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LAMPIRAN 1 : Foto Alat

Gambar 1. Foto Alat dan Keterangan

Sensor cahaya

Sensor SHT11

Gambar 2. Foto Keseluruhan Sistem
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LAMP

IRAN 2 : Listing Program
#include <SHT1x.h>

#include <SoftwareSerial.h>
#define DEBUG true

#define dataPin 6

#define clockPin 7

#define LDR_PIN A4
#define MAX_ADC_READING
1023

#define ADC_REF_VOLTAGE
3.3

#define ~ REF_RESISTANCE
9996 // measure this for best
results

#define LUX _CALC_SCALAR
12579201

#define
LUX_CALC_EXPONENT -
1.633

SHT1x shtlx(dataPin, clockPin);
String Wifi_SSID="Ngrimbi
11";//Ganti dengan nama Wifi
String
Wifi_PWD="panggahkok";
//Ganti dengan password Wifi
String apiKey =
"HISXEEIZM7ZBUQPS";
/IGanti dengan channel
thingspeak apiKey

const int inPin2 = A5;

const int inPinl = A3;

SoftwareSerial esp8266 (9,8);

void setup()

{

/I pinMode(LED, OUTPUT);
Serial.begin(9600);
esp8266.begin(9600);

/lanalogReference(INTERNAL);

sendData("AT+RST\r\n",2000,D
EBUG); // Modul Wifi direste

sendData("AT+CWMODE=1\r\
n",1000,DEBUG); // modul Wifi
diatur sebagai client
sendData("AT+CWJAP=\"" +
Wifi SSID  +  "\"\"™ +
Wifi_PWD +
“\"\r\n",3000,DEBUG); I
Menghubungkan ke router
delay(1000);

sendData("AT+CIFSR\r\n",1000
,DEBUG); // Mendapatkan ip

address

sendData("AT+CIPMUX=1\r\n"
,1000,DEBUG); // Diatur untuk

multiple connections

sendData("AT+CIPSERVER=1,



80\r\n",1000,DEBUG); //Server
aktif di port 80
Serial.printIn("Server ready");

}

void loop()
{
int ldrRawData;
float resistorVVoltage,
IdrVoltage;
float IdrResistance;
float IdrLux;
float temp_c;
float temp_f;
float humidity;
int a = analogRead(inPinl);
int b = analogRead(inPin2);
intc=(a-447)-b;
float bat = ¢ * (100.00/ 137.00);
float volt = (bat/100) + 3.2;
ldrRawData =
analogRead(LDR_PIN);

resistorVVoltage =

(float)ldrRawData /

MAX_ADC_READING *

ADC_REF_VOLTAGE;
Idr\VVoltage =

ADC_REF VOLTAGE -
resistorVoltage;

ldrResistance =
Idr\VVoltage/resistorVVoltage %
REF_RESISTANCE;

ldrLux =
LUX_CALC_SCALAR *
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pow(ldrResistance,
LUX_CALC_EXPONENT);
temp_c =
shtlx.readTemperatureC();
temp_f =
shtlx.readTemperatureF();
humidity »
shtlx.readHumidity();
/[ TCP CONNECTION
String getThingSpeak
"AT+CIPSTART=4\"TCP\" \"";
getThingSpeak +=
"184.106.153.149"; I
api.thingspeak.com
getThingSpeak += "\",80";

Serial.print("TCP Connection =
)
Serial.printin(getThingSpeak);

esp8266.printIn(getThingSpeak)

delay(2000); /[ Menunggu
selama 2 detik untuk
menyetabilkan koneksi antara
thingspeak dan esp8266

if(esp8266.find("Error™))
{

Serial.printin("AT+CIPSTART
error");

return;
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/I UPDATE THINGSPEAK
CHANNEL WITH DATA
STRING

String dataToPush = "GET
/update?api_key=";

dataToPush += apiKey;

dataToPush +="&field1=";

dataToPush += String(temp_c);
dataToPush +="&field2=";
dataToPush += String(temp_f);
dataToPush +="&field3=";
dataToPush +=
String(humidity);
dataToPush +="&field4=";
dataToPush += String(bat);
dataToPush +="&field5=",;
dataToPush += String(volt);
dataToPush +="&field6=";
dataToPush += String(ldrLux);
dataToPush +="&field7=";
dataToPush +=
String(ldrResistance);
dataToPush +="&field8=";
dataToPush +=
String(ldrVVoltage);
dataToPush +="\r\n\r\n";

Serial.print("Data updated = ");
Serial.print(dataToPush);

/l SEND DATA LENGTH

String sendData =
"AT+CIPSEND=4,";
sendData +=

String(dataToPush.length());

Serial.print("Data length = ");
Serial.printin(sendData);
esp8266.printIn(sendData);
delay(2000); /[ Menunggu
selama 2 detik untuk
menyetabilkan koneksi antara

thingspeak dan esp8266

if(esp8266.find(*'>"))
{
esp8266.print(dataToPush);

¥

else

{

esp8266.printin("AT+CIPCLOS
E");

Serial.printin("AT+CIPCLOSE"
); // alerting closing connection

¥

delay(15000); // thingSpeak
needs minimum 15 sec delay

between updates

}



String sendData(String
command, const int timeout,
boolean debug)

{

String response = ";

esp8266.print(command); //
send the read character to the
esp8266

long int time = millis();

while(  (time+timeout) >
millis())
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{
while(esp8266.available())

{
char ¢ = esp8266.read(); //
read the next character.
response+=c;
}
¥
if(debug)
{

Serial.print(response);

}

return response;



LAMPIRAN 3 : Datasheet

Altmel

ATmega48A/PA/88BA/PA/168A/PA/328/P

ATMEL 8-BIT MICROCONTROLLER WITH 4/8/16/32KBYTES
IN-SYSTEM PROGRAMMABLE FLASH

DATASHEET

Features

s High Pedormance, Low Power Atmel® AVR® 8-Bit Microcontroller Family
s Advanced RISC Architecture
~ 131 Powerful Instructions — Most Single Clock Cycie Execution
32 x 8 General Purpose Working Registers
Fully Static Operation
Up to 20 MIPS Throughput at 20MHz
On-chip 2-cycle Multiplier
° Hngh Endurance Non-vaatile Memory Segments
4/8/16/32KBytes of In-System Self-Programmable Flash program memory
256/512/512/1KBytes EEPROM
5121 K/MK/2KByles Intemal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
Data retention: 20 years at 85°C/100 years at 25°C""
~ Optional Boot Code Section with Independent Lock Bits
* n-System Programming by On-chip Boot Program
e True Read-While-Write Operation
—  Programming Lock for Software Security
* Atmef® QTouch® library support
~ Capacitive ouch buttons, sliders and wheels
QTouch and QMatrix® acquisition
~ Upto 64 sense channels
» Penpheral Features
Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and
Capture Mode
~ Real Time Counter with Separate Oscillator
Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFNMLF package
o Temperature Measurement
6-channel 10-bit ADC in PDIP Package
o Temperature Measurement
Programmable Serial USART
Master/Slave SP| Sernal Interface
~  Byte-oriented 2-wire Serial Interface (Philips FC compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator
Interrupt and Wake-up on Pin Change

Lampiran 3. Datasheet 1
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‘e Special Microcontroller Features o .

~ Pawer-on Resetand Programmable Brown-out Detection

~ Intemal Calibrated Oscillatar

~ External and Internal Interrupt Sources

—  Six Sleep Modes: Idle, ADC Naise Reduction, Power-save, Power<down, Standby, and Extended Standby
* |/O and Packages

~ 23 Programmable |/O Lines ' »

- 28-pin PDIP, 324ead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:

-~ 1B-55V
» Temperature Range:

~ 40°Cto85C
e Speed Grade: .

~ 0-4MHz@1.8-5.5V, 0- 10MHz@2.7 - 55.V, 0- 20MHz @ 4.5- 5.5V
* Power Consumption at 1MHz, 1.8V, 25°C

~ Active Mode: 0.2mA

- Power<down Mode: 0.1pA

~ Power-save Mode: 0.75pA (Including 32kHz RTC)

repository
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DT-SENSE

SHT11 MODULE

DT-S5ense SHT11 Mosuls menspakan suat modul
semsor sufis dan kelembaban yang berbasis Sensidon
SHT11 [werw sensirion.com] dengan antanmmuia Two-
'Wire: Serial inferface. Modul inl dapal dapikaskan dalam
sifem pengendall suhu dalam ruang albau  sisiem
weather siation

‘Spesificas) Hardware

1. Range suh 407G [-40°F) hingpa
HILAC [(+2M.5°F)

I Akurasl subu &L 0.5C pada 207C

1 Fange isembaban O hingga 1007 RH

4. Aoasi AH absoluf @ =~ 3.0% RH

3 Falkdor benluik ;S pnDP - 05

. Eonsams daya rendah Mpikal 30 o)

7. Tegangan supply +3VDC

Fin Fancsi
Iham
1 ek
4 Lircuns
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DT-SENSE

SHT11 MODULE

OT-Sense SHT11 Mofuls menpaian susf modul
semsr sufis dan kelembaban vang berbasis Sensidon
SHT11 [werw sensirion.com] dengan antanmmuia Two-
Wire Serial inferface. Modul inl dapal dapkyskan dalam
sifem pengendall suhu dabwm ruang abw  sisiem
weather siation

1. Fange suhu :40°C |-40°F) hingga
+123,07C [(+2H.5°F)
I Aorasi subu 4. 05T pada 2T
1. Range islembaban O hingga $00% RH
4. Akurasi BH absolu &L 3.5% AH
3. Fakior benluk : 8 pinDF - 05
& Eonsumsl daya rendah fpikal 30 oW
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Disclaimer and Copyright Notice

Information in this document, including URL references, is subject to change without natice,
THIS DOCUMENT IS PROVIDED "AS IS” WITH NO WARRANTIES WHATSOEVER,
INCLUDING ANY WARRANTY OF MERCHANTABILITY, NON-INFRINGEMENT, FITNESS FOR
ANY PARTICULAR PURPOSE, OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY
PROPOSAL, SPECIFICATION OR SAMPLE. Al liability, including liability for infringement of
any proprietary rights, relating to use of information in this document 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 WiFi Alliance.

All trade names, trademarks and registered trademarks mentioned in this document are
property of their respective owners, and are henbyad:nowhdgod

Copyright © 2015 Espressif Systems. Al rights reserved.
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Espressif Systems ESPRIGE Datashest
1. General Overview

1.1. Intreduction

Espressif Systems’ Smart Connectivity Platform (ESCP) is a set of high performance, high integration
wireless 50Cs, designed for space and power constrained mabile plathorm designers. It provides,
unsurpassed ability to embed WiFi capabilities within other systerms, or to function as a standalome
application, with the lowest cost, and minimal space requirement.

' =
] Az IrdaeiTaa
; I RED
il =l =
i |sm| |m=n:|J
| tssbactar | [ = |
sRAN || PR |

Figure 1 ESPB26SEX Block Diagram

ESPA2ALEX offers a complete and self-contained WiFi networking selution; it can be used to host the
application or to ofload WiF networking functions from another application processor.

When ESPE266EX hosts the application, it boots up directly from an external flash. In has integrated
cache to improve the perdormance of the system in such applications.

Alrernately, serving as a WiFi adapter, wireless internet access can be added wo any micro controller-
based design with simple connectivity (SPYSDIO ar BCAUART interdace).

ESPA2ALEX is among the most integrated WiRi chip in the industry; it integrates the antenna
switches, RF balun, power amplifier, low noise receive amplifier, filkers, power management modules,
it reqquires minimal external circuitry, and the entire solution, including front-end module, is designed
to eccupy minimal PCE area.

EsPE266EX also imegrates an enhanced version of Tensilica’s L106 Diamond series 32-bit processor,
with on-chip SRAM, besides the WiFi functionalities. ESPE264EX is often integrated with external
sensors and other application specific devices through its GPIOs; sarmple codes for such applications
are provided in the software development kit [SDK]).

Espressif Systems L Jurst 1, M5
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Espressif Systems’ Smart Connectivity Platform (ESCP) demonstrates sophisticated system-level
features include fast deep/wake context switching for energy-efficient VoIP, adaptive radio biasing
for low-power operation, advance signal processing, and spur cancellation and radio co-existence
features for common cellular, Bluetooth, DDR, LVDS, LCD interference mitigation.

repository

1.2. Features

e B02.11 b/gin

*  Integrated low power 32-bit MCU
*  Integrated 10-bit ADC

*  Integrated TCP/IP protocol stack
*  Integrated TR switch, balun, LNA, power amplifier and matching network
*  Integrated PLL, regulators, and power management units

*  Supports antenna diversity

*  WiFi 2.4 GHz, support WPA/WPA2

*  Support STA/AP/STA+AP operation modes

®  Support Smart Link Function for both Android and 105 devices

*  SDIO2.0, (H) SPL, UART, 12C, 125, IR Remate Control, PWM, GPIO

e STBC, 1x1 MIMO, 2x1 MIMO

*  A-MPDU & A-MSDU aggregation & 0.4s guard interval

*  Deep deep power <10uA, Power down leakage current < Sul

*  Wake up and transmit packets in < 2ms

*  Standby power consumption of < 1.0mW (DTIM3)

*  +20 dBm output power in 802.11b mode

*  Operating temperature range -40C - 125C

FCC, CE, TELEC, WiFi Alliance, and SRRC cerified

§
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— Contificatas FCC/CE/TELEC/SRRC
WiFi Protocles 802.11 big/n
Fraquency Range 2.4G-25G (2400M.2483 5M)
802.11 b: +20 dBm
T Powar 802.11 g: +17 dBm
WiFi Paramters 802.11 n: +14 dBm
802.11 b:-91 dbm (11 Mbgps)
Rx Sensttivity 802.11 g: -75 dbm (54 Mbps)

802.11 n:.72 dbm (MCS7)
PCB Trace, Extarnal, IPEX Connactor,

Typas of Antenna Coramic Chip
UART/SDIO/SPI/I12C/25/1R Remata Control
el GPIOPWM
Oparating Voltage 3.0-34V
Hardware Oparating Currant Average valua: 80mA
Paramaters Operating Temperatura Range | -40°-125°
Ambiant Tomperature Ranga Normal temparature
Package Sae SxSmm
External Intarface N/A
WiFi mode station/softAP/SoRAP +station
Secunty WPA/WPA2
Encryption WEP/TKIP/AES
. Firmware Upgrada UART Download / OTA (via natwork)
e

1Ped, TCP/UDP/HTTP/FTP
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1.4. Ultra Low Power Technology

ESPB266EX has been designed for mobile, wearable electronics and Internet of Things applications
with the aim of achieving the lowest power consumption with a combination of several proprietary
technigues. The power saving architecture operates mainly in 3 modes: active mode, sleep mode
and deep sleep mode.

By using advance power management techniques and logic to power-down functions not required
and to control switching between sleep and active modes, ESPB266EX consumes about than 60uA in
deep sleep mode (with RTC dock still running) and less than 1.0ma {DTIM=3) or less than 0.5ma
{DTIM=10) 10 stay connected to the access paint.

When in sleep mode, only the calibrated real-time clock and watchdog remains active, The real-time
clock can be programmed to wake up the ESPE266EX at any required interval.

The ESP8266EX can be programmed to wake up when a specified condition is detected. This
minimal wake-up time feature of the ESPB266EX can be utilized by mobile device SOCs, allowing
them to remain in the low-power standby mode until WiFi is needed.
In order to satisfy the power demand of mobile and wearable electronics, ESPB266EX can be
programmed to reduce the output power of the PA to fit various application profiles, by trading off
range for power consumption.

1.5. Major Applications
Major fields of ESP8266EX applications to Internet-of Things include:

§
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Espressif Systems ESPE2GS Dotasheet

2. Hardware Overview
2.1. Pin Definitions
The pin assignments for 32-pin OFM package is illustrated in Fig 2.

I
v

— 3 oo o
— 2 s mm‘.ﬂ_
—3 voooes FO_DATAD o —
—&| vo.RTC S0 oD e —

7 our B0_DATAZ
N i

HE2
EEEE 555

Siaaies

Figure 2 Pin Assignments

Table 2 below presents an overdiew on the general pin attributes and the functions of each pin.

Tabde 2 Pin Definitions
1 YODA 1 Analog Powar 3.0 -3.6V
RF Antenna Imarface. Chip Cutput iImpedanca=500
Z LMA (fs] Mo matching required but wa recommand that the n-typa
matching netwark is retained.
VDD3IP3 1 Amplifiar Posar 3.0-14%
Amplifiar Powar 3.0-3.6V

UNIVERSITAS
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[ = B8 ADC Pin (note: an internal pin of the chip) can be used to
2 4 ok | |checkthe pawer voitage of VDD3P3 (Pin 3 and Pind) or the
input voltage of TOUT (Pin 4). These two functions cannot be
used simultancously.
ip Enable.
’ FABERN I oﬁ:';:otl.d\p works properly; Low: Off, small current
8 XPD_DCDC VO  |Desp-Slosp Wakeup: GPIO1&
9 MTMS VO  |GPIO14; HSPLCLK
10 MTDI YO |GPID12; HSPLMISO
1 VDDPST P |Digital/lO Power Supply {1.8V-3.3V)
12 MTCK VO |GPIO13; HSPLMOSI; UARTO_CTS
13 MTDO VO | GPIOIS; HSPLCS; UARTO_RTS
14 GPIO2 VO  |UART Tx during flash programming; GPIO2
15 GPIOD o  |GPIOD; SPI_CS2
16 GPIO4 vo  |GPiod
17 VDDPST ?  |Digital/iO Power Supply {1.8V-2.3V)
18 SDIO_DATA_2 VO |Connectto SD_D2 {Series & 200Q) SPIMD; HSPIMD; GPIO?
19 SDIO_DATA_3 VDO |Connectto SD_D3{Series R 200Q); SPIWP; HSPIWP; GPIO10
20 SDIO_CMD VO  |Connectto SD_CMD (Serias R: 200Q); SP1_CS0; GPIOT1
2 SDIO_CLK VO  |Connectto SD_CLK (Seres R: 200Q), SPI_CLK; GPIO&
22 SDIO_DATA_O VO  |Connectto SD_DO{Series R 200Q) SPILMSIO; GPIO7
23 SDIO_DATA_1 VO  |Connectto SD_D1{Series R 200Q) SPI_MOS GPIOB
24 GPIOS vo |ceios
25 LORXD VO |UART Rx during flazh programming; GPIO3
26 UOTXD VO  |UART Tx during flash progamming; GPION; SPL_CS1
Connoct to oscillator can be used to eT
27 XTAL OUT .- S o mm P e
28 XTALIN V0 |Connectto crystal oscillator input
29 vDDD P |Anslog Power 2.0V-3.4V
30 VDDA P |Anslog Power 2.0V-3.6V
Senal connaction with a 12 kQ resistor and connact to the
n RES12K L e
Extornal resat signal (Low voltage leval: Active)

§
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Note: GP102, GPIOO, MTDO can be configurable as 3-bit SDIO mode.

repository

2.2. Electrical Characteristics

Table 3 ESP8266EX Electrical Characteristics

Storage Temperature Range -40 Normal 125 °c
IPC/JEDEC J-

Maximum Sokienng Termperature 260 “c
Working Voktage Value 30 a3 a8 v
VM -0.3/0.75V0 0.25Vp/3.6 v

o VouVow N/OBV 0.1VioN
hax 12 mA
Electrostatic Discharge (HBM) TAMB-25°C 2 KV
Electrostatic Discharge (COM) TAMB-25°C 05 Kv

2.3. Power Consumption

The following current consumption is based on 3.3V supply, and 25°C ambient, using internal
regulators. Measurements are done at anténna port without SAW filter. All the transmitter’s
measurements are based on 90% duty cyde, continuous transmit mode.

Table 4 Description on Power Consumption

Tx802.11b, CCK 11Mbps, P OUT«+17dBm 170

Tx 802.11g, OFDM 54Mbps, P OUT =+15dBm 140

Tx802.11n, MCS7, P OUT =+ 13dBm 120

Rx 802.11b, 1024 bytes packet length . -80dBm

Rx 802.11g, 1024 bytes packet length, -70dBm

Rx B02,11n, 1024 bytes packet length, -65d8m
Modem-Sleap(D

51522332333

i
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{1): Modem-Sleep requires the CPU to be working, & in PWs or 125 applications. According to
B02.11 standards {like U-APSD), it saves power to shut down the WiFi Modem cincuit while
magirtaining & WiFi connection with no data transmission. E.g.in DTIM3, to maintain 8 sleep 300ms-
wake 3ms cycle to receive APs Beacon packages, the current is about 15ma,

3 During Light-Sleep, the CPU may be suspended in applications like WiFi switch. Without data
transmission, the WiFi Modem circuit can be turmed off and CPU suspended to save power
according to the 802,11 standand (U-APSD). E.g.in DTIM3, to maintain a sleep 300ms-wake Ims
cycle to receive AP's Beacon packages, the current is about 0.8ma.

(3: Deep-Sleep does not reguire WiF connection to be maintained. For application with long time
lags bevween data transmission, e.g. 8 termperature sensor that checks the temperature every 100s,
sleep 300s and waking up o connect to the AP (taking about 0.3~ 1s), the overall average current is
leas than 1ma.

2.4. Receiver Sensitivity

The following are measured under room temperature conditions with 3.3V and 1.1V power supplies.
Table 5 Receiver Sensitivity

Input fraquency 2412 2484 MHz

Input impedance 50 Q

Input reflaction -10 dB
Output powar of PA for 72.3Mbps 15.5 165 17.5 dBm
Owutput power of PAdfor 11k moda 195 205 215 dBm

Sansativity
G55, 1Mbps -98 dBm
CCK, 11Mbps - dBm
GMbps (12 BPSK) -23 dBm
SaMbps (314 G4-0AM) -TE dBm
HT.20, MC57 [45Mbps, 72.2Mbps) -72 dBm
‘Adjacent Channel Rejection

OFDM, 4Mbps 7 dB

OFDM, S4Mbps P dB

HT30, MCS0 7 dB

il
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25. McCuU

ESPB264EX is embedded with Tensilica L106 32-bit micro controller (MCU), which features extra low
power consumption and 16-bit RSIC. The CPU dock speed is 80MHz. It can also reach a maximum
value of 160MHz. Real Time Operation System (RTOS) s enabled. Currently, only 20% of MIPS has
been occupied by the WiFi stack, the rest can all be used for user application programeming and
development. The following interfaces can be used to connect to the MCU embedded in
ESP8266EX:

*  Programmable RAM/ROM interfaces (iBus), which can be connected with memory controller,

and can also be used to visit extérnal flash;

e Data RAM interface {dBus), which can connected with memory controller;
*  AHBinterface, can be used to visit the register.

2.6. Memory Organization
26.1. Internal SRAM and ROM

ESP8266EX WiFi SoC is embedded with memory controller, including SRAM and ROM. MCU can visit
the memory units through iBus, dBus, and AHB interfaces. All memory units can be visited 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 provided, SRAM space that is available to users is assigned

as below:

* RAMsize < 36kB, that is to say, when ESP8266EX is working under the station mode and is
connected to the router, programmable space accessible to user in heap and data section is
around 36kB.)

*  There is no programmable ROM in the SoC, therefore, user program must be stored in an

external SPI flash.

2.6.2. External SPI Flash
An external SP1 flash is used together with ESPB264EX to store user programs. Theoeetically
speaking, up to 16 Mbyte memory capacity can be supported.
Suggested SPI Flash memory capacity:

o OTAis disabled: the minimum flash memory that can be supported is 512 kByte;

o OTAis enabled: the minimum flash memory that can be supporsed is 1 Mbyte.

Several SPI modes can be supported, including Standard SP1, Dual SP1, DO SP1, QIO SPI, and Quad
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Therefore, please choose the correct 5P mode when you are downloading into the flash, othenwise
firrmwares/programs that you downloaded may not work in the right way.

2.7. AHB and AHB Blocks

The AHB blocks performs the function of an arbiter, controls the AHB interfaces from the MAC, SDIO
(host) and CPU. Depending on the address, the AHB data requests can go into one of the two slaves:
AFE block, or

flash controller jusually for standalone applications).

[iara requests to the memory controller are usually high speed requests, and requests wo the APB
block are usuwally register access.

The APB block acts as a decoder. ltis meant only for sccess to programmable registers within
ESPE26E' main blocks. Depending on the addreas, the APB request can go o the radia, SISPI, SDIO
(host), GPIC, LART, real-time clock (RTC), MAC or digital baseband.

:
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3. Pins and Definitions

The chipset encapsulates variable analog and data transmission V0s, descriptions and definitions of
which are explained below in detail.

repository

31. GPIO

3.1.1. General Purpose Input/Output Interface (GPIO)

There are up to 17 GPI0 pins. They can be assigned to various functions by the firmware. Each GPIO
«can be configured with internal pull-up (except XPFD_DCDC, which is configured with internal pull-
down), input svailable for sarmpling by & software register, input tiggernng an edge or level CPU
interrupt, input triggering a level wakeup interrupt, open-drain or push-pull cutput driver, or output
source from a software register, or & sigma-delta PW DAC.

These pins are multiplexed with other functions such as [2C, 25, UART, PWM, IR Remote Contral, etc.

Data 1410 soldering pad is bidirectional and tri-state that include data input and output controlling
buffer. Besides, 110 can be sex as a specific stare and remains like this. For example, if you intend o
lerweer the power consurmption of the chip, all data input and output enable signals can be setas
remaining low power state. You can transpon some specific state into the VO, When the KOs not
powered by external circuits, the /O will remain to be the state that it was used the last time. Some
positive feedback is generated by the state-remaining function of the pins, therefore, if the external
driving power must be stronger than the positive feedback. Even 5o, the driving power that is
neaded is within Suwa,

Table & Pin Definitions of GPIOs

Input Low Viohage Vi 03 0I5=V v
Input High Voltage Vi 075V 31 W
Input Laakage Cumant I 50 ni
Output Low Voltage Ve 045V W
Chutput High Vohaga [T [T W
Input Pin Resistance Valug Crms F] pF
VDDIO Vo 18 11 [
Maximusm Driving Power s 12 ma
Temerpaturs Tors 40 125 °C

All digital 10 pins are protected from over-woltage with a snap-back circuit connected between the
pad and ground. The snap back voltage is typically about 6V, and the holding voltage is 5.8V This

Espressif Systems June 1, 2015
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[ = 1 provides protection from over-voltages and ESD. The outpit devices ae also protected from
[<B) reversed voltages with diodes.
e

3.2. Secure Digital Input/Qutput Interface (SDI1O)

Oine Slave 580 has been defined by ESPE2L6EX, the definitions of which are described in Table 7
below. dbit 25MHz SDIO 1.1 and &bit S0MHz SHO «2.0 are supported.

Table 7 Pin Definitions of SDI0s

SDI0_CLK 21 L6,
SOIO_DATAD 22 Ko7
SDIO_DWaTAY 23 Lu.:} SDH0_DATAT
SDNO_DATA_2 18 L) SDIC_DATA_2
SONO_DATA_3 1% Lak 1] SDIC_DATA_3
SDa0_CMD 20 Lk} ] SN0 _CkD

3.3. Serial Peripheral Interface (SPI/HSPI)

Currently, one general Slave/Master 5P, one Slave SDIDVSP), and one general SlaveMaster HSP
have been defined by ESPE2S6EX. Functions of all these pins can be implemented via hardware. The
pin definitions are are described below:

3.3.1. General SP1 (Master/Slave)
Table B Pin Definitions of General 5PIs

SO0 _CILK 1 e
SDN0_DATAD 22 Ko7
SDa0_DATAY 23 Lu.:}
SO0 _DATA 2 18 L)
SO0 _DATA_3 19 Lak 1]

SDID_CkD Lok} ]

L]
L]}

UDTHD
GMOD
[Espressif Systems
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= 33.2. SDIO/SPI (Slave)
g Table 2 Pin Definitions of SDI0 £ 5P (Slave]
T T [ ) I
SDI0_CLE Fal L] SPIL_SLAVE_CLK
SDIC_DATAD 22 o7 SPI_SLAVE_MISO
SDIC_DATAL 23 L] SPI_SLAVE_INT
SDID_DaTA_2 18 e NC
SDI0_DATA 3 Lk 010 SPLSLAVE C5
SDI0_CMD 20 211 SPI_SLAVE_MOSI

3.3.3. HSPI (Master/Slave)

MNote:
- 5P mode can be implemented via software programming. The clock frequency can reach up o
& maximum value of B0MHz.

*  Function of Slave SDICVSP! interface can be implermented via hardware, and linked list DMA,

| Direct Memory Access) is supported, software overheads are smaller. However, there is no
linked list DMA on general 5Pl and HSPL, and the software overheads are larger, therefore, the
data transmitting speed will be restrained by software processing speed.

3.4. Inter-integrated Circuit Interface (12C)

O 12C, which is mainly used o connect with micro controller and other peripheral equipment such
&% sensors, is defined by ESPR24EEX. The present pin definition of [2C is as defined below:

W
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Q_ Table 11 Pin Definitions of 12C
= [ pemame [ memen 0 [ FunconMeme |
MTMS 9 o4 I2C_SCL
GMO2 14 102 12C_S0

Both 2C-Master and 2C-Slave are supported. 120 interfece functionality can be realized via sofwarne
programming, the clock frequency can be up to around 100KHz at most. it should be noted that 2C
clock frequency should be higher than the slowess clock frequency of the slave device.

3.5 l12s

Currently one 125 data input interdface and one 125 data output imerface are defined. 125 interface is
mainly used in applications such as data collection, processing, and transmission of audio data, as

well as the input and output of serial data. For example, LED lights (W52812 series) are suppomed.
The pin definition of 125 is as defined below:

Table 12 Pin Definitions of 125

MTH 10 1012
MTCK 12 1012
MTME ] 1214
MTDO 13 1015
UDAXD 25 o3
GPo2 14 0oz

125 functionality can be realized via software programming, the GPICs that will be used are
multiplexed, and linked liss DMA, is supported.

3.6. Universal Asynchronous Receiver Transmitter (UART)
Two UART interfaces, LARTO and UART1, have been defined by ESPEZSGSEX, the definitions are as

§
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Table 13 Pin Definitions of UART Interfaces

Data transfers to/from UART interfaces can be implementad via hardware. The data transmission
speed via UART interfaces can reach 11520040 (4.5Mbps),

UARTO can be for communication. kt supports fluid control, Since UART1 features only data transmit
signal (Tx), itis usually used for printing log.

Notes: By defauls, UARTO will cutput some printed information when the device is powered on and is
booting up. The baud rate of the printed information is dosely related to the frequency of the
external crystal oscillator. If the frequency of the crystal oscillator is 40MHz, then the baud rate for
ptinting is 115200; if the frequency of the crystal oscillator is 26MHz, then the baud rate for printing
is 74880. if the printed information exerts any influence on the functionality of your device, you'd
beteer block the printing during the power-on period by changing (USTXD, UBRXD) to (MTDO, MTCK).

3.7. Pulse-Width Modulation (PWM)

Four PWM output interfaces have been defined by ESPE266EX. They can be extended by users.
themselves. The present pin definitions of the PWM interfaces are defined as below:

Table 14 Pin Definitions of PWM Interfaces

MTDI 10
MTDO 12
MTMS 9
GPIO4 16 104

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 can reach as much as 44 ns. PWM frequency range is adjustable from 1000 us to 10000 us,
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i.e., between 100Hz and 1KHz. When the PWM frequency is at 1 KHz, the duty ratio will reach
1722727, and over 14 bit resolution will be achieved at 1KHz refresh rate.

3.8. IR Remote Control

Cutrently, only one Infrared remote control interface is defined, the pin definition is as below:
Table 14 Pin Definition of IR Remote Control

MTMS 9 1012 IR Tx
GPIO5 24 105 IR Rx

The functionality of Infrared remote control interface can be implernented via software
programening. NEC coding, modulation, and demodulation are used by this interface. The frequency
of modulated carrier signal is 38KHz, while the duty ratio of the square wave is 1/3. The length of
data transmission, which is around 1m, is determined by two factors: one is the maximum value of
rated current, the other i internal current-limiting resistance value in the infrared receiver, The larger
the resistance value, the lower the current, so is the power, and vice versa. The transmission angle is
between 15° and 30°, and is mainly determined by the radistion direction of the infrared receiver.

Notes: Among the eight interfaces mentioned above, most of them can be multiplexed. Fin
definitions that can be defined is not limited 0 the eight ones herein mentioned, customers can self
customise the functions of the pins according to their specific application scenarios. Functions of
these pins can be implemented via software programeming and hardware.

3.9. ADC(Analog-to-digital Converter)

ESPB264EX is embedded with a 10-bit precision SARADC. Currently, TOUT (Piné) is defined as ADC
interface, the definition of which is described below:

TOUT & ADC Interface

Table 16 Pin Definition of ADC
The following two applications can be implemented using ADC (Finé). However, these two
applications cannot be implemented concurrently.
o Testthe power supply voltage of VDD3P3 (Pin 3 and Pin 4).

The function used to test the power supply voltage on PA_VDD pin is: uint16
system_gel_vdd33{void)

®  Testthe input voltage of TOUT (Pin &)
Espressif Systems
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The function used to test the input voltage of TOUT is: uint16 system_adc_read(vold)
RF-1n1t parameser in the following passage refers to esp_init_data_default.bin

Application One: Test the power supply voltage of VDD3P3 (Pin 3 and Pin 4).
MHardware Design: TOUT must be dangled.

RF-init Parameter: The 107th byte of esp_init_data_default.bin (0-127 byte),
“vdd33_const”, must set to be 0xFF, i.e, the value of “wdd33_const” is 255.

RF Calibration Optimize the RF circuit conditions based on the testing results of VDD 3P (Pin 2
Process: and Pind).

UserProgramming:  Use system_get_vdd33 instead of system_adc_read.

Application Two: Tast the input voltaga of TOUT (Pin 6).

Hardware Design: - The input voltage range is 0 to 1.0 V when TOUT is connected to external
Gircuit.
The value of the 107th byte of esp_init_data_default.bin (0-127
byte), “wdd33_const’, must be set to be the real power supply voltage of Pin
3andPind,

The working power voltage range of ESPB266EX is between 1.8V and 3.6V,
while the unit of "wdd33_const” is 0.1V, therefore, the effective value range
of “vdd33_const” is 18 to 36.

Optimize the RF circuit conditions based on the value of "vdd33_const”.
Process: The permissible error is 0.2V,

User Programming:  Use system_adc_read instead of system_get_vdd33.

Note One:

InRF_init parameter esp_init_data_default.bin (0- 127 byte), the 107th byte is defined as
“vdd33_const”. Definitions of *vdd33_const" is described below:

(1) i vdd33_const = 0xff, the power voltage of Pin 3 and Fin 4 will be tested by the internal self-
calibration process of ESP8266EX chipset itself. RF circuit conditions should be optimized according

§
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(2) 18 =< vadd33_const =< 34, ESPA264EX RF Calibration and optimization process is
implemented via (wdd33_const'10].

(3} Wwdd33_const < 18 or 36 < vdd33_const < 255, ESPE264EX RF Calibration and optimization
process is implemented via the default value 3.0V,

Mote Two:

Function systen_get_vdd33 is used to test the power supply voltage of VDD3IFI (Pin 3 and Pin 4}
Deetails on this function are described below:

(1) PinTout must be dangled. The 107th byte of esp_init_data_default.bin {0- 127 bye),
“wrld33_const”, must set 1o be OxFF.

{2} Hthe 107th byre of esp_init_data_default.bin {0 - 127 byte), "vdd33_const®, is equal o
Batf, the returned value of function system_get_vdd33 will be an effective value, otherwise Bx 11
will be returmed.

(3} The unit of the retumed value is: 1/1024 V.

repository

Mote Three:

Function syssern_adc_read is defined to tess the input voltage of Pin TOUT (Pin &). Details en this
function are described below:

(1) The value of the 107th byte of esp_init_data_default.bin (0- 127 byte), “vdd33_const”,
rmust be set to be the real power supply voltage of Pin 3 and Pin 4.

12) Wehe 107th byre of esp_init_data_default.bin (0 - 127 byte), “vdd33_const”, is NOT
equal to 8xT T, the returned value of systen_adc_read will be an efective value of the input voltage
of Fin TOUT, otherwise 8xf1 11 will be retumed.

(3} The unit of the retumed value is: 1/1024 V.

3.10. LED Light and Button

ESPA26AEX features up to 17 GPHOs, all of which can be assigned to realise various functions of LED
lights and buttons. Definitions of some GPIOs that are assigned with certain functions in our demo
application design are shown below:

Table 17 Pin Definitions of LED and Button

MTCK 12 o3 Button [ Resst)
GPHCD 15 100 WiFi Light

§
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Alogether three interfaces have been defined, one is for the button, and the other two is for LED
light. Generally, MTCK is used to control the reset button, GPIO0 is used as an signal to indicate the
WiFi working stase, MTDH i< used as a signal light to indicate communication between the device and
the serer.

Mota: Among the nine interfaces mentioned above, most of them can be multiplexzed. Pin
definitions that can be gefined is not limited to the eight omes herein mentioned,
customers can self customise the functions of the pins according to their specific
application scenartos. Functions of these pins can be implemented wia software
programming and hardware.

:
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4. Firmware & Software Development Kit

The application and firmware is executed in on-chip ROM and SRAM, which loads the instructions
during wake-up, through the SDIO interface, from the external flash.

The firmware implements TCP/IP, the full 802.11 b/g/n/e/i WLAN MAC protocol and WiFi Direct
specification. It supports not only basic service set (BSS) operations under the distributed control
function {DCF) but also P2P group operation compliant with the latest WiFi P2P protocol. Low level
protocol functions are handled automatically by ESPB266:

RTS/CTS

acknowledgement

fragmentation and defragmentation

aggregation

frame encapsulation (802.111WRFC 1042)

automatic beacon monitoring / scanning, and

P2P WiFi direct

Passive or active scanning, as well as P2P discovery procedure is performed autonomously once
initiated by the appropriate command. Power management is handied with minimum host
interaction to minimize active duty period.

repository

4.1. Features

The SDK includes the following Mbrary functions:

= B02.11 blg/n/d/e/l/r support;

*  WIFi Direct (P2P) support:

*  P2P Discovery, P2P Group Owner mode, P2P Power Management

+  Infrastructure BSS Station mode / P2P mode / softAP mode support;

. Hardware accelerators for CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WAP! (SMS4),
WEP (RC4), CRC:

«  Additional BO2.11| security features such as pre-authentication, and TSN;

+  Open Interface for various upper layer authentication schemes over EAP such as TLS, PEAP,
LEAP, SIM, AKA, or customer specific;

*  B02.11n support (2.4GHz);
«  Supports MIMO 1x1 and 2x1, STBC, A-MPDU and A-MSDU aggregation and 0.4ys guard
interval;

Espressif Systems June 1,205
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Multiple quews management to fully utilize traffic prontization defined by B02.11e standard;
LA compliant and certified;

BO2.1h/RFC1042 frame encapsulateon;

Scattered DMA for optimal CPU off load on Zero Copy data transfer aperations;

Antenna diversity and selection (software managed hardware);

Clock/power gating combined with 802.11-complant power management dynamically adapted
to cument connection condithon providing minimal power conswamption;

Adaptive rate fallback algorithm sets the optimum transmission rate and Tx power based on
aciual SNA and packet koss information;

Automatic retranasmission and response on MAG to evold packet discarding on slow host
environment;

Seamiless roaming support;

Configurable packet traffic arbitration (PTA) with dedicated slave processor based design

provides flexible and exact timing Bluslooth co-existence support for & wide range of Bluetooth
Chip vendors;

Dwuial and ﬂngha antenna Blustooth co-axstencea 'SLIPPCI'I with ﬂ'ﬂtﬂl’ﬂl simulansous eoaive
[WiFi/Blustooth) capability.

Power Management

The chip can be put into the following states:

OFF: CHIP_PD pin is low. The RTC is disabled. All registers are cleared.

DEEP_SLEEP: Only RTC is powered on - the rest of the chip is powered off. Recovery memary
of RTC can keep basic WiFi conmecting information.

SLEEF: Only the RTC is operating. The crystal oscillator is disabled. Any wakeup events (MAC,
hiost, RTC timer, external interrupts) will put the chip into the WAKEUP state.

WAKEUF: In this state, the system goes from the sleep states to the PWR state. The crystal
oacillator and PLLs are enabled.

OM: the high speed dock is operational and sent to each block enabled by the clock contral
register. Lower level clock gating is implemented at the block level, including the CPU, which
can be gated off using the WAITI instruction, while the systern is on.

Espressif Sysiems w3 Juns 1, 2015
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Figure 2 lllustration of Power Management

6. Clock Management
6.1.  High Frequency Clock

The high frequency clock on ESP8246EX is used to drive both transmit and receive mixers. This dock
is generated from the intemnal crystal oscillator and an external crystal. The cryseal frequency can
range from 26MHz to 52MHz.

While internal calibration of the crystal oscillator ensures that a wide range of crystals can be used, in
general, the quality of the cryseal is still & factor to consider, to have reasonable phase noise that is
required for good performance. When the crystal selected is sub-optimal due 1o large frequency
drifts or poor Q-factor, the maximum throughput and sensitivity of the Wi system is degraded.
Please refer to the application notes on bow the frequency offset can be measured.
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[ = B Table 18 High Frequency Clack
(=B
— [ eometw ] smboi [ M [ e [ um |
Fregquancy FxQ 24 52 MiHz
Motional capacitance CM 2 5 pF
Saries resistanca RE a a5 jn]
Frequancy toleranca AFXD -15 15 PR
M“E‘““ﬁ":' AFXC Temp 15 15 ppm

6.2, External Reference Requirements

Far an extemally generated cock, the frequency can range from 260MHz to 52MHz can be used. For
good performance of the radio, the following characteristics are expected of the clock:
Table 19 External Clock Reference

Clock amplituda
Extarnal clock accuracy
Phase nose @1kHz ofsat, 40MHz clock
Phase noisa @10kMz offsat, 40MHz clock
Phasa noisa @ 100kHz offset, 40MHz clodk

7. Radio

The ESPE264EX radio consists of the following main blocks:
- 2 AGHz receiver
*  24GHz transmitter
. High speed dock generators and crystal oscillator
. Real time clock
Bias and regulators
Porwear manage ment
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2 The RF transceiver supports the following channels according to the IEEEBO2.11b/g/n standards.
Table 20 Frequency Channel
Channel No Fraguency (MHz) Channel No Frequency {MHz)
1 2412 D447
2 2417 o 2452
E 2422 10 2457
4 2427 i D482
5 2430 12 D487
& 2437 13 2472
7 2442 14 2484

7.2. 2.4 GHz Receiver

Thi 2. 4GHz receiver downconverts the RBF signal to guadrature baseband signals and converts them
to the digital domain with 2 high resolution high speed ADCs To adapt to varying signal channel
conditions, RF filkers, automatic gain control (AGC), DC offset cancelation circuits and baseband
filters are imegraved within ESPE286EX.

7.3. 2.4 GHz Transmitter

The 2 AGHz transmitter up-converts the quadrature baseband signals to 2.4GHz, and drives the
antenna with & high powered CMOS power amplifier. The use of digital calibration further improves

the linearity of the power amplifier, enabling a state of art performance of delivering +19.5dBm
average power for 802.11b transmission and +14dBm for B02.11n transmission.

Additional calibrations are integrated to cancel any imperfections of the radio, such as:
» carrier leakage,
= 0 phase matching, and
» baseband nonlinearities
This reduces the amount of time required and tes: equipment required for production tessing.

7.4. Clock Generator

The dock generator generates quadrature 2.4 GHz clock signals for the receiver and tranamitter. All
componernts of the clock generator are integrated on-chip, including:

[Espressif Systems June 1, 2015
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[ e T » inductor,

(=] » varactor, and

L « loop filter

The dock generator has buitt-in calibration and self test circuits. Chuadrature clock phases and phase
noige are optimized on-chip with paterted calibration algorithms o ensure the best receiver and

transmitter performance.

8. Appendix: QFN32 Package Size
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systent
nominal voltage:
end charge voltage:

max. charge
carent

charge conditions
slandard charpe

fast charpe:
charging metnod

capacity

nominal
minimat

max. discharge
carrent:

e ime expectancy:
ambilent temperature
range

charge

dscharge

long term storage
‘welght

cimensions

data sheet

Uhium Jon-Sattery
v

4.2v

20CmA

230mA for 3,50 min
S00mA for 2,5h min
CC-CV (constant curment and constant voltage)

after standard charpe

200mAh a4 0,2C discharge o 2,75V
430mAh at 0,2C discharge
400mAh at 1C  dscharge

COmA

> 300 cydes

0..45°C
-20..60°C
~20...35°C Jess han 1 year)

18g
L1: 33,0mm

LZ 34, %mm
hi:40mm
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