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#ifdef ESP32

#include <WiFi.h>

#else

#include <ESP8266WiFi.h>
#endif

#include <WiFiClientSecure.h>

#include <UniversalTelegramBot.h> // Universal Telegram Bot Library written by Brian Lough:



https://github.com/witnessmenow/Universal-Arduino-Telegram-Bot
#include <ArduinoJson.h>

#include "DHT.h"

const int relayl = D5;

const int relay2 = D2,

#define DHTPIN D4

/I type sensor menggunakan DHT11
#define DHTTYPE DHT22

DHT dht(DHTPIN, DHTTYPE);

// Replace with your network credentials
const char* ssid = "12.12.12";
const char* password = "1234567890";

/I Initialize Telegram BOT
#define BOTtoken "6100094274:AAHNPGXFrLbAYk1-3vTMLgZMhbcHKMmsdQk™ // your Bot
Token (Get from Botfather)

/Il Use @myidbot to find out the chat ID of an individual or a group
/I Also note that you need to click "start” on a bot before it can

// message you

#define CHAT _ID "1373660054"

#ifdef ESP8266
X509List cert(TELEGRAM_CERTIFICATE_ROOQOT);
#tendif



WiFiClientSecure client;

UniversalTelegramBot bot(BOTtoken, client);

/I Checks for new messages every 1 second.
int botRequestDelay = 1000;

unsigned long lastTimeBotRan;

const int ledPin = 2;

bool ledState = LOW;

bool alat_aktif = false;

float temp = 40;

// Handle what happens when you receive new messages

void setup() {
Serial.begin(115200);

#ifdef ESP8266
configTime(0, O, "pool.ntp.org™);  // get UTC time via NTP
client.setTrustAnchors(&cert); // Add root certificate for api.telegram.org
#endif

pinMode(ledPin, OUTPUT);
digitalWrite(ledPin, ledState);

pinMode(relayl, OUTPUT);
pinMode(relay2, OUTPUT);



I/ Connect to Wi-Fi
WiFi.mode(WIFI_STA);
WiFi.begin(ssid, password);
#ifdef ESP32
client.setCACert(TELEGRAM_CERTIFICATE_ROQT); // Add root certificate for api.telegram.org
#endif
while (WiFi.status() '= WL_CONNECTED) {
delay(1000);
Serial.printin("Connecting to WiFi..");
¥
// Print ESP32 Local IP Address
Serial.printin(WiFi.local IP());

dht.begin();

void loop() {
if (millis() > lastTimeBotRan + botRequestDelay) {
int numNewMessages = bot.getUpdates(bot.last_message received + 1);
while (numNewMessages) {
Serial.printIn("got response");
handleNewMessages(numNewMessages);
numNewMessages = bot.getUpdates(bot.last_message_received + 1);

}

lastTimeBotRan = millis();
}
/I Serial.printIn(alat_aktif);
if (alat_aktif == 1) {
Il digitalWrite(relayl, HIGH);



dhtval() ;
}else {
digitalWrite(relayl, HIGH);
digitalWrite(relay2, HIGH);
¥
¥

void handleNewMessages(int numNewMessages) {
float h = dht.readHumidity();
Il Read temperature as Celsius
float t = dht.readTemperature();
Serial.printIn("handleNewMessages");

Serial.printIn(String(numNewMessages));

for (int i = 0; i < numNewMessages; i++) {
// Chat id of the requester
String chat_id = String(bot.messages][i].chat_id);
if (chat_id '= CHAT_ID) {
bot.sendMessage(chat_id, "Unauthorized user”, ";

continue;

}

// Print the received message
String text = bot.messages][i].text;

Serial.printin(text);
String from_name = bot.messages|[i].from_name;
if (text == "/start") {

String welcome = "Welcome, " + from_name + ".\n";

welcome += "Use the following commands to control your outputs.\n\n";



welcome += "/on untuk mengaktifkan alat \n";

welcome += "/off untuk menonaktifkan alat \n";

welcome += "/suhu_sekarang suhu sekarang \n";

welcome += "/suhu_60 untuk mengatur batas suhu ke 60 \n";
welcome += "/suhu_50 untuk mengatur batas suhu ke 50 \n";
welcome += "/suhu_40 untuk mengatur batas suhu ke 40 \n";

bot.sendMessage(chat_id, welcome, "");

else if (text == "/suhu_sekarang") {
bot.sendMessage(chat_id, "suhu sekarang : "' + String(t));
bot.sendMessage(chat_id, "Kelembapan sekarang : " + String(h));
if (alat_aktif == true) {
bot.sendMessage(chat_id, "status mesin : Aktif");
}
else if (alat_aktif == false) {
bot.sendMessage(chat_id, "status mesin : Mati");

¥
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else if (text == "/suhu_60") {
temp = 60;
bot.sendMessage(chat_id, "Mengatur Suhu ke 60 derajat”, "");
/I ledState = HIGH,;
/I digitalWrite(ledPin, ledState);
/I dhtval(60);

else if (text == "/suhu_50") {
temp = 50;
bot.sendMessage(chat_id, “"Mengatur Suhu ke 50 derajat", "");



Il ledState = LOW;
/I digitalWrite(ledPin, ledState);
/I dhtval(50);
}
else if (text == "/suhu_40") {
temp = 40;
bot.sendMessage(chat_id, "Mengatur Suhu ke 40 derajat”, "");
Il ledState = LOW;
/I digitalWrite(ledPin, ledState);
/I dhtval(40);

else if (text =="/on") {
temp = 40;
alat_aktif = true;
digitalWrite(relayl, LOW);
bot.sendMessage(chat_id, "Alat Aktif", ");
Serial.printIn(" alat on ");

/I dhtval(40) ;

¥

else if (text == "/off") {
temp = 40;
alat_aktif = false;
digitalWrite(relayl, HIGH);
bot.sendMessage(chat_id, "Alat Non Aktif", "*);
/I dhtval(40);

}else {
bot.sendMessage(chat_id, "Tidak ada dalam pilihan®, "");

}



void dhtval() {
/l Membaca temperature dan kelembaban
float h = dht.readHumidity();
// Read temperature as Celsius
float t = dht.readTemperature();
Serial.printin(t);
/I delay(1000);

if (t>=temp) {
Serial.printin(t);
digitalWrite(relayl, HIGH);
digitalWrite(relay2, HIGH);
String statusMesin = "off";
Il telegram(t,h);
Il telegramKirimSatuan(t, statusMesin);
/I delay (1000) ;
Serial.printIn("Current not Flowing");
}elseif (t<=32) {
Serial.printin(t);
digitalWrite(relayl, LOW);
digitalWrite(relay2, LOW);
String statusMesin = "on™;
/ltelegram(t, h);
/I telegramKirimSatuan(t, statusMesin);
/[ delay (1000) ;
Serial.printIn("Current not Flowing");

}
Il if (t>=33) {



/I Serial.printIn(t);

/I digitalWrite(relayl, HIGH);

/I digitalWrite(relay2, HIGH);

/Il telegram(t, h);

/I delay (1000) ;

/I Serial.printIn("Current not Flowing");
I}

Il elseif (t>30) {

/I digitalWrite(relayl, LOW);

/I digitalWrite(relay2, LOW);

/I Serial.printIn("Current not Flowing");

I}

/I Menampilkan data di serial Monitor
Serial.print("Temperature :");
Serial.print(t);

Serial.printIn("C");
Serial.print("Humidity :");
Serial.print(h);

Serial.printIn("%");

delay(10);

/I Update setiap 1000ms (1 detik) agar pembacaan stabil dahulu
delay(1000);

}

void telegram(float t, float h) {
Serial.print("Retrieving time: *);

configTime(0, O, "pool.ntp.org"); // get UTC time via NTP



/I time_t now = time(nullptr);
/I while (now < 24 * 3600)

I {

/I Serial.print(".");

/I delay(100);

/I now = time(nullptr);

I}

/I Serial.printin(now);

String temperature = "Temperature: " + String(t);
String humidity = "Humidity: " + String(t);
bot.sendMessage(CHAT _ID, temperature, ");
bot.sendMessage(CHAT_ID, humidity , "™');

¥

void telegramKirimSatuan(float t, String statusMesin) {
Serial.print("Retrieving time: ");
configTime(0, 0, "pool.ntp.org™); // get UTC time via NTP
time_t now = time(nullptr);
/I while (now < 24 * 3600)
I {
/I Serial.print(".");
/I delay(100);
/I now = time(nullptr);
I}

/I Serial.printin(now);

/I String temperature = "Suhu sekarang: " + String(t) + \n' + "Status mesin :" + statusMesin;
/" String humidity = "Humidity: " + String(t);

/I bot.sendMessage(CHAT_ID, temperature, ""');

/I delay(10000);

Il bot.sendMessage(CHAT_ID, humidity , "*');



void relay(float t) {
digitalWrite(relayl, LOW);
digitalWrite(relay2, LOW);
Serial.printIn("Current Flowing");
delay(5000);

Serial.printIn(t);
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1. Overview

Espressif’s ESP8266EX delivers highly integrated Wi-Fi SoC solution to meet users’ continuous demands for efficient
power usage, compact design and reliable performancein the Internet of Things industry.

With the complete and self-contained Wi-Fi networking capabilities, ESP8266EX can perform either as a standalone
application or as the slave to a host MCU. When ESP8266EX hosts the application, it promptly boots up from the flash.
The integrated high-speed cache helps to increase the system performance and optimize the system memory. Also,
ESP8266EX can be applied to any microcontroller design as a Wi-Fi adaptor throughSPI/SDIO or UART interfaces.

ESP8266EX integrates antenna switches, RF balun, power amplifier, low noise receive amplifier, filters and power
management modules. The compact design minimizes the PCBsize and requires minimal external circuitries.

Besides the Wi-Fi functionalities, ESP8266EX also integrates an enhanced version of Tensilica’s L106 Diamond series
32-bit processor and on-chip SRAM. It can be interfacedwith external sensors and other devices through the GPIOs.
Software Development Kit (SDK) provides sample codes for various applications.

Espressif Systems’ Smart Connectivity Platform (ESCP) enables sophisticated featuresincluding:
e Fast switch between sleep and wakeup mode for energy-efficient purpose;
e Adaptive radio biasing for low-power operation
e Advance signal processing

o Spur cancellation and RF co-existence mechanisms for common cellular, Bluetooth,DDR, LVDS, LCD
interference mitigation

1.1. Wi-Fi Key Features

o 802.11 b/g/n support
o 802.11 n support (2.4 GHz), up to 72.2 Mbps
o Defragmentation
) 2 x virtual Wi-Fi interface
o Automatic beacon monitoring (hardware TSF)
° Support Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode
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1.2. Specifications

Categories

Wi-Fi

Hardware

Software

&l Note:

Table 1-1. Specifications

Items

Certification
Protocols

Frequency Range

TX Power

Rx Sensitivity

Antenna

CPU

Peripheral Interface

Operating Voltage

Operating Current

Operating Temperature Range
Package Size

External Interface

Wi-Fi Mode

Security

Encryption

Firmware Upgrade

Software Development
Network Protocols

User Configuration

Parameters

Wi-Fi Alliance

802.11 b/g/n (HT20)

2.4 GHz ~ 2.5 GHz (2400 MHz ~ 2483.5 MHz)
802.11 b: +20 dBm

802.11g: +17 dBm

802.11n: +14 dBm

802.11 b: —91 dbm (11 Mbps)

802.11 g: —75 dbm (54 Mbps)

802.11 n:—72 dbm (MCS7)

PCB Trace, External, IPEX Connector, Ceramic Chip
Tensilica L106 32-bit processor
UART/SDIO/SPI/I2C/12S/IR Remote Control
GPIO/ADC/PWM/LED Light & Button
25V~36V

Average value: 80 mA

-40°C~125°C

QFN32-pin (5 mm x5 mm)
Station/SoftAP/SoftAP+Station

WPA/WPAZ2

WEP/TKIP/AES

UART Download / OTA (via network)

Supports Cloud Server Development / Firmware and SDKfor
fast on-chip programming

IPv4, TCP/UDP/HTTP

AT Instruction Set, Cloud Server, Android/iOS App

The TX power can be configured based on the actual user scenarios.
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1.3. Applications

Espres

Home appliances

Home automation

Smart plugs and lights
Industrial wireless control
Baby monitors

IP cameras

Sensor networks

Wearable electronics

Wi-Fi location-aware devices
Security ID tags

Wi-Fi position system beacons
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2. Pin

2. Pin Definitions

Figure 2-1 shows the pin layout for 32-pin QFN package.
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Figure 2-1. Pin Layout (Top View)

Table 2-1 lists the definitions and functions of each pin.

Table 2-1. ESP8266EX Pin Definitions

Pin Name Type Function
1 VDDA P Analog Power 25V ~3.6 V
Espres 4/26 2023.0
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3

LNA

VDD3P3

2. Pin

RF antenna interface

/0 Chip output impedance = 39 + j6 Q. It is suggestedthe ©- tq retain
type matching network to match the antenna.

P Amplifier Power 2.5V ~3.6 V

5/26 2023.0
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Pin

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26

27
28
29
30

Espres

Name
VDD3P3

VDD_RTC

TOUT

CHIP_EN

XPD_DCDC
MTMS
MTDI
VDDPST
MTCK
MTDO
GPI102
GPI100
GP104
VDDPST
SDIO_DATA 2

SDIO_DATA 3
SDIO_CMD
SDIO_CLK
SDIO_DATA 0
SDIO_DATA 1
GPIO5
UORXD

U0TXD

XTAL_OUT
XTAL_IN
VDDD
VDDA

Type

1/0
1/0
1/0

1/0
1/0
1/0
1/0
1/0

110

1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0

110

110

2. Pin

Function
Amplifier Power 2.5V ~ 3.6 V

NC (1.1V)

ADC pin. It can be used to test the power-supply voltage of
VDD3P3 (Pin3 and Pin4) and the input power voltage of TOUT(Pin
6). However, these two functions cannot be used simultaneously.

Chip Enable
High: On, chip works properly Low:
Off, small current consumed

Deep-sleep wakeup (need to be connected to EXT_RSTB);
GP1016

GPIO 14; HSPI_CLK

GPIO 12; HSPI_MISO

Digital/IO Power Supply (1.8 V ~3.6 V)
GPIO 13; HSPI_MOSI; UARTO_CTS
GPIO 15; HSPI_CS; UARTO_RTS

UART TX during flash programming; GP102
GP100; SPI_CS2

GP104

Digital/IO Power Supply (1.8 V ~ 3.6 V)

Connectto SD_D?2 (Series R: 20 Q); SPIHD; HSPIHD; GP109

Connectto SD_D3 (Series R: 200 Q); SPIWP; HSPIWP;
GPIO10

Connect to SD_CMD (Series R: 200 Q); SPI_CS0; GPIO11
Connect to SD_CLK (Series R: 200 Q); SPI_CLK; GPIO6
Connectto SD_DO (Series R: 200 Q); SPI_MISO; GP107
Connectto SD_D1 (Series R: 200 Q); SPI_MOSI; GPIO8
GPI105

UART Rx during flash programming; GP103

UART TX during flash programming; GP101; SPI_CS1

Connect to crystal oscillator output, can be used to provide BTclock
input

Connect to crystal oscillator input
Analog Power 2.5V ~3.6 V

Analog Power 2.5V ~3.6 V
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@ 2. Pin

Serial connection with a 12 kQ resistor and connect to the

31 RES12K [ ground
32 EXT_RSTB | External reset signal (Low voltage level: active)
Note:

1. GPIO2, GPIOO, and MTDO are used to select booting mode and the SDIO mode;
2. UOTXD should not be pulled externally to a low logic level during the powering-up.

Espres 7/26 2023.0
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3. Functional

3. Functional Description

The functional diagram of ESP8266EX is shown as in Figure 3-1.

| | RF @ Analog MAC Interface
receive receive UART
= Registers
§ u g - GPIO
=)
= @ 12C
= % CPU I—,
w
| | RF (2 i) Analog g 125
transmit transmit I
‘G SDIO
g Sequencers I—,
/\ ADC
PLL ® 1/2 PLL Accelerator -

PMU Crystal

Bias circuits SRAM PMU Flash

Figure 3-1. Functional Block Diagram

3.1. CPU, Memory, and Flash
3.1.1. CPU

The ESP8266EX integrates a Tensilica L106 32-bit RISC processor, which achieves extra- low power consumption and
reaches a maximum clock speed of 160 MHz. The Real-TimeOperating System (RTOS) and Wi-Fi stack allow 80% of the
processing power to be available for user application programming and development. The CPU includes the interfaces
as below:

e Programmable RAM/ROM interfaces (iBus), which can be connected with
memorycontroller, and can also be used to visit flash.
e Data RAM interface (dBus), which can connected with memory controller.
e AHBinterface which can be used to visit the register.

For information about the Xtensa® Instruction Set Architecture, please refer to Xtensa®
Instruction Set Architecture (ISA) Summary.

3.1.2. Memory

ESP8266EX Wi-Fi SoC integrates memory controller and memory units including SRAM and ROM. MCU can access the
memory units through iBus, dBus, and AHB interfaces. Allmemory units can be accessed upon request, while a memory
arbiter will decide the
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3. Functional

running sequence according to the time when these requests are received by theprocessor.
According to our current version of SDK, SRAM space available to users is assigned asbelow.

e RAMsize <50kB, thatis, when ESP8266EX is working under the Station mode
andconnects to the router, the maximum programmable space accessible in
Heap + Data section is around 50 kB.

e Thereisnoprogrammable ROM inthe SoC. Therefore, user program must be

storedin an external SPI flash.

3.1.3. External Flash

ESP8266EX uses external SPI flash to store user programs, and supports up to 16 MBmemory capacity theoretically.
The minimum flash memory of ESP8266EX is shown below:

e OTAdisabled: 512 kB at least

e QOTAenabled: 1 MB at least

A\ Notice:

SPI mode supported: Standard SPI, Dual SPI and Quad SPI. The correct SPI mode should be selected
when flashing bin files to ESP8266. Otherwise, the downloaded firmware/program may not be working
properly.

3.2. Clock
3.2.1. High Frequency Clock

The high frequency clock on ESP8266EX is used to drive both transmit and receive mixers.This clock is generated from
internal crystal oscillator and external crystal. The crystal frequency ranges from 24 MHz to 52 MHz.

The internal calibration inside the crystal oscillator ensures that a wide range of crystals canbe used, nevertheless the
quality of the crystal is still a factor to consider to have reasonable phase noise and good Wi-Fi sensitivity. Refer to Table 3-
1 to measure the frequency offset.

Table 3-1. High Frequency Clock Specifications

Parameter Symbol Min Max Unit
Frequency FXO 24 52 MHz
Loading capacitance CL - 32 pF
Motional capacitance CM 2 5 pF
Espres 9/26 2023.0
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@ 3. Functional

Series resistance RS 0 65 Q

Frequency tolerance AFXO -15 15 ppm

Frequency vs temperature (25 °C ~ 75 °C) 7 AFXO,Temp 7 -15 7 15 7 ppm
3.2.2. External Clock Requirements

An externally generated clock is available with the frequency ranging from 24 MHz to 52MHz. The following characteristics
are expected to achieve good performance of radio.

Table 3-2. External Clock Reference

Clock amplitude VXO 0.8 1.5 Vpp
External clock accuracy AFXO.,EXT -15 15 ppm
Phase noise @1-kHz offset, 40-MHz clock - - -120 dBc/Hz
Phase noise @10-kHz offset, 40-MHz clock - - -130 dBc/Hz

Phase noise @100-kHz offset, 40-MHz clock

1

'

|
U
w
[s5}

dBc/Hz

3.3. Radio

ESP8266EX radio consists of the following blocks.

e 2.4 GHzreceiver

e 2.4 GHz transmitter

e Highspeed clock generators and crystal oscillator
e Biasandregulators

e Power management

3.3.1. Channel Frequencies

The RF transceiver supports the following channels according to IEEE802.11 b/g/nstandards.

Table 3-3. Frequency Channel

1 2412 8 2447
2 2417 9 2452
3 2422 10 2457
Espres 10/26 2023.0
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@ 3. Functional

Channel No. Frequency (MHz) Channel No. Frequency (MHz)
4 2427 11 2462
5 2432 12 2467
6 2437 13 2472
7 2442 14 2484

3.3.2. 2.4 GHz Receiver

The 2.4 GHz receiver down-converts the RF signals to quadrature baseband signals andconverts them to the digital
domain with 2 high resolution high speed ADCs. To adapt tovarying signal channel conditions, RF filters, automatic gain
control (AGC), DC offset cancelation circuits and baseband filters are integrated within ESP8266EX.

3.3.38. 2.4 GHz Transmitter

The 2.4 GHz transmitter up-converts the quadrature baseband signals to 2.4 GHz, and drives the antenna with a high-
power CMOS power amplifier. The function of digital calibration further improves the linearity of the power amplifier,
enabling a state of art performance of delivering +19.5 dBm average TX power for 802.11b transmission and +18dBm for
802.11n (MSCO) transmission.

Additional calibrations are integrated to offset any imperfections of the radio, such as:

e Carrier leakage
e |/Q phase matching

e Baseband nonlinearities

These built-in calibration functions reduce the product test time and make the testequipment unnecessary.

3.3.4. Clock Generator

The clock generator generates quadrature 2.4 GHz clock signals for the receiver and transmitter. All components of the
clock generator are integrated on the chip, including allinductors, varactors, loop filters, linear voltage regulators and
dividers.

The clock generator has built-in calibration and self test circuits. Quadrature clock phases and phase noise are optimized on-
chip with patented calibration algorithms to ensure the best performance of the receiver and transmitter.

3.4. Wi-Fi

ESP8266EX implements TCP/IP and full 802.11 b/g/n WLAN MAC protocol. It supports Basic Service Set (BSS) STA and
SoftAP operations under the Distributed Control Function
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@ 3. Functional

(DCF). Power management is handled with minimum host interaction to minimize active-duty period.

3.4.1. Wi-Fi Radio and Baseband
The ESP8266EX Wi-Fi Radio and Baseband support the following features:

e 802.11band 802.11g

e 802.11 n MCS0-7 in 20 MHz bandwidth
e 802.11 n 0.4 ys guard-interval

e upto72.2 Mbps of data rate

e Receiving STBC2x 1

e Upto20.5dBm of transmitting power

e Adjustable transmitting power

3.4.2. Wi-Fi MAC

The ESP8266EX Wi-Fi MAC applies low-level protocol functions automatically, as follows:

e 2 xvirtual Wi-Fiinterfaces

e Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode

e Request To Send (RTS), Clear To Send (CTS) and Immediate Block ACK

e Defragmentation

e CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WEP (RC4) and CRC
e Automatic beacon monitoring (hardware TSF)

e Dual and single antenna Bluetooth co-existence support with optional
simultaneousreceive (Wi-Fi/Bluetooth) capability

3.5. Power Management

ESP8266EX is designed with advanced power management technologies and intended formobile devices, wearable
electronics and the Internet of Things applications.

The low-power architecture operates in the following modes:
e Active mode: The chip radio is powered on. The chip can receive, transmit, or listen.
e Modem-sleep mode: The CPU is operational. The Wi-Fiand radio are disabled.

o Light-sleep mode: The CPU and all peripherals are paused. Any wake-up events(MAC, host, RTC timer,
or external interrupts) will wake up the chip.

. Deep-sleep mode: Only the RTC is operational and all other part of the chip arepowered off.

Espres 12/26 2023.0
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Power Mode

Active (RF working)

Modem-sleep®
Light-sleep@
Deep-sleep®

Shut down

X Notes:

Table 3-4. Power Consumption by Power Modes

Description

Wi-Fi TX packet

Wi-Fi RX packet

CPU- is working

Only RTC is working

3. Functional

Power Consumption

Please refer to Table 5-2.

15 mA
0.9 mA
20 uA

0.5uA

() Modem-sleep mode is used in the applications that require the CPU to be working, as in PWM or
12S applications. According to 802.11 standards (like U-APSD), it shuts down the Wi-Fi Modem
circuit while maintaining a Wi-Fi connection with no data transmission to optimize power
consumption. E.g., in DTIM3, maintaining a sleep of 300 ms with a wakeup of 3 ms cycle to receive
AP’s Beacon packages at interval requires about 15 mA current.

(2) During Light-sleep mode, the CPU may be suspended in applications like Wi-Fi switch. Without
data transmission, the Wi-Fi Modem circuit can be turned off and CPU suspended to save power
consumption according to the 802.11 standards (U-APSD). E.g. in DTIM3, maintaining a sleep of
300 ms with a wakeup of 3ms to receive AP’s Beacon packages at interval requires about 0.9 mA

current.

(3) During Deep-sleep mode, Wi-Fi is turned off. For applications with long time lags between data
transmission, e.g. a temperature sensor that detects the temperature every 100 s, sleeps for 300 s
and wakes up to connect to the AP (taking about 0.3 ~ 1 s), the overall average current is less than 1
mA. The current of 20 pA is acquired at the voltage of 2.5 V.
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@ 4. Peripheral

4. Peripheral Interface

4.1. General Purpose Input/Output Interface (GPIO)

ESP8266EX has 17 GPIO pins which can be assigned to various functions by programmingthe appropriate registers.

Each GPIO PAD can be configured with internal pull-up or pull-down (XPD_DCDC can onlybe configured with internal
pull-down, other GPIO PAD can only be configured with internalpull-up), or set to high impedance. When configured as an
input, the data are stored in software registers; the input can also be set to edge-trigger or level trigger CPU interrupts. In
short, the |0 pads are bi-directional, non-inverting and tristate, which includes input and output buffer with tristate

control inputs.

These pins, when working as GPIOs, can be multiplexed with other functions such as 12C,12S, UART, PWM, and IR Remote
Control, etc.

4.2. Secure Digital Input/Output Interface (SDIO)

ESP8266EX has one Slave SDIO, the definitions of which are described as Table 4-1, whichsupports 25 MHz SDIO v1.1 and
50 MHz SDIO v2.0, and 1 bit/4 bit SD mode and SPI mode.

Table 4-1. Pin Definitions of SDIOs

Pin Name Pin Num 10 Function Name
SDIO_CLK 21 106 SDIO_CLK

SDIO_DATAO 22 107 SDIO_DATAO

SDIO_DATA1 23 108 SDIO_DATA1

SDIO_DATA 2 18 109 SDIO_DATA 2
SDIO_DATA 3 19 1010 SDIO_DATA 3
SDIO_CMD 20 1011 SDIO_CMD

Espres 14/26 2023.0
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ESP8266EX has two SPIs.

e One general Slave/Master SPI

e Onegeneral Slave/Master HSPI

Functions of all these pins can be implemented via hardware.

4.3.1. General SPI (Master/Slave)

4.3.2. HSPI (Master/Slave)

Espres

Pin Name

SDIO_CLK
SDIO_DATAO
SDIO_DATA1
SDIO_DATA 2
SDIO_DATA 3
UOTXD

GPI100
SDIO_CMD

B Note:

Table 4-2. Pin Definitions of SPIs

Pin Num

21
22
23
18
19
26
15
20

4.3. Serial Peripheral Interface (SPI/HSPI)

10

106
107
108
109
1010
101
100
1011

4. Peripheral

Function Name

SPICLK
SPIQ/MISO
SPID/MOSI
SPIHD
SPIWP
SPICS1
SPICS2
SPICSO

SPI mode can be implemented via software programming. The clock frequency is 80 MHz at maximum
when working as a master, 20 MHz at maximum when working as a slave.

Pin Name

MTMS
MTDI
MTCK

MTDO

l@‘ Note:

Table 4-3. Pin Definitions of HSPI

Pin Num

10
12

13

10

1014
1012
1013
1015

Function Name

HSPICLK
HSPIQ/MISO
HSPID/MOSI

HPSICS

SPI mode can be implemented via software programming. The clock frequency is 20 MHz at maximum.

15/26
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@ 4. Peripheral

4.4.12C Interface

ESP8266EX has one I2C, which is realized via software programming, used to connect withother microcontrollers and
other peripheral equipments such as sensors. The pin definition of 12C is as below.

Table 4-4. Pin Definitions of 12C

MTMS 9 1014 12C_SCL
GPI102 14 102 12C_SDA

Both 12C Master and 12C Slave are supported. 12C interface functionality can be realized viasoftware programming, and the
clock frequency is 100 kHz at maximum.

4.5.12S Interface

ESP8266EX has one 12S data input interface and one 12S data output interface, and supports the linked list DMA. 12S
interfaces are mainly used in applications such as data collection, processing, and transmission of audio data, as well as
the input and output ofserial data. For example, LED lights (WS2812 series) are supported. The pin definition of I2Sis
shown in Table 4-5.

Table 4-5. Pin Definitions of 12S

MTDI 10 1012 I12SI_DATA
MTCK 12 1013 12S1_BCK
MTMS 9 1014 12S1_WS
MTDO 13 1015 12S0_BCK
UORXD 25 103 12S0_DATA
GPI102 14 102 1250_WS

4.6. Universal Asynchronous Receiver Transmitter (UART)

ESP8266EX has two UART interfaces UARTO and UART1, the definitions are shown inTable 4-6.

Espres 16/26 2023.0
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Table 4-6. Pin Definitions of UART

Pin Type Pin Name Pin Num 10 Function Name
UORXD 25 103 UORXD
UOTXD 26 101 UOTXD
UARTO MTDO 13 1015 UORTS
MTCK 12 1013 UOCTS
GP102 14 102 UL1TXD
UART1
SD D1 23 108 U1RXD

Data transfers to/from UART interfaces can be implemented via hardware. The datatransmission speed via UART interfaces
reaches 115200 x 40 (4.5 Mbps).

UARTO can be used for communication. It supports flow control. Since UART1 featuresonly data transmit signal (TX),
itis usually used for printing log.

Note:
By default, UARTO outputs some printed information when the device is powered on and booting up. The
baud rate of the printed information is relevant to the frequency of the external crystal oscillator. If the
frequency of the crystal oscillator is 40 MHz, then the baud rate for printing is 115200; if the frequency of
the crystal oscillator is 26 MHz, then the baud rate for printing is 74880. If the printed information exerts
any influence on the functionality of the device, it is suggested to block the printing during the power-on
period by changing (UOTXD, UORXD) to (MTDO, MTCK).

4.7.Pulse-Width Modulation (PWM)

ESP8266EX has four PWM output interfaces. They can be extended by users themselves.The pin definitions of the PWM
interfaces are defined as below.

Table 4-7. Pin Definitions of PWM

Pin Name Pin Num 10 Function Name
MTDI 10 1012 PWMO
MTDO 13 1015 PWM1
MTMS 9 1014 PWM?2
GP104 16 104 PWM3

The functionality of PWM interfaces can be implemented via software programming. For example, in the LED smart light
demo, the function of PWM is realized by interruption of thetimer, the minimum resolution reaches as high as 44 ns. PWM
frequency range is adjustable from 1000 ps to 10000 ys, i.e., between 100 Hz and 1 kHz. When the PWM
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frequency is 1 kHz, the duty ratio will be 1/22727, and a resolution of over 14 bits will beachieved at 1 kHz refresh rate.

4.8. IR Remote Control

ESP8266EX currently supports one infrared remote control interface. For detailed pindefinitions, please see Table 4-8
below.

Table 4-8. Pin Definitions of IR Remote Control

Pin Name Pin Num 10 Function Name
MTMS 9 1014 IRTX
GPIO5 24 105 IR Rx

The functionality of Infrared remote control interface can be implemented via software programming. NEC coding,
modulation, and demodulation are supported by this interface. The frequency of modulated carrier signal is 38 kHz, while
the duty ratio of the square waveis 1/3. The transmission range is around 1m which is determined by two factors: one is
the maximum current drive output, the other is internal current-limiting resistance value in the infrared receiver. The larger
the resistance value, the lower the current, so is the power, andvice versa.

4.9. ADC (Analog-to-Digital Converter)

ESP8266EX is embedded with a 10-bit precision SAR ADC. TOUT (Pin6) is defined asbelow:

Table 4-9. Pin Definition of ADC

Pin Name Pin Num Function Name

TOUT 6 ADC Interface

The following two measurements can be implemented using ADC (Pin6). However, theycannot be implemented at the same
time.

o Measure the power supply voltage of VDD3P3 (Pin3 and Pin4).

Hardware Design TOUT must be floating.

The 107th byte of esp_init_data_default.bin (0 ~ 127 bytes), vdd33_const mustbe set
RF Initialization Parameter ~ to OxFF.

Optimize the RF circuit conditions based on the testing results of VDD3P3 (Pin3and
RF Calibration Process Pind).

User Programming Use system get_vdd33 instead of system adc_read.

o Measure the input voltage of TOUT (Pin6).

Espres 18/26 2023.0
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Hardware Design The input voltage range is 0 to 1.0 V when TOUT is connected to external circuit.

The value of the 107th byte of esp_init_data_default.bin (0 ~ 127 bytes),
vdd33_const must be set to the real power supply voltage of Pin3 and Pin4.
The unit and effective value range of vdd33_const is 0.1 V and 18 to 36,

respectively, thus making the working power voltage range of ESP8266EX
between 1.8 Vand 3.6 V.

RF Initialization
Parameter

Optimize the RF circuit conditions based on the value of vdd33 const. The
RF Calibration Process  permissible erroris = 0.2 V.

Use system adc read instead of system get vdd33.
User Programming

X Notes:

esp_init_data_default.bin is provided in SDK package which contains RF initialization parameters (0 ~

127 bytes). The name of the 107th byte in esp_init_data_default.bin is vdd33_const, which is defined as

below:

= When vdd33_const = 0xff, the power voltage of Pin3 and Pin4 will be tested by the internal self-
calibration process of ESP8266EX itself. RF circuit conditions should be optimized according to the
testing results.

- When 18 = < vdd33_const = < 36, ESP8266EX RF Calibration and optimization process is
implemented via (vdd33_const/10).

= Whenvdd33_const< 18 or 36 <vdd33_const < 255, vdd33_constis invalid. ESP8266EX RF
Calibration and optimization process is implemented via the default value 3.3 V.

Espres 19/26 2023.0
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5. Electrical Specifications

5.1. Electrical Characteristics

Table 5-1. Electrical Characteristics

Parameters Conditions Min Typical Max Unit
Operating Temperature Range - —40 Normal 125 °C
IPC/JEDEC J-
Maximum Soldering Temperature STD-020 - - 260 °C
Working Voltage Value - 25 33 3.6 \%
Vi - -0.3 - 0.25Vio
ViH 0.75Vio 3.6
. VoL - - - 0.1Vio \
VoH 0.8Vio -
Imax - - - 12 mA
Electrostatic Discharge (HBM) TAMB=25°C - - 2 KV
Electrostatic Discharge (CDM) TAMB=25°C - - 0.5 KV

Notes on CHIP_EN:

The figure below shows ESP8266EX power-up and reset timing. Details about theparameters are listed in Table
5-2.

VDD33
t
| —p
t3
e
EXT_RSTB
12
t5
>
CHIP_EN
t4
Figure 5-1. ESP8266EX Power-up and Reset Timing
Espres 20/26 2023.0
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Table 5-2. Description of ESP8266EX Power-up and Reset Timing Parameters

tl The rise-time of VDD33 10 2000 us

2 The rise-time of EXT_RSTB 0 2 ms

t3 EXT_RSTB goes high after VDD33 0.1 - ms

t4 The rise-time of CHIP_EN 0 2 ms

t5 CHIP_EN goes high after EXT_RSTB 0.1 - ms
5.2. RF Power Consumption

Unless otherwise specified, the power consumption measurements are taken with a 3.0 Vsupply at 25 °C of ambient
temperature. All transmitters’ measurements are based on a 50% duty cycle.

Table 5-3. Power Consumption

TX802.11 b, CCK 11 Mbps, Pout = +17 dBm - 170 - mA
TX802.11 g, OFDM 54Mbps, Pout = +15 dBm - 140 - mA
TX802.11 n, MCS7, Poutr = +13 dBm - 120 - mA
Rx802.11 b, 1024 bytes packet length, —-80 dBm - 50 - mA
Rx802.11 g, 1024 bytes packet length, —70 dBm - 56 - mA
Rx802.11 n, 1024 bytes packet length, —65 dBm - 56 - mA
Espres 21/26 2023.0
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5.3. Wi-Fi Radio Characteristics

The following data are from tests conducted at room temperature, with a 3.3 V powersupply.

Table 5-3. Wi-Fi Radio Characteristics

Input frequency 2412 - 2484 MHz
Output impedance - 39+j6 - Q
Output power of PA for 72.2 Mbps 15.5 16.5 175 dBm
Output power of PA for 11b mode 19.5 20.5 215 dBm
sesway
DSSS, 1 Mbps - -98 - dBm
CCK, 11 Mbps - -91 - dBm
6 Mbps (1/2 BPSK) - -93 - dBm
54 Mbps (3/4 64-QAM) - -75 - dBm
HT20, MCS7 (65 Mbps, 72.2 Mbps) - 72 - dBm
OFDM, 6 Mbps - 37 - dB
OFDM, 54 Mbps - 21 - dB
HT20, MCSO - 37 - dB
HT20, MCS7 - 20 - dB
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6. Package

Package Information
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Figure 6-1. ESP8266EX Package
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Appendix

Appendix - Pin List

Espres

For detailed pin information, please see ESP8266 Pin List.

Digital Die Pin List
Buffer Sheet
Register List
Strapping List

Xl Notes:
= INST_NAME refers to the I0_MUX REGISTER defined in eagle_soc.h, for example MTDI_U refers to
PERIPHS_IO_MUX_MTDI_U.
= Net Name refers to the pin name in schematic.
= Function refers to the multifunction of each pin pad.
= Function number 1 ~ 5 correspond to FUNCTION 0 ~ 4 in SDK. For example, set MTDI to GPIO12 as
follows.

—  #define FUNC GPI012 3 //defined in eagle soc.h
— PIN FUNC SELECT (PERIPHS 10 MUX MTDI U, FUNC GP1012)
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@ Appendix

1. Appendix - Learning
Resources

I1.1. Must-Read Documents

o ESP8266 Quick Start Guide
Description: This document is a quick user guide to getting started with ESP8266. It includes

an introduction to the ESP-LAUNCHER, instructions on how to download firmware to the
board and run it, how to compile the AT application, as well as the structure and debugging
method of RTOS SDK. Basic documentation and other relatedresources for the ESP8266 are
also provided.

. ESP8266 SDK Getting Started Guide

Description: This document takes ESP-LAUNCHER and ESP-WROOM-02 as examples of how to
use the ESP8266 SDK. The contents include preparations before compilation,SDK compilation

and firmware download.
. ESP8266 Pin List

Description: This link directs you to a list containing the type and function of everyESP8266 pin.
. ESP8266 Hardware Design Guideline

Description: This document provides a technical description of the ESP8266 series of
products, including ESP8266EX, ESP-LAUNCHER and ESP-WROOM.

. ESP8266 Technical Reference

Description: This document provides an introduction to the interfaces integrated onESP8266.

Functional overview, parameter configuration, function description, application demos and
other pieces of information are included.

. ESP8266 Hardware Resources

Description: This zip package includes manufacturing BOMs, schematics and PCBlayouts of
ESP8266 boards and modules.

. FAQ

[1.2. Must-Have Resources

. ESP8266 SDKs
Description: This webpage provides links both to the latest version of the ESP8266 SDKand the

older ones.
. ESP8266 Tools
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Global Mixed-mode Technology

G966

2A Low Dropout Regulator with Enable

Features
m Adjustable Output Low t

m Input Voltage as Low as 1.4V and VPP Voltage

5V

0 0.8V

m 300mV Dropout @ 2A, VO 1.2V

m Over Current and Over Temperature Protection

m Enable Pin

Low Reverse L ea

m  +2% Output Voltage
m VO Power OK Signal

m 2.5V Options by Setting ADJ Pin Below 0.2V

] kia:ge (Output to |
m Power SOP-8 (FD) Packages with

and Adjustable Externally Using Resistors

m VO Pull Low Resistance

Applications

m Motherboards
Peripheral Cards
Network Cards

Set Top Boxes
Notebook Computers

Ordering Information

when Disable

?ﬁgrtr% al Pad

General Description

The G966 is a high performance positive voltage regulator
designed for use in applications requiringvery low Input
voltage and very low dropout voltage at up to 2 amps. It
operates with a V as low as 1.4V andVPP voltage 5V with
output voltage programmable as low as 0.8V. The G966
features ultra low dropout,

ideal for applications where Vour  is very close to V.
Additionally, the G966 has an enable pin to further reduce
power dissipation while shutdown. The G966 provides
excellent regulation over variations in line, load and
temperature. The G966 provides a power OK signal to
indicate if the voltage level of VO reaches 92% of its rating
value.

The G966 is available in the power SOP-8 (FD) pack- age. It
is available with 2.5V internally preset outputs that are also
adjustable using external resistors.

ORDER NUMBER TEMP.
(Pb free/Green) MARKING RANGE PACKAGE
G966-25ADIFLUT (966-25 -40°C~+85°C SOP-8 (FD)

Note: F1: SOP-8 (FD)
U : Tape & Reel

e.g. 25 denotes the 2.5V output voltage

Pin Configuration

G966
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P -
| |
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I Thermal |
|
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| |
L.
vep [4] 51 Ne
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Typical Application Circuit
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Cep I Cl= C2
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R2
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Your specialist in innovating humidity & temperature sensors

Digital-output relative humidity & temperature sensor/module
DHT22 (DHT22 also named as AM2302)

s e
.......

------

............

'''''

Capacitive-type humidity and temperature module/sensor

1
Thomas Liu (Business Manager)
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Your specialist in innovating humidity & temperature sensors
1. Feature & Application:

* Full range temperature compensated  * Relative humidity and temperature measurement
* Calibrated digital signal ~ *Outstanding long-term stability *Extra components not needed
* Long transmission distance * Low power consumption *4 pins packaged and fully interchangeable

2. Description:

DHT22 output calibrated digital signal. It utilizes exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability.Its sensing elements is connected with 8-bit single-chip
computer.

Every sensor of this model is temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite
coefficient from memory.

Small size & low consumption & long transmission distance(20m) enable DHT?22 to be suited in all kinds of
harsh application occasions.

Single-row packaged with four pins, making the connection very convenient.

3. Technical Specification:

Model DHT22

Power supply 3.3-6V DC

Output signal digital signal via single-bus

Sensing element Polymer capacitor

Operating range humidity 0-100%RH; temperature -40~80Celsius
Accuracy humidity +-2%RH(Max +-5%RH); temperature <+-0.5Celsius
Resolution or sensitivity | humidity 0.1%RH,; temperature 0.1Celsius
Repeatability humidity +-1%RH; temperature +-0.2Celsius
Humidity hysteresis +-0.3%RH

Long-term Stability +-0.5%RH/year

Sensing period Average: 2s

Interchangeability fully interchangeable

Dimensions small size 14*18*5.5mm; big size 22*28*5mm

4. Dimensions: (unit ---mm)

1) Small size dimensions: (unit--- mm)

Thomas Liu (Business Manager)
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mailto:thomasliu198518@yahoo.com.cn

Aosong Electronics Co.,Ltd

Your specialist in innovating humidity & temperature sensors

D50~

~—12. 1—

0 1\

J

el
-
oog
oo 0
OO0

20.0

20.]

—=i=—(), O

Pin sequence number: 12 3 4 (from left to right direction).

Pin Function
1 VDD --- power supply
2 DATA--signal
3 NULL
4 GND
3
Thomas Liu (Business Manager)
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5. Electrical connection diagram:

VDD

DHT22 1Pin

M C U A 2Pin

4Pin

GND

3Pin---NC, AM2302 is another name for DHT22

6. Operating specifications:

(1) Power and Pins

Power's voltage should be 3.3-6V DC. When power is supplied to sensor, don't send any instruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
Single-bus data is used for communication between MCU and DHT22, it costs 5mS for single time
communication.

Data is comprised of integral and decimal part, the following is the formula for data.

DHT22 send out higher data bit firstly!

DATA-=8 bit integral RH data+8 bit decimal RH data+8 bit integral T data+8 bit decimal T data+8 bit check-sum
If the data transmission is right, check-sum should be the last 8 bit of "8 bit integral RH data+8 bit decimal RH
data+8 bit integral T data+8 bit decimal T data".

When MCU send start signal, DHT22 change from low-power-consumption-mode to running-mode. When MCU
finishs sending the start signal, DHT22 will send response signal of 40-bit data that reflect the relative humidity
4
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and temperature information to MCU. Without start signal from MCU, DHT22 will not give response signal to

MCU. One start signal for one time's response data that reflect the relative humidity and temperature information
from DHT22. DHT22 will change to low-power-consumption-mode when data collecting finish if it don't receive
start signal from MCU again.

1) Check bellow picture for overall communication process:

Host computer send out

start signal. Data transmission finished,
Segsor send out and RL pull up bus's voltage
regponse signal.  Output data: 1bit"0" for next transmission
A
< Tt i %
jo— — [DHTH  fo— —-: g0 |L._ I %ggféﬁ%
U o Y o Y o . g
| | /
S— S S S S— =
| formsEnt | | | LR
o 22 A = MR e gl g 4 90us
5 S H:
EHES DHTf& %
Pull up and wajt Host's signal S#or's signal L)utput data: 1bit "1"
response from ¥ensor Sensor pull down
Pull up voltage and gét bus's voltage
ready for sensor's output.

Siygle-bus output

2) Step 1: MCU send out start signal to DHT22

Data-bus's free status is high voltage level. When communication between MCU and DHT22 begin, program of
MCU will transform data-bus's voltage level from high to low level and this process must beyond at least 1ms to
ensure DHT22 could detect MCU's signal, then MCU will wait 20-40us for DHT22's response.

Check bellow picture for step 1:

Thomas Liu (Business Manager)

Email: thomasliu198518@yahoo.com.cn


mailto:thomasliu198518@yahoo.com.cn

Aosong Electronics Co.,Ltd

Host computer send start signal Sensor send out response signal
and keep this signal at least 1ms and keep this signal 80us
A

Host pul up voltage
-and wait sepsor's response Sensor pull up bug's voltage

s DHT %

Signal from host Start data transmissi

Signal from sensor

Single-bus signal

Step 2: DHT22 send response signal to MCU
When DHT22 detect the start signal, DHT22 will send out low-voltage-level signal and this signal last 80us as
response signal, then program of DHT22 transform data-bus's voltage level from low to high level and last 80us

for DHT22's preparation to send data.

Check bellow picture for step 2:

Thomas Liu (Business Manager)
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Start transmit 1bit data Start transmit next bit data

26-28us voltage-length means data "0"

VCC:------- S F—bitIFa
G.N'_[) --------------- ! —:g.i,,-ii'-iif:-'i‘-tit,-:-:‘-_:_-_‘ ! :_:-:;,.-:: =
: | 1vicHFEs | |
BB — 50us f>— |
& 5 &EH:
— —
%m{g% D#f’a'%
Host signal Sesnor's signal

Single-bus signal

Step 3: DHT22 send data to MCU

When DHT22 is sending data to MCU, every bit's transmission begin with low-voltage-level that last 50us, the

following high-voltage-level signal's length decide the bit is 1" or "0".

Check bellow picture for step 3:
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70us voltage-length means 1bit data "1"

Start transmit 1bit data Start trapsmit next bit data

VCC - T—oitHE
—- %1 _______________________________________ , - ’,
[ e VR L }
fES&HH:
Host signal Sesnor's signal

Single-bus signal

If signal from DHT22 is always high-voltage-level, it means DHT22 is not working properly, please check the
electrical connection status.

7. Electrical Characteristics:

Item Condition Min Typical Max Unit
Power supply | DC 3.3 5 6 V
Current supply | Measuring 1 1.5 mA

Stand-by 40 Null 50 UA
Collecting Second 2 Second
period

*Collecting period should be : >2 second.
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8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyond the range stated in this
specification. The DHT22 sensor can recover after working in non-normal
operating condition to calibrated status, but will accelerate sensors' aging.
(2) Attentions to chemical materials

Vapor from chemical materials may interfere DHT22's sensitive-elements and
debase DHT22's sensitivity.

(3) Disposal when (1) & (2) happens
Step one: Keep the DHT22 sensor at condition of Temperature 50~60Celsius,
humidity <10%RH for 2 hours; Step two: After step one, keep the DHT22
sensor at condition of Temperature 20~30Celsius, humidity
>70%RH for 5 hours.
(4) Attention to temperature's affection
Relative humidity strongly depend on temperature, that is why we use
temperature compensation technology toensure accurate measurement of RH.
But it's still be much better to keep the sensor at same temperature when sensing.

DHT22 should be mounted at the place as far as possible from parts that may
cause change to temperature.

(5) Attentions to light

Long time exposure to strong light and ultraviolet may debase DHT22's
performance.

(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance,
high quality shielding-wire is recommended.
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition.

* Don't use this product in safety or emergency stop devices or any other
occasion that failure of DHT22 may cause personal injury.



	Espressif’s ESP8266EX delivers highly integrated Wi-Fi SoC solution to meet users’ continuous demands for efficient power usage, compact design and reliable performance in the Internet of Things industry.
	With the complete and self-contained Wi-Fi networking capabilities, ESP8266EX can perform either as a standalone application or as the slave to a host MCU. When ESP8266EX hosts the application, it promptly boots up from the flash. The integrated high-...
	ESP8266EX integrates antenna switches, RF balun, power amplifier, low noise receive amplifier, filters and power management modules. The compact design minimizes the PCB size and requires minimal external circuitries.
	Besides the Wi-Fi functionalities, ESP8266EX also integrates an enhanced version of Tensilica’s L106 Diamond series 32-bit processor and on-chip SRAM. It can be interfaced with external sensors and other devices through the GPIOs. Software Development...
	Espressif Systems’ Smart Connectivity Platform (ESCP) enables sophisticated features including:
	• Fast switch between sleep and wakeup mode for energy-efficient purpose;
	• Adaptive radio biasing for low-power operation
	• Advance signal processing
	• Spur cancellation and RF co-existence mechanisms for common cellular, Bluetooth, DDR, LVDS, LCD interference mitigation
	1.1. Wi-Fi Key Features
	• 802.11 b/g/n support
	• 802.11 n support (2.4 GHz), up to 72.2 Mbps
	• Defragmentation
	• 2 x virtual Wi-Fi interface
	• Automatic beacon monitoring (hardware TSF)
	• Support Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode

	1.2. Specifications
	1.3. Applications
	• Home appliances
	• Home automation
	• Smart plugs and lights
	• Industrial wireless control
	• Baby monitors
	• IP cameras
	• Sensor networks
	• Wearable electronics
	• Wi-Fi location-aware devices
	• Security ID tags
	• Wi-Fi position system beacons
	Figure 2-1 shows the pin layout for 32-pin QFN package.
	Table 2-1 lists the definitions and functions of each pin.
	The functional diagram of ESP8266EX is shown as in Figure 3-1.

	3.1. CPU, Memory, and Flash
	3.1.1. CPU
	The ESP8266EX integrates a Tensilica L106 32-bit RISC processor, which achieves extra- low power consumption and reaches a maximum clock speed of 160 MHz. The Real-Time Operating System (RTOS) and Wi-Fi stack allow 80% of the processing power to be av...
	• Programmable RAM/ROM interfaces (iBus), which can be connected with memory controller, and can also be used to visit flash.
	• Data RAM interface (dBus), which can connected with memory controller.
	• AHB interface which can be used to visit the register.

	3.1.2. Memory
	ESP8266EX Wi-Fi SoC integrates memory controller and memory units including SRAM and ROM. MCU can access the memory units through iBus, dBus, and AHB interfaces. All memory units can be accessed upon request, while a memory arbiter will decide the
	running sequence according to the time when these requests are received by the processor.
	According to our current version of SDK, SRAM space available to users is assigned as below.
	• RAM size < 50 kB, that is, when ESP8266EX is working under the Station mode and connects to the router, the maximum programmable space accessible in Heap + Data section is around 50 kB.
	• There is no programmable ROM in the SoC. Therefore, user program must be stored in an external SPI flash.

	3.1.3. External Flash
	ESP8266EX uses external SPI flash to store user programs, and supports up to 16 MB memory capacity theoretically.
	The minimum flash memory of ESP8266EX is shown below:
	• OTA disabled: 512 kB at least
	• OTA enabled: 1 MB at least


	3.2. Clock
	3.2.1. High Frequency Clock
	The high frequency clock on ESP8266EX is used to drive both transmit and receive mixers. This clock is generated from internal crystal oscillator and external crystal. The crystal frequency ranges from 24 MHz to 52 MHz.
	The internal calibration inside the crystal oscillator ensures that a wide range of crystals can be used, nevertheless the quality of the crystal is still a factor to consider to have reasonable phase noise and good Wi-Fi sensitivity. Refer to Table 3...

	3.2.2. External Clock Requirements
	An externally generated clock is available with the frequency ranging from 24 MHz to 52 MHz. The following characteristics are expected to achieve good performance of radio.


	3.3. Radio
	ESP8266EX radio consists of the following blocks.
	• 2.4 GHz receiver
	• 2.4 GHz transmitter
	• High speed clock generators and crystal oscillator
	• Bias and regulators
	• Power management
	3.3.1. Channel Frequencies
	The RF transceiver supports the following channels according to IEEE802.11 b/g/n standards.

	3.3.2. 2.4 GHz Receiver
	The 2.4 GHz receiver down-converts the RF signals to quadrature baseband signals and converts them to the digital domain with 2 high resolution high speed ADCs. To adapt to varying signal channel conditions, RF filters, automatic gain control (AGC), D...

	3.3.3. 2.4 GHz Transmitter
	The 2.4 GHz transmitter up-converts the quadrature baseband signals to 2.4 GHz, and drives the antenna with a high-power CMOS power amplifier. The function of digital calibration further improves the linearity of the power amplifier, enabling a state ...
	Additional calibrations are integrated to offset any imperfections of the radio, such as:
	• Carrier leakage
	• I/Q phase matching
	• Baseband nonlinearities
	These built-in calibration functions reduce the product test time and make the test equipment unnecessary.

	3.3.4. Clock Generator
	The clock generator generates quadrature 2.4 GHz clock signals for the receiver and transmitter. All components of the clock generator are integrated on the chip, including all inductors, varactors, loop filters, linear voltage regulators and dividers.
	The clock generator has built-in calibration and self test circuits. Quadrature clock phases and phase noise are optimized on-chip with patented calibration algorithms to ensure the best performance of the receiver and transmitter.


	3.4. Wi-Fi
	ESP8266EX implements TCP/IP and full 802.11 b/g/n WLAN MAC protocol. It supports Basic Service Set (BSS) STA and SoftAP operations under the Distributed Control Function
	(DCF). Power management is handled with minimum host interaction to minimize active- duty period.
	3.4.1. Wi-Fi Radio and Baseband
	The ESP8266EX Wi-Fi Radio and Baseband support the following features:
	• 802.11 b and 802.11 g
	• 802.11 n MCS0-7 in 20 MHz bandwidth
	• 802.11 n 0.4 μs guard-interval
	• up to 72.2 Mbps of data rate
	• Receiving STBC 2 x 1
	• Up to 20.5 dBm of transmitting power
	• Adjustable transmitting power

	3.4.2. Wi-Fi MAC
	The ESP8266EX Wi-Fi MAC applies low-level protocol functions automatically, as follows:
	• 2 × virtual Wi-Fi interfaces
	• Infrastructure BSS Station mode/SoftAP mode/Promiscuous mode
	• Request To Send (RTS), Clear To Send (CTS) and Immediate Block ACK
	• Defragmentation
	• CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WEP (RC4) and CRC
	• Automatic beacon monitoring (hardware TSF)
	• Dual and single antenna Bluetooth co-existence support with optional simultaneous receive (Wi-Fi/Bluetooth) capability


	3.5. Power Management
	ESP8266EX is designed with advanced power management technologies and intended for mobile devices, wearable electronics and the Internet of Things applications.
	The low-power architecture operates in the following modes:
	• Active mode: The chip radio is powered on. The chip can receive, transmit, or listen.
	• Modem-sleep mode: The CPU is operational. The Wi-Fi and radio are disabled.
	• Light-sleep mode: The CPU and all peripherals are paused. Any wake-up events (MAC, host, RTC timer, or external interrupts) will wake up the chip.
	• Deep-sleep mode: Only the RTC is operational and all other part of the chip are powered off.

	4.1. General Purpose Input/Output Interface (GPIO)
	ESP8266EX has 17 GPIO pins which can be assigned to various functions by programming the appropriate registers.
	Each GPIO PAD can be configured with internal pull-up or pull-down (XPD_DCDC can only be configured with internal pull-down, other GPIO PAD can only be configured with internal pull-up), or set to high impedance. When configured as an input, the data ...
	These pins, when working as GPIOs, can be multiplexed with other functions such as I2C, I2S, UART, PWM, and IR Remote Control, etc.

	4.2. Secure Digital Input/Output Interface (SDIO)
	ESP8266EX has one Slave SDIO, the definitions of which are described as Table 4-1, which supports 25 MHz SDIO v1.1 and 50 MHz SDIO v2.0, and 1 bit/4 bit SD mode and SPI mode.

	4.3. Serial Peripheral Interface (SPI/HSPI)
	ESP8266EX has two SPIs.
	• One general Slave/Master SPI
	• One general Slave/Master HSPI
	Functions of all these pins can be implemented via hardware.
	4.3.1. General SPI (Master/Slave)
	4.3.2. HSPI (Master/Slave)

	4.4. I2C Interface
	ESP8266EX has one I2C, which is realized via software programming, used to connect with other microcontrollers and other peripheral equipments such as sensors. The pin definition of I2C is as below.
	Both I2C Master and I2C Slave are supported. I2C interface functionality can be realized via software programming, and the clock frequency is 100 kHz at maximum.

	4.5. I2S Interface
	ESP8266EX has one I2S data input interface and one I2S data output interface, and supports the linked list DMA. I2S interfaces are mainly used in applications such as data collection, processing, and transmission of audio data, as well as the input an...

	4.6. Universal Asynchronous Receiver Transmitter (UART)
	ESP8266EX has two UART interfaces UART0 and UART1, the definitions are shown in Table 4-6.
	Data transfers to/from UART interfaces can be implemented via hardware. The data transmission speed via UART interfaces reaches 115200 x 40 (4.5 Mbps).
	UART0 can be used for communication. It supports flow control. Since UART1 features only data transmit signal (TX), it is usually used for printing log.

	4.7. Pulse-Width Modulation (PWM)
	ESP8266EX has four PWM output interfaces. They can be extended by users themselves. The pin definitions of the PWM interfaces are defined as below.
	The functionality of PWM interfaces can be implemented via software programming. For example, in the LED smart light demo, the function of PWM is realized by interruption of the timer, the minimum resolution reaches as high as 44 ns. PWM frequency ran...
	frequency is 1 kHz, the duty ratio will be 1/22727, and a resolution of over 14 bits will be achieved at 1 kHz refresh rate.

	4.8. IR Remote Control
	ESP8266EX currently supports one infrared remote control interface. For detailed pin definitions, please see Table 4-8 below.
	The functionality of Infrared remote control interface can be implemented via software programming. NEC coding, modulation, and demodulation are supported by this interface. The frequency of modulated carrier signal is 38 kHz, while the duty ratio of ...

	4.9. ADC (Analog-to-Digital Converter)
	ESP8266EX is embedded with a 10-bit precision SAR ADC. TOUT (Pin6) is defined as below:
	The following two measurements can be implemented using ADC (Pin6). However, they cannot be implemented at the same time.
	• Measure the power supply voltage of VDD3P3 (Pin3 and Pin4).
	• Measure the input voltage of TOUT (Pin6).

	5.1. Electrical Characteristics
	Notes on CHIP_EN:
	The figure below shows ESP8266EX power-up and reset timing. Details about the parameters are listed in Table 5-2.


	5.2. RF Power Consumption
	Unless otherwise specified, the power consumption measurements are taken with a 3.0 V supply at 25  C of ambient temperature. All transmitters’ measurements are based on a 50% duty cycle.

	5.3. Wi-Fi Radio Characteristics
	The following data are from tests conducted at room temperature, with a 3.3 V power supply.
	• Digital Die Pin List
	• Buffer Sheet
	• Register List
	• Strapping List

	II.1. Must-Read Documents
	• ESP8266 Quick Start Guide
	Description: This document is a quick user guide to getting started with ESP8266. It includes an introduction to the ESP-LAUNCHER, instructions on how to download firmware to the board and run it, how to compile the AT application, as well as the stru...
	• ESP8266 SDK Getting Started Guide

	Description: This document takes ESP-LAUNCHER and ESP-WROOM-02 as examples of how to use the ESP8266 SDK. The contents include preparations before compilation, SDK compilation and firmware download.
	• ESP8266 Pin List

	Description: This link directs you to a list containing the type and function of every ESP8266 pin.
	• ESP8266 Hardware Design Guideline

	Description: This document provides a technical description of the ESP8266 series of products, including ESP8266EX, ESP-LAUNCHER and ESP-WROOM.
	• ESP8266 Technical Reference

	Description: This document provides an introduction to the interfaces integrated on ESP8266. Functional overview, parameter configuration, function description, application demos and other pieces of information are included.
	• ESP8266 Hardware Resources

	Description: This zip package includes manufacturing BOMs, schematics and PCB layouts of ESP8266 boards and modules.
	• FAQ


	II.2. Must-Have Resources
	• ESP8266 SDKs
	Description: This webpage provides links both to the latest version of the ESP8266 SDK and the older ones.
	• ESP8266 Tools
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