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Chapter 1

Latest Version of This Document

Check the link to make sure that you use the latest version of this document: https://docs.espressif.com/projects/
esp-hardware-design-guidelines/en/latest/esp32p4/index.html

1.1 About This Document

1.1.1 Introduction

The hardware design guidelines advise on how to integrate ESP32-P4 into a product. These guidelines will help to
achieve optimal performance of your product, ensuring technical accuracy and adherence to Espressif’ s standards.
The guidelines are intended for hardware and application engineers.

1.1.2 Latest Version of This Document

Check the link to make sure that you use the latest version of this document: https://docs.espressif.com/projects/
esp-hardware-design- guidelines/en/latest/esp32p4/index.html

1.2 Product Overview

ESP32-P4 is a system on a chip that integrates the following features:

» High-performance MCU with RISC-V 32-bit dual-core and single-core microprocessors
* Powerful image and voice processing capability

e 16 MB or 32 MB PSRAM in the chip’ s package

* 55 GPIOs, rich set of peripherals

Powered by 40 nm technology, ESP32-P4 provides a robust, highly-integrated platform, which helps meet the con-
tinuous demands for efficient power usage, compact design, security, high performance, and reliability. Typical
application scenarios for ESP32-P4 include:

¢ Smart Home
¢ Industrial Automation
¢ Health Care
¢ Consumer Electronics
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¢ Smart Agriculture

* POS Machines

* Service Robot

* Audio Devices

¢ Generic Low-power IoT Sensor Hubs
* Generic Low-power [oT Data Loggers
* Cameras for Video Streaming

» USB Devices

» Speech Recognition

¢ Image Recognition

¢ Touch and Proximity Sensing

Note: Unless otherwise specified, “ESP32-P4” used in this document refers to the series of chips, instead of a
specific chip variant.

1.3 Schematic Checklist

1.3.1 Overview

The integrated circuitry of ESP32-P4 series chips requires only 40 electrical components (resistors, capacitors, and
inductors) and a crystal, as well as an SPI flash and a direct current to direct current converter (DCDC). The high
integration of ESP32-P4 allows for simple peripheral circuit design. This chapter details the schematic design of
ESP32-P4.

The following figure shows a reference schematic design of ESP32-P4. It can be used as the basis of your schematic
design.

Any basic ESP32-P4 circuit design includes the following major building blocks:

* Power supply

* Chip power-up and reset timing
 Flash and PSRAM
¢ Clock source

e UART

* Strapping pins

* GPIO

e ADC

* SDIO

* USB

e Touch sensor

e Ethernet MAC

o MIPI

The rest of this chapter details the specifics of circuit design for each of these sections.

1.3.2 Power Supply

The general recommendations for power supply design are:

¢ For a single power supply, a voltage of 3.3 V is recommended.
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Fig. 1: ESP32-P4 Reference Schematic
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» Without external peripherals, ESP32-P4 requires a minimum supply current of 430 mA. For the supply current
when peripherals are connected, please refer to HP/LP 10 Power Supply, MIPI PHY Power Supply and USB PHY
Power Supply. Calculate the required supply current based on your application and choose an appropriate power
supply chip.

« It is suggested to add a 10 uF capacitor at each power entrance.

* The power scheme is as shown in Figure ESP32-P4 Power Scheme.

> Flash »  DCDC

VDD_LDO VDD_FLASHIO voD_LP VDD_BAT VDD_ANA VDD_DCDCC  EN_DCDC FB_DCDC! VDD_HP_0/213  VDD_IO_0/4/5/6 VOD_USBPHY ~ VDD_MIPLDPHY ~ VDD_PSRAM_0/1

L b
[

UsB2.0

VDD_PSRAM LDO LDO x4 Flash 10 Pio LPLDO HP LDO Hy

L
L
vosoo
|

V04100

HP IO MIPI_DPHY PSRAM

Low Power High

System

ESP32-P4

System

Fig. 2: ESP32-P4 Power Scheme

More information about power supply pins can be found in ESP32-P4 Series Datasheet > Section Power Supply.

HP/LP 10 Power Supply

Pin| Pin Name Di- | Voltage (V) Max.  Cur- | 10 Pin Capacitors (uF)

No. rec- rent (mA)
tion

9 VDD_LP In- | 3.0~3.6 100 LPIO 0.1
put

21 | VDD_IO_O In- | 1.65 ~ | 100 HP IO 0.1
put| 1.95/3.0~3.6

62 | VDD_IO_4 In- | 1.65 ~ | 100 HP IO 0.1
put | 1.95/3.0~3.6

85 | VDD_IO_5' In- | 1.65 ~ | 100 HP IO 0.1
put | 1.95/3.0~3.6

96 | VDD_IO_6 In- | 1.65 ~ | 100 HP IO 0.1
put| 1.95/3.0~3.6

MIPI PHY Power Supply

The VDD_MIPI_DPHY of ESP32-P4 is the power supply pin for MIPI PHY. The operating voltage range is 2.25
V ~ 2.75 V. The maximum current consumption is 50 mA. It is recommended to use the internal voltage regulator
for power supply, and place 10 nF + 0.1 uF + 1 uF capacitors near VDD_MIPI_DPHY in the circuit.

If the MIPI function is not required, VDD_MIPI_DPHY can be left floating.

Attention: The voltage level of MIPI signals is defined by the MIPI specification. For details, please refer to the
relevant MIPI protocol documentation. Note that this is a different concept from the MIPI DPHY voltage level.
The 1.8 V/3.3 V levels mentioned in Camera/Display Datasheet refer to signals other than the MIPI signals (Data
Lane & CLK), such as MCLK and I2C. The voltage level of MIPI signals is handled internally by the ESP32-P4’
s built-in MIPI DPHY and requires no additional configuration.

U If VDD_IO_S5 is used as the IO power supply for SD 3.0 interface, please refer to SDIO for the circuit reference.

Espressif Systems 6 Release master
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USB PHY Power Supply

The VDD_USBPHY of ESP32-P4 is the power supply pin for USB PHY. The operating voltage range is 2.97 V ~
3.63 V. The maximum current consumption is 20 mA. It is recommended to place 10 nF + 0.1 uF + 1 uF capacitors
near VDD_USBPHY in the circuit.

If the high-speed USB 2.0 OTG function is not required, VDD_USBPHY can be left floating. When this power
supply is used, it cannot be completely turned off, causing additional power consumption in low-power mode. To
reduce power consumption, it is recommended to add a MOSFET circuit to fully disconnect it from the external
power supply. Initially, a series resistor can be reserved on VDD_USBPHY.

ESP_3V3
GP1024 T
—VDD_USBPHY ~_ R3f 0
USB DP NN
—SB DM _ksz _Igs _k34
— ST REXT
—CSI DATATP —IEnF AUF W7UF
—CSI DATAIN
—CST CLRN = = =
—CSI CLRP GND GND GND

Fig. 3: VDD_USBPHY Reference Schematic

Flash and PSRAM IO Power Supply

The VDD_FLASHIO of ESP32-P4 is the power supply pin for FLASH IO. The operating voltage is 1.65 V ~ 1.95
V/3.0 V ~ 3.6 V. This power is supplied by VDDO_FLASH from the voltage regulator. It is recommended to place
0.1 uF + 1 pF capacitors near VDD_FLASHIO in the circuit.

VDD_PSRAM_0 and VDD_PSRAM_1 are power supply pins for PSRAM IO. The operating voltage is 1.65 V ~
1.95 V. This power is supplied by VDDO_PSRAM from the voltage regulators. It is recommended to place 0.1 uF
+ 1 uF capacitors near VDD_PSRAM_0 and VDD_PSRAM_1 in the circuit.

Analog Power Supply

The VDD_ANA of ESP32-P4 is an analog power supply pin. The operating voltage range is 3.0 V ~ 3.6 V. It is
recommended to place a 0.1 uF capacitor near VDD_ANA in the circuit. The VDD_BAT is also an analog power
supply pin. The operating voltage range is 3.0 V ~ 3.6 V. It is recommended to place 0.1 uF + 10 uF capacitors near
VDD_BAT.

Pin VDD_BAT must not be left floating. An external battery can be connected. For details, refer to the ESP32-P4
Battery Backup Solution.

Digital Power Supply

VDD_HP_0, VDD_HP_2, and VDD_HP_3 of the ESP32-P4 are digital power supply pins, working in a voltage
range of 0.99 V ~ 1.3 V. This power is supplied by ESP_VDD_HP from the external DCDC. It is recommended to
place a 10 uF capacitor at the main power source and 0.1 uF capacitors near each power pin.

Internal Voltage Regulators and External DCDC

The VDD_LDO of ESP32-P4 provides power for the low dropout regulators (LDOs). The operating voltage ranges
from 3.0 V to 3.6 V. VDD_DCDCC provides power for DCDC. The operating voltage ranges from 3.0 V to 3.6 V.
Due to the high current on these pins, place a 10 uF capacitor on the power traces of VDD_LDO and VDD_DCDCC,
and add a 0.1 uF capacitor at each pin.
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The LDO outputs VDDO_FLASH to power the external flash. The default output is 3.3 V, but it can be configured
to 1.8 V by programming EFUSE_OPXA_TIEH_SEL_O.

Note: Before configuring the eFuse, VDDO_FLASH outputs a default voltage of 3.3 V. Connectingittoa 1.8 V
flash at this time poses a risk. Therefore, when using a 1.8 V flash, it is recommended to place a jumper between
VDDO_FLASH and VDD_FLASHIO, and only supply power to the flash after confirming that VDDO_FLASH
voltage is 1.8 V.

Table 1: VDDO_FLASH Voltage

‘ Power EFUSE_OPXA_TIEH_SEL_0 Voltage
flash LDO 0 33V
2 1.8V

The LDO outputs VDDO_PSRAM to power the in-package PSRAM. The typical output voltage is 1.9V, which
requires software configuration. The default output is 0.

The LDO outputs VDDO_3/4 to power the peripherals. The maximum output current is 50 mA. The output voltage
ranges from 0.5V to 2.7V/3.3V, which also requires software configuration. The default output is O.

For software configuration, please refer to Low Dropout Linear Regulator (LDO).

It is recommended to place a 1 uF capacitor near the VDDO_FLASH, VDDO_PSRAM, and VDDO_3/4 in the
circuit.

The VDD_HP_0/2/3 is powered by an external DC-DC converter (DCDC), with the following details:

 The input of the external DCDC is the same as the VDD_DCDCC power supply.

e EN_DCDC is the enable pin of the external DCDC. In download mode or when there is no firmware, the voltage
on EN_DCDC is 0. After the firmware starts normally, EN_DCDC is controlled internally. In download mode,
the EN_DCDC voltage remains at 0. In sleep mode, this pin can be used to disable the power supply to reduce
power consumption.

* FB_DCDC is the feedback pin of the external DCDC.

¢ EN_DCDC and FB_DCDC pins are fully controlled by the internal circuitry of ESP32-P4 by default. Be sure
to connect them to the EN and FB pins of the external DCDC, respectively. For PCB layout, you must reserve
pad locations for the feedback resistor and feedback capacitor (components not required), and ensure that the
DCDC is placed close to the ESP32-P4.

Please use verified DCDC models: ETA3485, SY8088, RY3420, or TLV62569. The input/output specifications and
inductor parameters should follow the respective datasheets. Below is the circuit design for TLV62569.

ESP_3V3 U1 ESP_VDD_HP
T | 3 L1~y 2 ° ° T
41N sw 3L 2.2uH

‘ 1 EN_DCDC | e l ‘ .
— 2 5 FB_DCDC =

4.7 uF GND FB 02 uF
GND GND GND GND

Fig. 4: TLV62569 Schematic
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1.3.3 Chip Power-up and Reset Timing

ESP32-P4’ s CHIP_PU pin can enable the chip when it is high and reset the chip when it is low.

When ESP32-P4 uses a 3.3 V system power supply, the power rails need some time to stabilize before CHIP_PU
is pulled up and the chip is enabled. Therefore, CHIP_PU needs to be asserted high after the 3.3 V rails have been
brought up.

To reset the chip, keep the reset voltage Vi _yrst in the range of (-0.3 ~ 0.25 x VDD_BAT) V. To avoid reboots
caused by external interferences, make the CHIP_PU trace as short as possible.

Figure ESP32-P4 Power-up and Reset Timing shows the power-up and reset timing of ESP32-P4.

tsTBRL rsT

—

28V

Power supply pins

ViL_nRsT

Chip enable pin

Fig. 5: ESP32-P4 Power-up and Reset Timing

Table Description of Timing Parameters for Power-up and Reset provides the specific timing requirements.

Table 2: Description of Timing Parameters for Power-up and Reset

Parameter Description Minimum (us)
tsTBL Time reserved for the power rails to stabilize before the CHIP_PU | 50
pin is pulled high to activate the chip
tRST Time reserved for CHIP_PU to stay below Vi _nrst to reset the | 1000
chip
Attention:

¢ CHIP_PU must not be left floating.
 To ensure the correct power-up and reset timing, it is advised to add an RC delay circuit at the CHIP_PU
pin. The recommended setting for the RC delay circuit is usually R = 10 kQ and C = 0.1 uF. However,
specific parameters should be adjusted based on the characteristics of the actual power supply and the
power-up and reset timing of the chip.
« If the user application has one of the following scenarios:
— Slow power rise or fall, such as during battery charging.
— Frequent power on/off operations.
— Unstable power supply, such as in photovoltaic power generation.
Then, the RC circuit itself may not meet the timing requirements, resulting in the chip being unable to boot
correctly. In this case, additional designs need to be added, such as:
— Adding an external reset chip or a watchdog chip, typically with a threshold of around 3.0 V.
— Implementing reset functionality through a button or the main controller.

1.3.4 Flash and PSRAM

ESP32-P4 requires off-package flash for storing application firmware and data. ESP32-P4 supports up to 64 MB
flash, which can be connected via SPI, Dual SPI, and Quad SPI.

ESP32-P4 includes OPI/HPI 1.8 V PSRAM, which is not pinned out externally.
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The following table lists the pin mapping between ESP32-P4 and off-package flash for Quad SPI mode. Please note
that the pins can connect to one flash at the maximum.

Table 3: Mapping of chip and package to Quad SPI Flash pins

ESP32-P4 External Package Flash (Quad SPI)
FLASH_CK CLK

FLASH_CS CS#

FLASH_D DI

FLASH_Q DO

FLASH_WP WP#

FLASH_HOLD HOLD#

By default, VDDO_FLASH is used as the power supply for flash, and VDDO_PSRAM is used as the power supply
for PSRAM.

When VDDO_FLASH is in the output mode of 3.3 V, consider the impact of Rygg on VDD_LDO. For example,
when connecting a 3.3 V flash, the following condition must be met:

VDD_LDO > VDD_flash_min + I_flash_max X Ryrp

In the formula above, VDD_flash_min is the minimum operating voltage of the flash, I_flash_max is the maximum
operating current of the flash, and Rypg is the on-resistance in 3.3 V mode.

Attention:

* It is recommended to add zero-ohm resistor footprints in series on the SPI communication lines. These
footprints provide flexibility for future adjustments, such as tuning drive strength, mitigating RF interfer-
ence, correcting signal timing, and reducing noise, if needed.

¢ Place a pull-up resistor at the FLASH_CS pin.

* Itis recommended to place a 0.1 uF capacitor at the flash power supply pin.

1.3.5 Clock Source

ESP32-P4 supports two external clock sources:

e External crystal clock source (Compulsory)
e RTC clock source (Optional)

External Crystal Clock Source (Compulsory)

The ESP32-P4 firmware only supports 40 MHz crystal.

The circuit for the crystal is shown in Figure ESP32-P4 Schematic for External Crystal. Note that the accuracy of the
selected crystal should be within =10 ppm.

The initial values of external capacitors C4 and C5 can be determined according to the formula:

C4 x Ch

CL=Gitcs

Cst?“ay

In the formula above, the value of C (load capacitance) can be found in the crystal’ s datasheet, and the value of
Ciiray refers to the PCB’ s stray capacitance. The values of C4 and C5 need to be further adjusted after an overall
test.
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Fig. 6: ESP32-P4 Schematic for External Crystal

RTC Clock Source (Optional)

ESP32-P4 supports an external 32.768 kHz crystal to act as the RTC clock. The external RTC clock source enhances
timing accuracy and consequently decreases average power consumption, without impacting functionality.

Figure ESP32-P4 Schematic for 32.768 kHz Crystal shows the schematic for the external 32.768 kHz crystal.

GPIO0 - o 18D H C126 “l'GND
P N
N
& Y3
32.768KHz
O |
GPIO1 [ I
¢ “TBD|[Ci27 |||G'ND

Fig. 7: ESP32-P4 Schematic for 32.768 kHz Crystal

Please note the requirements for the 32.768 kHz crystal:

» Equivalent series resistance (ESR) < 70 kQ.
 Load capacitance at both ends should be configured according to the crystal’ s specification.

The parallel resistor R is used for biasing the crystal circuit (5 MQ < R < 10 MQ). In general, you do not need to
populate the resistor.

If the RTC clock source is not required, then the pins for the 32.768 kHz crystal can be used as GPIOs.

1.3.6 UART

ESP32-P4 includes five UART interfaces, UARTO ~ UART4, all of which support both hardware flow control (CTS
and RTS signals) and software flow control (XON and XOFF). In addition, ESP32-P4 includes one LP UART in-
terface, which also supports both hardware flow control (CTS and RTS signals) and software flow control (XON and
XOFF).

The UARTO_TXD pin is GPIO37, and the UARTO_RXD pin is GPIO38. The other UARTO signals can be mapped
to any available GPIO through software configurations. The LP UART TXD is LP GPIO14, and the LP UART RXD
is LP GPIO15. The other LP UART signals can be mapped to any available GPIO through software configurations.

Typically, UARTO is used for download and log printing. For instructions on how to download via UARTO, please
refer to Section Download Guidelines.
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It is recommended to use UART1 ~ UART4 as communication serial ports.

1.3.7 SPI

When using the SPI function, to improve EMC performance, add a series resistor (or ferrite bead) and a capacitor
to ground on the SPI_CLK trace. If space allows, it is recommended to also add a series resistor and capacitor to
ground on other SPI traces. Ensure that the RC/LC components are placed close to the pins of the chip or module.

1.3.8 Strapping Pins

At each startup or reset, a chip requires some initial configuration parameters, such as in which boot mode to load
the chip, etc. These parameters are passed over via the strapping pins. After reset, the strapping pins work as normal
function pins.

GPIO34, GPIO35, GP1036, GPIO37, and GPIO38 are strapping pins.

All the information about strapping pins is covered in ESP32-P4 Series Datasheet > Section Boot Configurations. In
this document, we will mainly cover the strapping pins related to boot mode.

After chip reset is released, the combination of GPIO35, GP1I036, GPIO37, and GPIO38 controls the boot mode.
See Table Chip Boot Mode Control.

Table 4: Chip Boot Mode Control

Boot Mode GPIO35 GPIO36 GPIO37 GPIO38
SPI Boot Mode (Default) 1 Any value Any value Any value
Joint Download Mode” 0 1 Any value Any value

Signals applied to the strapping pins should have specific setup time and hold time. For more information, see Figure
Setup and Hold Times for Strapping Pins and Table Description of Timing Parameters for Strapping Pins.

Table 5: Description of Timing Parameters for Strapping Pins

Parameter Description Minimum (ms)
tsu Time reserved for the power rails to stabilize before the chip enable | 0
pin (CHIP_PU) is pulled high to activate the chip.
ty Time reserved for the chip to read the strapping pin values after | 3
CHIP_PU is already high and before these pins start operating as
regular IO pins.
Attention:
* It is recommended to reserve a pull-up resistor at the GPIO35.
* Do not add high-value capacitors at GPIO35, otherwise, the chip may not boot successfully.

1.3.9 GPIO

The pins of ESP32-P4 can be configured via IO MUX or GPIO matrix. IO MUX provides the default pin configura-
tions (see ESP32-P4 Series Datasheet > Appendix ESP32-P4 Consolidated Pin Overview), whereas the GPIO matrix

2 The following download methods are supported under Joint Download Mode:
* USB Download Boot:
— USB-Serial-JTAG Download Boot
— USB 2.0 OTG Download Boot
¢ UART Download Boot
* SPI Slave Download Boot
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VFH_ nRST — — — — —

Chip enable pin

Strapping pin

Fig. 8: Setup and Hold Times for Strapping Pins

is used to route signals from peripherals to GPIO pins. For more information about IO MUX and GPIO matrix,
please refer to ESP32-P4 Technical Reference Manual > Chapter 10 MUX and GPIO Matrix.

Some peripheral signals have already been routed to certain GPIO pins, while some can be routed to any available
GPIO pins. For details, please refer to ESP32-P4 Series Datasheet > Section Peripherals.

When using GPIOs, please:

* Pay attention to the states of strapping pins during power-up.
 Pay attention to the default configurations of the GPIOs after reset. The default configurations can be found
in Table IO MUX Pin Functions. It is recommended to add a pull-up or pull-down resistor to pins in the
high-impedance state or enable the pull-up and pull-down during software initialization to avoid extra power

consumption.

¢ Only GPIOs in the VDD_LP power domain can be controlled in Deep-sleep mode.
* When powered solely by the battery, only GPIOs in the VDD_BAT power domain can be controlled.

Table 6: I0 MUX Pin Functions

Pin Number | Pin Name | Power Supply Pin At Reset | After Reset

1 GPIO1 VDD_LP/VDD_BAT | - -

2 GPIO2 VDD_LP/VDD_BAT | — IE, WPU

3 GPIO3 VDD_LP/VDD_BAT | — IE

4 GPI1O4 VDD_LP - IE

5 GPIOS VDD_LP - -

6 GPIO6 VDD_LP - -

7 GPI1O7 VDD_LP - -

8 GPIOS8 VDD_LP - -

10 GPIO9 VDD_LP - -

11 GPIO10 VDD_LP - -

12 GPIO11 VDD_LP - -

13 GPIO12 VDD_LP - -

14 GPIO13 VDD_LP - -

15 GPIO14 VDD_LP - -

16 GPIO15 VDD_LP - -
continues on next page
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Table 6 - continued from previous page

Pin Number | Pin Name | Power Supply Pin At Reset | After Reset
17 GPIO16 VDD_IO_0 - -
18 GPIO17 VDD_IO_0 - -
19 GPIO18 VDD_IO_0 - -
20 GPIO19 VDD_IO_0 - -
22 GPIO20 VDD_IO_0 - -
23 GPIO21 VDD_IO_0 - -
24 GP1022 VDD_IO_0 - -
25 GPI1O23 VDD_IO_0 - -
52 GPI1024 VDD_IO_4 - -
53 GPIO25 VDD_IO_4 - IE, USB_PU
55 GPIO26 VDD_IO_4 - -
56 GPI1O27 VDD_IO_4 - -
57 GPI1028 VDD_IO_4 - -
58 GPIO29 VDD_IO_4 - -
60 GPIO30 VDD_IO_4 - -
61 GPIO31 VDD_IO_4 - -
63 GPIO32 VDD_IO_4 IE -
64 GPIO33 VDD_IO_4 1IE -
65 GPIO34 VDD_IO_4 1IE -
66 GPIO35 VDD_IO_4 IE, WPU | -
68 GPIO36 VDD_IO_4 IE -
69 GPI1IO37 VDD_IO_4 1IE -
70 GPIO38 VDD_IO_4 1IE -
80 GPIO39 VDD_IO_5 - -
81 GPIO40 VDD_IO_5 - -
82 GPI1O41 VDD_IO_5 - -
83 GPIO42 VDD_IO_5 - -
84 GPI0O43 VDD_IO_5 - -
86 GPI10O44 VDD_IO_5 - -
87 GPIO45 VDD_IO_5 - -
88 GPIO46 VDD_IO_5 - -
89 GPI1047 VDD_IO_5 - -
90 GPIO438 VDD_IO_5 - -
92 GPIO49 VDD_IO_6 - -
93 GPIO50 VDD_IO_6 - -
94 GPIOS1 VDD_IO_6 - -
95 GPIOS52 VDD_IO_6 - -
97 GPIO53 VDD_IO_6 - -
98 GPIO54 VDD_IO_6 - -
104 GPIOO VDD_LP/VDD_BAT | — -
1.3.10 ADC

When using the ADC function, place a 0.1 uF capacitor to ground near the pin to improve accuracy.
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ADC Channel Signal Pin Name
ADCI1_CHANNELO GPIO16
ADCI1_CHANNELI GPIO17
ADC1_CHANNEL2 GPIO18
ADCI_CHANNELS3 GPIO19
ADC1_CHANNEL4 GPIO20
ADCI_CHANNELS5 GPI1021
ADCI1_CHANNELG6 GPIO22
ADCI1_CHANNEL7 GPI1023
ADC2_CHANNELO GPIO49
ADC2_CHANNELI GPIO50
ADC2_CHANNEL?2 GPIO51
ADC2_CHANNELS3 GPIO52
ADC2_CHANNEL4 GPIO53
ADC2_CHANNELS GPIO54

1.3.11 SDIO

ESP32-P4 series chips have only one SD/MMC host controller, which cannot operate as a slave. SDIO 2.0 and SDIO
3.0 interfaces require time-division multiplexing.

SDIO 2.0 interface signals can be configured to any available GPIO through the GPIO matrix. However, in SDIO
3.0 interface, certain signal pins are fixed and should be connected as specified in the table below.

Additionally, it is recommended to add one series pull-up resistor for the each SDIO GPIO pin and populate a
capacitor to ground on the SDIO CLK line.

SDIO 3.0 protocol specifies that the voltage of SDIO GPIOs should switch automatically. Therefore, it is recom-
mended to connect the SDIO GPIO power domain VDD_IO_5 and the external pull-up power supply to VDDO_4.
Additionally, a 10 uF capacitor should be populated to VDD_IO_5. The SD card’ s power supply should be connected
to the 3.3 V power supply of the system.

VDDO_4 VDDO_4 © VDDIO (1.8V/3.3V) SD1_VDD
g2 32 A i
VDD_IO 5 R 6N
AR A A Q|2 (@2
P P P P P P
J21
D1 D
Q8 ngDg ; DATA2
NMOS SD1_CMD 3 g'I\DA/DDATAS
e D1 VDD 7
ESP_3V30——¢ o1 a S VDD
- SD1_CLK
14 _ g CLK
o SD1_DO = \éi%\
c15 [c14 SDiDi 3 DATA?
R1 —— —— TSDDET 9
3 = Ts To-| €D
o N
PO >D>—4 5 |5 SN S
o bs p7 P4 3 s p11p10ps 12 gg
G4
TF_CARD
10K N
—_— r— é —_
GND GND GND GND

Fig. 9: ESP32-P4 SD 3.0 Card Power Circuit

To reduce the power consumption of the SD card and reset it, you can populate a MOSFET at the power supply
circuit of SD card and control it via GPIO.

Espressif Systems 15 Release master
Submit Document Feedback


https://www.espressif.com/en/company/documents/documentation_feedback?docId=8877&sections=&version=Release master%20for ESP32-P4

Chapter 1. Latest Version of This Document

Table 7: SDIO 3.0 Interface Configuration

Signal Pin Name
SD1_CDATAO_PAD GPIO39
SD1_CDATAI1_PAD GPIO40
SD1_CDATA2_PAD GPIO41
SD1_CDATA3_PAD GPI1042
SD1_CCLK_PAD GPIO43
SD1_CCMD_PAD GPI1044
SD1_CDATA4_PAD GPIO45
SD1_CDATAS_PAD GPIO46
SD1_CDATA6_PAD GP1047
SD1_CDATA7_PAD GPI1048
1.3.12 USB

ESP32-P4 integrates a USB serial/JTAG controller that uses GPIO24 and GPIO25 as USB D- and USB D+ by
default.

ESP32-P4 also features an full-speed USB On-The-Go (OTG) peripheral with an integrated transceiver, compliant
with USB 2.0 specifications. By default, the full-speed USB OTG uses GP1026 and GPIO27 as USB D- and USB
D+.

When using the USB serial/JTAG controller and full-speed USB OTG, please note the following:

 The roles of the USB D- and USB D+ pins can be swapped.

* If only one function is in use, you can select either GP1024/GPI025 or GP1026/GP1027.

* If both functions are used simultaneously, GP1024/GPI1025 and GP1IO26/GPIO27 will serve as two separate
pins for each function.

ESP32-P4 also features a high-speed USB OTG peripheral with an integrated transceiver, compliant with USB 2.0
specifications, where DM and DP respectively serve as USB D- and USB D+.

It is recommended to add a 22/33 Q series resistor and optional ground capacitors on the Full-speed USB D- and
USB D+ lines. These components should be placed close to the chip end.

9]
pd
w}

]

J1
USB_DP Rf 22/33 | 1
USE _DM_RI& A\IA22/33 2
chip side

usB

I

[0)]
2
O

Fig. 10: ESP32-P4 USB RC Circuit

At the USB connector end, it is advisable to include ESD protection diodes. When using a high-speed USB OTG
peripheral, the parasitic capacitance of the diode should not exceed 1 pF to avoid poor signal quality and unstable
transmission.

ESP32-P4 also supports downloading via USB. For details, please refer to Strapping Pins.
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1.3.13 Touch Sensor

When using the touch function, it is recommended to populate a series resistor at ESP32-P4 side to reduce the
coupling noise and interference on the line, and to strengthen the ESD protection. The recommended resistance is
from 470 Q to 2 kQ, preferably 510 Q. The specific value depends on the actual test results of the product.

The ESP32-P4 touch sensor has a waterproof design to reduce the impact of small water droplets. The ESP32-P4
touch sensor includes a special PAD called the Shield Pad. You can choose any touch pin as the Shield Pad, which
will be connected in parallel with the currently measured touch pin, effectively reducing the impact of water droplets.

1.3.14 Ethernet MAC

Refer to the table below for the GPIO configuration of the EMAC RMII interface.

Table 8: EMAC Interface Configuration

Signal Pin Name

RMII_RXDV GPIO28, GPIO45, GPIO51
RMII_RXDO GPI1029, GP1046, GPIO52
RMII_RXD1 GPIO30, GP1047, GPIO53
RMII_RXER GPIO31, GPIO48, GPIO54
RMII_CLK GPI1032, GP1044, GPIO50
RMII_TXEN GPIO33, GPI0O40, GPIO49
RMII_TXDO GPI034, GPIO41
RMIL_TXDI1 GPIO35, GPIO42
RMII_TXER GPI036, GPIO43

It is recommended to populate a series resistor on the RMII CLK line.

Please note that the clock signal in the RMII interface is input-only. If you need a clock output solution, please use
the REF_50M_CLK_PAD signal (GP1023/GP1039).

1.3.15 MIPI

ESP32-P4 includes an MIPI DSI interface for connecting displays with an MIPI interface, and an MIPI CSI interface
for connecting cameras with an MIPI interface. Please populate a 4.02 kQ pull-down resistor to both the CSI_REXT
pin and DSI_REXT pin.

It is recommended to reserve series resistors on the MIPI communication lines (initially O ©2). The main purposes are
to reduce drive current, adjust timing, and improve interference resistance.

If an RF module is included in the design, please also add series resistors on the CSI interface at the device end to
minimize interference with the RF module.

Attention:

« If the MIPI interface is not used, the power and external resistor pins can be left floating.
» For MIPI interface devices, please use GPIO for control signals.

1.4 PCB Layout Design

This chapter introduces the key points of how to design an ESP32-P4 PCB layout using an ESP32-P4 development
board as an example.
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Fig. 11: ESP32-P4 Schematic for MIPI Signal

1.4.1 General Principles of PCB Layout for the Chip

Considering the communication quality of high-speed signal lines and potential interference with the RF module,
please use at least a four-layer PCB design, as follows:

Layer 1 (TOP): Signal traces and components.

Layer 2 (GND): No signal traces here to ensure a complete GND plane.

Layer 3 (POWER): Route power traces here. If possible, route high-speed signal traces here and ensure a
complete reference plane.

Layer 4 (BOTTOM): Route some signal traces here.

General Guidelines

Whenever possible, route the power traces on the inner layers (not the ground layer) and connect them to the
chip pins through vias. Ensure the power traces are surrounded by ground copper.

The trace width for the 3.3 V main power supply should be at least 25 mil.

For the power traces of VDD_LP, VDD_IO_0, VDD_IO_4, VDD_IO_5 and VDD_IO_6, use a trace width
of at least 10 mil. Place a 10 uF capacitor at the power entry point for this series of power supply and a 0.1 uF
capacitor for each power pin.

The trace width for the main power supply traces of VDD_HP_0, VDD_HP_2, and VDD_HP_3 should be
at least 20 mil. Place a 10 pF capacitor at the power entry point for this series of power supply and a 0.1 uF
capacitor for each power pin.

For VDD_LDO and VDD_DCDCC, which handle higher current, use a trace width of at least 20 mil and
place a 10 uF capacitor close to each power pin.

It is recommended to use a star routing method to distribute power traces to each power pin.

Because the VDD_HP power supply is by default fully controlled internally by ESP32-P4, the external DCDC
should be placed close to the chip to ensure that the input, output, and feedback loops are as short as possible.

1.4.2 Crystal

Figure ESP32-P4 Crystal Layout shows a reference PCB layout of crystal design.

The layout of the crystal should follow the guidelines below:

Ensure a complete GND plane for the crystal and chip.

The crystal should be placed far from the clock pin to avoid interference on the chip. The gap should be at least
4.5 mm. It is good practice to add high-density ground vias stitching around the clock trace for better isolation.
There should be no vias for the clock input and output traces.

Components in series to the crystal trace should be placed close to the chip side.

The external matching capacitors should be placed on the two sides of the crystal, preferably at the end of the
clock trace, but not connected directly to the series components. This is to make sure the ground pad of the
capacitor is close to that of the crystal.

Do not route high-frequency digital signal traces under the crystal. It is recommended not to route any signal
trace under the crystal. The vias on the power traces on both sides of the crystal clock trace should be placed as
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Fig. 12: ESP32-P4 Crystal Layout

far away from the clock trace as possible, and the two sides of the clock trace should be surrounded by ground
copper.

As the crystal is a sensitive component, do not place any magnetic components nearby that may cause inter-
ference, for example large inductance component, and ensure that there is a complete large-area ground plane
around the crystal.

14.3 USB

The USB layout should meet the following guidelines:

Reserve space for resistors and capacitors on the USB traces close to ESP32-P4.

Use differential pairs with a differential impedance of 90 Q with a tolerance of £10%. Use differential pairs
and route them in parallel at equal lengths.

USB differential traces should minimize via transitions as much as possible to ensure better impedance control
and avoid signal reflections. If vias are necessary, add a pair of ground return vias at each transition point.
Ensure there is a continuous reference layer (a ground layer is recommended) beneath the USB traces.
Surround the USB traces with ground copper.

144 SDIO

The SDIO layout should follow the guidelines below:

Minimize parasitic capacitance of SDIO traces as they involve high-speed signals.

The trace lengths for SDIO_CMD and SDIO_DATAO ~ SDIO_DATA3 should be within +50 mil of the
SDIO_CLK trace length. Use serpentine routing if necessary.

For SDIO routing, maintain a 50 Q single-ended impedance with a tolerance of £10%.

Keep the total trace length from SDIO GPIOs to the master SDIO interface as short as possible, ideally within
2000 mil.

Ensure that SDIO traces do not cross layers. Besides, a reference plane (preferably a ground plane) must be
placed beneath the traces, and continuity of the reference plane must be ensured.

It is recommended to surround the SDIO_CLK trace with ground copper.

For multi-layer PCB designs, it is recommended to route SDIO traces to an inner layer through vias immediately
after being drawn out from the chip. This helps minimize interference with high-speed signal lines. Add a pair
of ground return vias at each via transition point.
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1.4.5 Touch Sensor

ESP32-P4 offers up to 14 capacitive IOs that detect changes in capacitance on touch sensors due to finger contact or
proximity. The chip’ s internal capacitance detection circuit features low noise and high sensitivity. It allows to use
touch pads with smaller area to implement the touch detection function. You can also use the touch panel array to
detect a larger area or more test points.

Figure ESP32-P4 Typical Touch Sensor Application depicts a typical touch sensor application.

____________ L +------Protective cover
------- Substrate

P ESP CHIP
—_—
| _|
[ ]
-

Elecfrode

Fig. 13: ESP32-P4 Typical Touch Sensor Application

To prevent capacitive coupling and other electrical interference to the sensitivity of the touch sensor system, the
following factors should be taken into account.

Electrode Pattern

The proper size and shape of an electrode improves system sensitivity. Round, oval, or shapes similar to a human fin-
gertip are commonly applied. Large size or irregular shape might lead to incorrect responses from nearby electrodes.

Figure ESP32-P4 Electrode Pattern Requirements shows the proper and improper size or shape of electrode. Please
note that the examples illustrated in the figure are not of actual scale. It is suggested to use a human fingertip as
reference.

PCB Layout

Figure ESP32-P4 Sensor Track Routing Requirements illustrates the general guidelines to routing traces. Specifically,

* The trace should be as short as possible and no longer than 300 mm.

¢ The trace width (W) can not be larger than 0.18 mm (7 mil).

¢ The alignment angle (R) should not be less than 90°.

 The trace-to-ground gap (S) should be in the range of 0.5 mm to 1 mm.
 The electrode diameter (D) should be in the range of 8 mm to 15 mm.

» Hatched ground should be added around the electrodes and traces.

¢ The traces should be isolated well and routed away from that of the antenna.

Waterproof and Proximity Sensing Design

ESP32-P4 touch sensor has a waterproof design and features proximity sensor function. Figure ESP32-P4 Waterproof
and Proximity Sensing Design shows an example layout of a waterproof and proximity sensing design.

Note the following guidelines to better implement the waterproof and proximity sensing design:

¢ The recommended width of the shield electrode width is 2 cm.
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Fig. 14: ESP32-P4 Electrode Pattern Requirements
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Fig. 15: ESP32-P4 Sensor Track Routing Requirements
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O Touch sensor (TOUCH1 ~ TOUCH14)
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[] shied electrode (TOUCH14)

Fig. 16: ESP32-P4 Waterproof and Proximity Sensing Design

Employ a grid on the top layer with a trace width of 7 mil and a grid width of 45 mil (25% fill). The filled grid
is connected to the driver shield signal.

Employ a grid on the bottom layer with a trace width of 7 mil and a grid width of 70 mil (17% fill). The filled
grid is connected to the driver shield signal.

The protective sensor should be in a rectangle shape with curved edges and surround all other sensors.

The recommended width of the protective sensor is 2 mm.

The recommended gap between the protective sensor and shield sensor is 1 mm.

The sensing distance of the proximity sensor is directly proportional to the area of the proximity sensor. How-
ever, increasing the sensing area will introduce more noise. Actual testing is needed for optimized performance.
It is recommended that the shape of the proximity sensor is a closed loop. The recommended width is 1.5 mm.

Note:

For more details on the hardware design of the touch sensor, please refer to Touch Sensor Application Note.

14.6 MIPI

The MIPI layout should follow the guidelines below:

Minimize parasitic capacitance of MIPI traces as they involve high-speed signals.

The impedance of MIPI differential lines should be controlled to 100 Q, with a tolerance of £10%.

MIPI traces should be kept equal in length and spacing. The length difference between two MIPI traces in
a pair should be minimized and kept within 10 mil; the length difference between different MIPI trace pairs
should be minimized and kept within 30 mil. Use serpentine routing if necessary.

It is recommended to surround MIPI trace pairs with ground copper. If this is not feasible, maintain a minimum
spacing of 2W between MIPI trace pairs, where “W” is the width of the MIPI trace. For the MIPI CLK
trace, surround it with ground copper.

MIPI signal traces should be kept away from other high-speed and high-frequency signals (such as parallel data
traces and clock traces) by at least 3W and must not run parallel to them. They should also be kept away from
switching power sources and other sources of interference.
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Fig. 17: ESP32-P4 MIPI Layout

» Ensure there is a continuous reference layer (preferably a ground layer) below the MIPI signal traces.
* For multi-layer PCB designs, it is recommended to route MIPI traces to an inner layer through vias immediately

after being drawn out from the chip. This helps minimize interference with high-speed signal lines. Ensure
the MIPI CLK traces are surrounded by ground copper. Add a pair of ground return vias at each via transition
point.

1.5 Hardware Development

1.5.1 ESP32-P4 Development Boards

For a list of the latest designs of ESP32-P4 boards please check the Development Boards section on Espressif’ s
official website.

1.5.2 Download Guidelines

You can download firmware to ESP32-P4 series chips via UART and USB.
To download via UART:

1.

et

5.

Before the download, make sure to set the chip to Joint Download Boot mode, according to Table Chip Boot
Mode Control.

Power up the chip and check the log via the UARTO serial port. If the log shows “waiting for download” ,
the chip has entered Joint Download Boot mode.

Download your firmware into flash via UART using the Flash Download Tool.

After the firmware has been downloaded, pull GPIO35 high or leave it floating to make sure that the chip enters
SPI Boot mode.

Power up the chip again. The chip will read and execute the new firmware during initialization.

To download via USB:

1.

If the flash is empty, set the chip to Joint Download Boot mode, according to Table Chip Boot Mode Control.
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2. Power up the chip and check the log via USB serial port. If the log shows “waiting for download” , the chip
has entered Joint Download Boot mode.

3. Download your firmware into flash via USB using Flash Download Tool.

4. After the firmware has been downloaded, pull GPIO35 high or leave it floating to make sure that the chip enters
SPI Boot mode.

5. Power up the chip again. The chip will read and execute the new firmware during initialization.

6. If the flash is not empty, start directly from Step 3.

* It is advised to download the firmware only after the “waiting for download” log shows via the serial port.
* Serial tools cannot be used simultaneously with the Flash Download Tool on one COM port.
¢ The USB auto-download will be disabled if the following conditions occur in the application, where it will be
necessary to set the chip to Joint Download Boot mode first by configuring the strapping pin.
— USB PHY is disabled by the application.
— USB is secondary developed for other USB functions, e.g., USB host, USB standard device.
— USB IOs are configured to other peripherals, such as UART and LEDC.
* It is recommended that the user retains control of the strapping pins to avoid the USB download function not
being available in case of the above scenario.

1.6 Related Documentation and Resources

1.6.1 ESP32-P4 Modules

For a list of ESP32-P4 modules please check the Modules section on Espressif’ s official website.
For module reference designs please refer to:

¢ Download links

Note: Use the following tools to open the files in module reference designs:

¢ .DSN files: OrCAD Capture V16.6
¢ .pcb files: Pads Layout VX.2. If you cannot open the .pcb files, please try importing the .asc files into your
software to view the PCB layout.

1.6.2 ESP32-P4 Development Boards

For a list of the latest designs of ESP32-P4 boards please check the Development Boards section on Espressif’ s
official website.

1.6.3 Other Related Documentation and Resources

e ESP32-P4 Chip Variants
* Espressif KiCad Library
* ESP Product Selector

* Regulatory Certificates

¢ User Forum (Hardware)

* Technical Support
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1.7 Glossary

The glossary contains terms and acronyms that are used in this document.

Term Description

CLC Capacitor-Inductor-Capacitor

DDR SDRAM Double Data Rate Synchronous Dynamic Random-Access Memory

ESD Electrostatic Discharge

LC Inductor-Capacitor

PA Power Amplifier

RC Resistor-Capacitor

RTC Real-Time Clock

Zero-ohm resistor A zero-ohm resistor acts as a placeholder in the circuit, allowing for the replacement with
a higher-ohm resistor based on specific design requirements.

1.8 Revision History

Table 9: Revision History

Date

Ver-
sion

Release Notes

2025-11-28

vl.3

* Schematic Checklist
— Section Internal Voltage Regulators and External DCDC: Up-
dated a note about FB_ DCDC and EN_DCDC

2025-09-22

vl.2

e Schematic Checklist
— Section Internal Voltage Regulators and External DCDC:
Added a note about VDDO_FLASH default voltage and pre-
cautions for 1.8 V flash

2025-07-07

vl.1

e Schematic Checklist
— Section HP/LP 10 Power Supply: Added a note about
VDD_IO_5
— Section MIPI PHY Power Supply: Updated descriptions about
VDD_MIPI_DPHY and added a note about MIPI signal level
— Section Internal Voltage Regulators and External DCDC: Up-
dated descriptions about FB_DCDC and EN_DCDC
— Section SDIO: Added a figure ESP32-P4 SD 3.0 Card Power
Circuit
* PCB Layout Design
— Section General Guidelines: Deleted descriptions about the
power traces of VDD_FLASHIO and updated descriptions
about the placement of DCDC

2025-04-23

v1.0

First release of ESP32-P4 Hardware Design Guidelines.
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1.9 Disclaimer and Copyright Notice

Information in this document, including URL references, is subject to change without notice.
All third party’ s information in this document is provided as is with no warranties to its authenticity and accuracy.

No warranty is provided to this document for its merchantability, non-infringement, fitness for any particular purpose,
nor does any warranty otherwise arising out of any proposal, specification or sample.

All liability, including liability for infringement of any proprietary rights, relating to use of information in this doc-
ument is disclaimed. No licenses express or implied, by estoppel or otherwise, to any intellectual property rights are
granted herein.

The Wi-Fi Alliance Member logo is a trademark of the Wi-Fi Alliance. The Bluetooth logo is a registered trademark
of Bluetooth SIG.

All trade names, trademarks and registered trademarks mentioned in this document are property of their respective
owners, and are hereby acknowledged.
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