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Chapter 1

Get Started

This document is intended to help you set up the software development environment for the hardware based on the
ESP32 chip by Espressif. After that, a simple example will show you how to use ESP-IDF (Espressif [oT Development
Framework) for menu configuration, then for building and flashing firmware onto an ESP32 board.

Note: This is documentation for branch release/v4. 2 of ESP-IDF. Other ESP-IDF Versions are also available.

1.1 Introduction

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

* Wi-Fi (2.4 GHz band)

* Bluetooth

* Dual high performance cores

e Ultra Low Power co-processor
e Multiple peripherals

Powered by 40 nm technology, ESP32 provides a robust, highly integrated platform, which helps meet the continuous
demands for efficient power usage, compact design, security, high performance, and reliability.

Espressif provides basic hardware and software resources to help application developers realize their ideas using the
ESP32 series hardware. The software development framework by Espressif is intended for development of Internet-
of-Things (IoT) applications with Wi-Fi, Bluetooth, power management and several other system features.

1.2 What You Need

Hardware:

¢ An ESP32 board
¢ USB cable - USB A / micro USB B
¢ Computer running Windows, Linux, or macOS

Software:
You have a choice to either download and install the following software manually

* Toolchain to compile code for ESP32

¢ Build tools - CMake and Ninja to build a full Application for ESP32

o ESP-IDF that essentially contains API (software libraries and source code) for ESP32 and scripts to operate
the Toolchain
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or get through the onboarding process using the following official plugins for integrated development environments
(IDE) described in separate documents

* Eclipse Plugin (installation link)
* VS Code Extension (setup)

ESP-IDF make [ Eclipse

Toolchain

Application

L]

UPLOAD

LT ET EE LT LT -

ELEETETEETET-T- 31 E-8.1- 71

Fig. 1: Development of applications for ESP32

1.3 Development Board Overviews

If you have one of ESP32 development boards listed below, you can click on the link to learn more about its hardware.

1.3.1 ESP32-DevKitC V4 Getting Started Guide

This guide shows how to start using the ESP32-DevKitC V4 development board. For description of other versions
of ESP32-DevKitC check ESP32 Hardware Reference.

What You Need

¢ ESP32-DevKitC V4 board
e USB A / micro USB B cable
¢ Computer running Windows, Linux, or macOS

You can skip the introduction sections and go directly to Section Start Application Development.

Overview

ESP32-DevKitC V4 is a small-sized ESP32-based development board produced by Espressif. Most of the I/O pins
are broken out to the pin headers on both sides for easy interfacing. Developers can either connect peripherals with
jumper wires or mount ESP32-DevKitC V4 on a breadboard.
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To cover a wide range of user requirements, the following versions of ESP32-DevKitC V4 are available:

« different ESP32 modules

— ESP32-WROOM-32
ESP32-WROOM-32D
ESP32-WROOM-32U
ESP32-SOLO-1
ESP32-WROVER
ESP32-WROVER-B
ESP32-WROVER-I
ESP32-WROVER-B (IPEX)
* male or female pin headers.

For details please refer to Espressif Product Ordering Information.

Functional Description

The following figure and the table below describe the key components, interfaces and controls of the ESP32-DevKitC
V4 board.

5V Power On LED  I/O Connector

CE R R T T E T L EEY X))

AS OW) €0 20 €T ONO LT 1 LI 9T ST EE T€ SE ¥E NA dA N3 EAE
e ee ey
EN Button = 718 r

Micro USB Port —— ESP32-WROOM-32

Boot Button L& HR i LS __

USB-to-UART Bridge Optional Space for ESP32-WROVER

Fig. 2: ESP32-DevKitC V4 with ESP32-WROOM-32 module soldered
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Key Com- | Description

ponent

ESP32- A module with ESP32 at its core.

WROOM-

32

EN Reset button.

Boot Download button. Holding down Boot and then pressing EN initiates Firmware Download mode
for downloading firmware through the serial port.

USB-to- Single USB-UART bridge chip provides transfer rates of up to 3 Mbps.

UART

Bridge

Micro USB | USB interface. Power supply for the board as well as the communication interface between a

Port computer and the ESP32 module.

5V Power | Turns on when the USB or an external 5V power supply is connected to the board. For details see

On LED the schematics in Related Documents.

/0 Most of the pins on the ESP module are broken out to the pin headers on the board. You can
program ESP32 to enable multiple functions such as PWM, ADC, DAC, 12C, 1285, SPI, etc.

Note: The pins DO, D1, D2, D3, CMD and CLK are used internally for communication between ESP32
and SPI flash memory. They are grouped on both sides near the USB connector. Avoid using these pins,
as it may disrupt access to the SPI flash memory / SPI RAM.

Note: The pins GPIO16 and GPIO17 are available for use only on the boards with the modules ESP32-
WROOM and ESP32-SOLO-1. The boards with ESP32-WROVER modules have the pins reserved for
internal use.

Power Supply Options

There are three mutually exclusive ways to provide power to the board:

* Micro USB port, default power supply
* 5V / GND header pins
* 3V3/ GND header pins

Warning: The power supply must be provided using one and only one of the options above, otherwise the
board and/or the power supply source can be damaged.

Note on C15

The component C15 may cause the following issues on earlier ESP32-DevKitC V4 boards:

 The board may boot into Download mode
« If you output clock on GPIOO0, C15 may impact the signal

In case these issues occur, please remove the component. The figure below shows C15 highlighted in yellow.
Start Application Development

Before powering up your ESP32-DevKitC V4, please make sure that the board is in good condition with no obvious
signs of damage.
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Fig. 3: Location of C15 (yellow) on ESP32-DevKitC V4 board

After that, proceed to Get Started, where Section Installation Step by Step will quickly help you set up the development

environment and then flash an example project onto your board.

Board Dimensions

LK D@ ﬂ‘l..ls 2.9 4 16 17 5 1B 19GND 21 RX TX 22 23 GND

A

¥A 23130 TE4ST

»
r@ -
@

TE SE E NA 4A NI EAL

L

r 54.4 mm

Fig. 4: ESP32 DevKitC board dimensions - back

Related Documents

¢ ESP32-DevKitC V4 schematics (PDF)

¢ ESP32 Datasheet (PDF)

ESP32-WROOM-32 Datasheet (PDF)

ESP32-WROOM-32D & ESP32-WROOM-32U Datasheet (PDF)
ESP32-WROVER Datasheet (PDF)

ESP32-WROVER-B Datasheet (PDF)

27.9 mm
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¢ Espressif Product Ordering Information (PDF)

ESP32-DevKitC V2 Getting Started Guide This guide shows how to start using the ESP32-DevKitC V2 devel-
opment board.

What You Need

e ESP32-DevKitC V2 board
¢ USB A / micro USB B cable
¢ Computer running Windows, Linux, or macOS

You can skip the introduction sections and go directly to Section Start Application Development.

Overview ESP32-DevKitC V2 is a small-sized ESP32-based development board produced by Espressif. Most of
the I/O pins are broken out to the pin headers on both sides for easy interfacing. Developers can either connect
peripherals with jumper wires or mount ESP32-DevKitC V4 on a breadboard.

Functional Description The following figure and the table below describe the key components, interfaces and
controls of the ESP32-DevKitC V2 board.

ESP-WROOM-32

ODPOOOOOOOOOOOO

OND 6101 8101 SOI LIOI 9001 #01 001 ZOI SID1

Fig. 5: ESP32-DevKitC V2 board layout

Key Com- | Description

ponent

ESP32- Standard module with ESP32 at its core. For more information, see ESP32-WROOM-32 Datasheet

WROOM-

32

EN Reset button.

Boot Download button. Holding down Boot and then pressing EN initiates Firmware Download mode
for downloading firmware through the serial port.

Micro USB interface. Power supply for the board as well as the communication interface between a com-

USB Port puter and ESP32-WROOM-32.

I/0 Most of the pins on the ESP module are broken out to the pin headers on the board. You can
program ESP32 to enable multiple functions such as PWM, ADC, DAC, 12C, 128, SPI, etc.
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Power Supply Options There are three mutually exclusive ways to provide power to the board:

* Micro USB port, default power supply
* 5V / GND header pins
* 3V3/ GND header pins

Warning: The power supply must be provided using one and only one of the options above, otherwise the
board and/or the power supply source can be damaged.

Start Application Development Before powering up your ESP32-DevKitC V2, please make sure that the board
is in good condition with no obvious signs of damage.

After that, proceed to Get Started, where Section Installation Step by Step will quickly help you set up the development
environment and then flash an example project onto your board.

Related Documents

¢ ESP32-DevKitC schematics (PDF)
¢ ESP32 Datasheet (PDF)
¢ ESP32-WROOM-32 Datasheet (PDF)

1.3.2 ESP-WROVER-KIT V4.1 Getting Started Guide

This guide shows how to get started with the ESP-WROVER-KIT V4.1 development board and also provides infor-
mation about its functionality and configuration options. For the description of other ESP-WROVER-KIT versions,
please check ESP32 Hardware Reference.

What You Need

e ESP-WROVER-KIT V4.1 board
» USB 2.0 cable (A to Micro-B)
¢ Computer running Windows, Linux, or macOS

You can skip the introduction sections and go directly to Section Start Application Development.

Overview

ESP-WROVER-KIT is an ESP32-based development board produced by Espressif.
ESP-WROVER-KIT features the following integrated components:

¢ ESP32-WROVER-B module
e LCD screen
¢ MicroSD card slot

Its another distinguishing feature is the embedded FTDI FT2232HL chip - an advanced multi-interface USB bridge.
This chip enables to use JTAG for direct debugging of ESP32 through the USB interface without a separate JTAG
debugger. ESP-WROVER-KIT makes development convenient, easy, and cost-effective.

Most of the ESP32 /0 pins are broken out to the board’ s pin headers for easy access.

Note: ESP32’ s GPIO16 and GPIO17 are used as chip select and clock signals for PSRAM. By default,
the two GPIOs are not broken out to the board’ s pin headers in order to ensure reliable performance.
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Functionality Overview

The block diagram below shows the main components of ESP-WROVER-KIT and their interconnections.

32.768KHz
crystal
1/0 expand
ChannelA LCD:
UsB 3.2inch
Connector

r Camera

1 MicroSD
EXT_5V +5W->+3.3V + ' RGB LED

—_——
[ken|  [rer]

Fig. 6: ESP-WROVER-KIT block diagram

Functional Description

The following two figures and the table below describe the key components, interfaces, and controls of the ESP-
WROVER-KIT board.
The table below provides description in the following manner:

« Starting from the first picture’ s top right corner and going clockwise
¢ Then moving on to the second picture
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FT2232 32.768 kHz

Micro SD Card Slot OR

ESP32-WROVER
I/O Connector

Diagnostic LEDs

UART
RGB LED Sp|
Camera Connector CTS/RTS
LDO . 8 oo Raeiigy 5_TOr| - JTAG
5V Power On LED — - 7 = w@gm“
T S R L o USB Port
5V Input _ b5 e B 'E:E it
Power Selector EN Button
Power Switch Boot Button
Fig. 7: ESP-WROVER-KIT board layout - front
LCD
Fig. 8: ESP-WROVER-KIT board layout - back
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Key | Description
Com-
po-
nent
FT2232 The FT2232 chip serves as a multi-protocol USB-to-serial bridge which can be programmed and con-
trolled via USB to provide communication with ESP32. FT2232 also features USB-to-JTAG interface
which is available on channel A of the chip, while USB-to-serial is on channel B. The FT2232 chip en-
hances user-friendliness in terms of application development and debugging. See ESP-WROVER-KIT
V4.1 schematic.

32.76§ External precision 32.768 kHz crystal oscillator serves as a clock with low-power consumption while the
kHz | chip is in Deep-sleep mode.

OR Zero-ohm resistor intended as a placeholder for a current shunt, can be desoldered or replaced with a
current shunt to facilitate the measurement of ESP32’ s current consumption in different modes.
ESP32- This EPS32 module features 64-Mbit PSRAM for flexible extended storage and data processing capabil-
WROYEfes.

B
Di- Four red LEDs connected to the GPIO pins of FT2232. Intended for future use.
ag-
nos-
tic
LEDs
UART] Serial port. The serial TX/RX signals of FT2232 and ESP32 are broken out to the inward and outward
sides of JP2 respectively. By default, these pairs of pins are connected with jumpers. To use ESP32’ s
serial interface, remove the jumpers and connect another external serial device to the respective pins.
SPI By default, ESP32 uses its SPI interface to access flash and PSRAM memory inside the module. Use
these pins to connect ESP32 to another SPI device. In this case, an extra chip select (CS) signal is
needed. Please note that the voltage of this interface is 3.3V.

CTS/RTSerial port flow control signals: the pins are not connected to the circuitry by default. To enable them,
short the respective pins of JP14 with jumpers.

JTAG| JTAG interface. JTAG signals of FT2232 and ESP32 are broken out to the inward and outward sides of
JP2 respectively. By default, these pairs of pins are disconnected. To enable JTAG, short the respective
pins with jumpers as shown in Section Serup Options.

USB | USB interface. Power supply for the board as well as the communication interface between a computer
Port | and the board.

EN Reset button.

But-
ton
Boot | Download button. Holding down Boot and then pressing EN initiates Firmware Download mode for
But- | downloading firmware through the serial port.

ton
Power| Power On/Off Switch. Toggling toward the Boot button powers the board on, toggling away from Boot
Switch| powers the board off.

Power| Power supply selector interface. The board can be powered either via USB or via the 5V Input interface.

Se- Select the power source with a jumper. For more details, see Section Setup Options, jumper header JP7.
lec-

tor

5V The 5V power supply interface can be more convenient when the board is operating autonomously (not
In- connected to a computer).

put

5V This red LED turns on when power is supplied to the board, either from USB or 5V Input.
Power
On
LED
LDO | NCP1117(1A). 5V-to-3.3V LDO. NCP1117 can provide a maximum current of 1A. The LDO on the
board has a fixed output voltage. Although, the user can install an LDO with adjustable output voltage.
For details, please refer to ESP-WROVER-KIT V4.1 schematic.

Cam- | Camera interface, a standard OV7670 camera module.

era
CUll—
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RGB | Red, green and blue (RGB) light emitting diodes (LEDs), can be controlled by pulse width modulation
LED | (PWM).
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Chapter 1. Get Started

Setup Options

There are three jumper blocks available to set up the board functionality. The most frequently required options are
listed in the table below.
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