA
e  HNP/SNP/IP inside (no need for any external resistor)

e for OTG/Host modes, a power switch is needed in case bus-powered devices are
connected

Digital camera interface (DCMI)

The devices embed a camera interface that can connect with camera modules and CMOS
sensors through an 8-bit to 14-bit parallel interface, to receive video data. The camera
interface can sustain a data transfer rate up to 54 Mbyte/s at 54 MHz. It features:

e  Programmable polarity for the input pixel clock and synchronization signals
e Parallel data communication can be 8-, 10-, 12- or 14-bit

e  Supports 8-bit progressive video monochrome or raw bayer format, YCbCr 4:2:2
progressive video, RGB 565 progressive video or compressed data (like JPEG)

e  Supports continuous mode or snapshot (a single frame) mode
e  Capability to automatically crop the image black & white.

Random number generator (RNG)

All devices embed an RNG that delivers 32-bit random numbers generated by an integrated
analog circuit.

General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain,
with or without pull-up or pull-down), as input (floating, with or without pull-up or pull-down)
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog
alternate functions. All GPIOs are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

The 1/0O configuration can be locked if needed by following a specific sequence in order to
avoid spurious writing to the 1/Os registers.

Fast I/O handling allowing maximum 1/O toggling up to 90 MHz.

3
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Pinouts and pin description STM32F469xx
Figure 18. STM32F46x LQFP176 pinout
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1. The above figure shows the package top view.
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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

USAR | CAN1/2/ | QUAD EMC/

Port SPI12/3/ DCMI/

TIM3/4/ | TIM8/9/ SPI1/2/3 | SPI2/3/ T6/ | TIM12/ | SP/OT SpIo/
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Electrical characteristics STM32F469xx

5 Electrical characteristics

5.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

511 Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and Tp = Tymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean+30).

5.1.2 Typical values

Unless otherwise specified, typical data are based on Tp =25 °C, Vpp = 3.3 V (for the
1.7 V <Vpp 3.6 V voltage range). They are given only as design guidelines and are not
tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from
a standard diffusion lot over the full temperature range, where 95% of the devices have an
error less than or equal to the value indicated (mean+20).

5.1.3 Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

514 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 22.

5.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 23.

Figure 22. Pin loading conditions Figure 23. Pin input voltage

MCU pin MCU pin

T i

MS19011V2 MS19010V2

C =50pF
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STM32F469xx Electrical characteristics

Table 26. Typical and maximum current consumption in Run mode, code with data
processing running from Flash memory (ART accelerator enabled except prefetch),
regulator OFF

Typ Max®)

Symbol | Parameter | Conditions IK‘A%L;) Tp=25°C | T,=85°C | To =105 °C | Unit
Ipp12 | lbp

Ipp12 | oo |lbpi2| loo |lbpiz| lop
168 93 1 98 1 123 1 148 1
150 83 1 88 1 113 1 138 1
144 76 1 80 1 103 1 126 1
AllPeripherals | 120 | 56 | 1 [ 59 | 1 | 78 | 1 | 97 | 1
enabled®® o0 T 43 1 [ 45 | 1 |64 | 1 | 83 | 1
60 29 1 32 1 50 1 70 1
30 15 1 18 1 36 1 56 1

Supply current
o m‘émmode 25 |13 | 1 |15 1 [ s8]
PP127°BP | from V4, and 168 | 44 | 1 | 50 | 1 | 72| 1 | 94 | 1
Vpp supply

150 | 40 | 1 | 45 | 1 | 68 | 1 | 90 | 1
144 | 36 | 1 | 40 | 1 | 62 | 1 | 82 | 1
AllPeripherals | 120 | 27 | 1 [ 30 | 1 | 48 | 1 | 66 | 1

disabled 0 [ 20| 1 | 23| 1 | 4] 1 |60] 1
60 | 14 | 1 | 16 | 1 |3 | 1 | 53| 1
30 | 8 1 10| 1 | 28| 1 |47 | 1
25 | 7 1 9 1 |27 | 1 | 46 | 1

Guaranteed based on test during characterization.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSI are ON, DSI regulator, an additional power
consumption should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR?2 register), add an additional power consumption of 1.6 mA per ADC
for the analog part.

3
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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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Electrical characteristics STM32F469xx

Note:

116/217

time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 37. HSE 4-26 MHz oscillator characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc IN Oscillator frequency - 4 - 26 | MHz
Re Feedback resistor - - 200 - kQ
VDD=3.3 V,
ESR=30 Q, - 450 -
C_ =5 pF@25 MHz
Ibb HSE current consumption MA
VDD=3'3 V,
ESR=30 Q, - 530 -
C_ =10 pF@25 MHz
ACChse® | HSE accuracy - -500| - | 500 | ppm
G,_crit_max | Maximum critical crystal g, Startup - - 1 mA/V
tSU(HSE)(3) Startup time Vpp is stabilized - 2 - ms

1. Guaranteed by design.

2. This parameter depends on the crystal used in the application. The minimum and maximum values must
be respected to comply with USB standard specifications.

3. tsysk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz
oscillation is reached. This value is based on characterization and not tested in production. It is measured
for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

For C_ 4 and C|», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 31). C, 4 and C, » are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C|_1 and C|_2.

For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from www.st.com.

Figure 31. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

ASNOTR

. I . OSC_N fHSE

. - . : _”_> .
. _I'_ Bias

—8 'V'Hf Rf | controlled
‘:resona or gain

STM32F

ai17530

1. Rgxr value depends on the crystal characteristics.
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STM32F469xx Electrical characteristics
Table 47. DSI-PLL characteristics® (continued)
Symbol Parameter Conditions Min | Typ | Max | Unit
fyco our =500MHz | - | 0.55 | 0.70
IpppLL) | PLL power consumption on Vpp1o | fuco out = 600 MHz - 0.65 | 0.80 | mA
fyco out = 1000MHz | - | 0.95 | 1.20

1. Based on test during characterization.

5.3.15 MIPI D-PHY regulator characteristics
The parameters given in Table 48 are derived from tests performed under temperature and
Vpp supply voltage conditions summarized in Table 17.
Table 48. DSI regulator characteristics(®
Symbol Parameter Conditions Min | Typ | Max | Unit
VDD12DS| 1.2 Vinternal Voltage on VDD12DS| - 1.15 1.20 1.30 \%
Cext External capacitor on Vepappg) - 11 | 22 | 33 | pF
ESR External Serial Resistor - 0 25 | 600 | mQ
Iobbsirec | Regulator power consumption - 100 | 120 | 125 | pA
Ultra Low Power Mode ) 200 | 600
| DSI system (regulator, PLL and (Reg. ON + PLL OFF) A
DDDSI | D-PHY) current consumption on Vpppg; Stop State H
(Reg. ON + PLL OFF) - | 290 | 600
10 MHz escape clock ) 43 | 50
| DSI system current consumption on (Reg. ON + PLL OFF) ' ' mA
DDDSILP v/ os; in LP mode communication(® 20 MHz escape clock 43 | 50
(Reg. ON + PLL OFF) ) ' '
300 Mbps - 1 data lane
(Reg. ON + PLL ON) ) 80 | 838
300 Mbps - 2data lane
DSI system (regulator, PLL and (Reg. ON + PLL ON) ) .4 125
D-PHY) current consumption on Vpppg)
in HS mode communication 500 Mbps - 1 data lane - 135 | 147
IDDDS|HS (Reg ON + PLL ON) ’ ’ mA
500 Mbps - 2data lane
(Reg. ON + PLL ON) - | 180196
DSl system (regulator, PL!_ and 500 Mbps - 2data lane
D-PHY) current consumption on Vpppg) (Reg. ON + PLL ON) - 214 | 233
in HS mode with CLK like payload 9
CEXT=2'2 }JF - 110 -
twakeup | Startup delay Ms
CEXT =33 UF - - 160
lINRusH | Inrush current on Vpppg External capacitor load at start - 60 | 200 | mA
1. Based on test during characterization.
2. Values based on an average traffic in LP Command Mode.
3. Values based on an average traffic (3/4 HS traffic & 1/4 LP) in Video Mode.
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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).

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 54. EMI characteristics

; Max vs. [fuse/fcpul
. Monitored HSE' CPU .
Symbol | Parameter Conditions frequency band o168 M | 51280 Wiz Unit
0.1 to 30 MHz 2 2
Vpp =3.3V, Ty =25 °C, TFBGA216
package, conforming to SAE J1752/3 30 to 130 MHz 4 1 dBpv
EEMBC, ART ON, all peripheral clocks | 130 MHz to 1GHz 10 10
enabled, clock dithering disabled.
SAE EMI Level 3 3 -
Sem | Peaklevel 0.1 to 30 MHz 5 10
Vpp= 3.3V, Ty=25°C, TFBGA216 :
package, conforming to SAE J1752/3 | 30to 130 MHz 3 -15 dBpv
EEMBC, ART ON, all peripheral clocks | 130 MHz to 1GHz 8 0
enabled, clock dithering enabled
SAE EMI level 2 2 -
5.3.18 Absolute maximum ratings (electrical sensitivity)

3

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 ANSI/ESDA/JEDEC JS-001 and ANSI/ESD S5.3.1 standards.
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SAl characteristics

Unless otherwise specified, the parameters given in Table 66 for SAl are derived from tests
performed under the ambient temperature, fpc| kx frequency and VDD supply voltage
conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e  Capacitive load C=30 pF
e  Measurement points are performed at CMOS levels: 0.5 Vpp

Refer to Section 5.3.20 for more details on the input/output alternate function
characteristics (SCK,SD,WS).

Table 66. SAl characteristics®

Symbol Parameter Conditions Min Max Unit
fmekL SAIl Main clock output - 256 x 8K 256xFs
Master data: 32 bits - 128xFs® | MHz
fek SAl clock frequency(®
Slave data: 32 bits - 128xFs
Master mode, ) 17
2.7V £Vpp £3.6V
tyFs) FS valid time
Master mode, ) 23
1.71V £ Vpp £ 3.6V
tsu(Fs) FS setup time Slave mode 10 -
th(rs) FS hold time Slave mode 0 -
tsuisb MR Master receiver 1 -
Su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 2 -
{ Master receiver 6 -
h(SD_MR) Data input hold time
th(SD_SR) Slave receiver 1 - ns
Slave transmitter (after enable edge), ) 14
2.7V £Vpp 3.6V
th(SD B_ST) Data output valid time
- Slave transmitter (after enable edge), ) 23
1.71V £ Vpp £ 3.6V
thsp B _sT)| Dataoutput hold time Slave transmitter (after enable edge) 9 -
Master transmitter (after enable edge), _ 20
2.7V<Vpp<3.6V
tysp_a_m1)| Data output valid time
- Master transmitter (after enable edge), ) 26
1.71V £ Vpp £ 3.6V
thsp_a_mT)| Data output hold time | Master transmitter (after enable edge) 10 -

1. Guaranteed based on test during characterization.
2. APB clock frequency must be at least twice SAI clock frequency.
3. With Fs = 192 kHz.

3
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Table 76. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
1fg?§t =re33(3) I’\L?t?ozn 0.50 i 16.40
1f8?§t =re33(3) I’\:t?ozn 043 i 16.34 s
o By | o | e | [ e
ISA-EE rze:gxigi 0-30 i 16.20
9 to 492

(tg for sampling +n-bit resolution for successive approximation) Vianc

12-bit resolution

- - 2
Single ADC
Sampling rate 12-bit resolution
fs(z) (fapc = 30 MHz, and Interlea:-/neog:al ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6
mode
ADC VRgr
IVRE,:+(2) DC current consumption in - - 300 500 MA
conversion mode
ADC Vppa
IVDDA(Z) DC current consumption in - - 1.6 1.8 mA

conversion mode

1. Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 2.19.2).
2. Based on test during characterization.
3. VRgr+ is internally connected to Vppp and Vgeg. is internally connected to Vgga.
4. Rppc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.
5. For external triggers, a delay of 1/fpc k2 must be added to the latency specified in Table 76.
Equation 1: Ry max formula
— (k=0.5)
Ran = N2 —Rapc
fapc X Capc X IN(2 )
The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.
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Electrical characteristics

3

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
MS32751V2
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 109. LTDC characteristics(

Symbol Parameter Min Max Unit
folk LTDC clock output frequency - 65 MHz
Dcik LTDC clock output duty cycle 45 55 %
:ngtir)) Clock High time, low time twcLky2 = 0.5 | tycLk)y2+0.5
ty(DATA) Data output valid time - 1.5
th(DATA) Data output hold time 0 -
ty(HsYNC)
tyVSYNG) HSYNC/VSYNC/DE output valid time - 05 ns
ty(oE)
th(HsYNC)
th(vsYNC) HSYNC/VSYNC/DE output hold time 0 -
th(DE)

3

1. Based on test during characterization.

Figure 76. LCD-TFT horizontal timing diagram

(CLK ¥
] r ] :_= ]
LCD_CLK ||l.||.||||||||||||...||||.|||
d L d d d tad 1 ! <4 !
LCD_VSYNC ! i i .
tv(HSYNC)Pire | i b tV(HSYNC) -Prie
LCD_HSYNC | A..... J: i Lo ! -
L nop) e th(DE) -b—¢- P
LCD_DE __ 5 / Lo L_
L MOATA) e | |
LCD_R[0:7] i : | b ,__‘ ! :
eocen T OO E
| ! | »—¢ th(DATA) ! |
e -
EHSYNC Horizonta! Active width Horizontal |
' width back porch back porch i
' One line I
MS32749V1
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Figure 90. LQFP176 recommended footprint
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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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