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Abstract

This report describes a design, construction-and properties of an indoor grow
box that is used to-grow a small plant indoor. The device uses Arduino Duemilanove
Atmega328 as a main controller. It 'uses DHT-11 sensor to measure temperature and
humidity and display it on a 20x4 LCD. It can be programmed to turn lights on or off

and control watering. It can stabilize a temperature inside the box.
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1

g1uinANTY 20-90% RH  TesdiAiannuuiiug) + 5% RH Anuazdealun1sin 1 %
LEAINALUY 8 Um

guingamail 0 -50 ssmieaidea Tneddrmuwiug + 2 ssmwaides AuazBonly
N3iA 1 p9AIgalTod LARINALUY 8 U

il PIN 4 nnmeauidundagy

Aunssua 0.5 - 2.5 mA (Uaieviinsnan) Assfunsesu 3 - 5.5 VDC

i e

BUANEYRY 1M (Sample Rate) N 1 uad

DHT11 pins
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DATA
NC
GND
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MCU sends out DHT11 sends out

Vce  Start signal Response signal ' Sending 0 Sending 1

Gnd

......

e -&——><——-——a»-&-———> | > € -
»18ms 3&23 80 ps 80 us 50 ps 26-28 50 ps 70 ps

us HS
MCU signal Data transfer begins
DHT11 signal

guﬁ 2.5 msaNagig e

A58 bit 0 DHT11 avanusssulwihszduadunan 50 us udndznsadulnindunan 25-28 Hs
n3el bit 1 DHT11 azasissdulwiliseduanduag 50 us uaafinusssulniiduna 70 us

DHT 11 asdsloyatymar 40 bit Tu 40 bit 3vdsznaude

8bit integral RH data
- 8bit decimal RH data
- 8bit integral T data
- 8bit decimal T data

- 8bit check sum

W99 DHT11 dedeyeyins Arduine Aagin bit Aildludszaiana



2.51°C LCD

C dlou19n Inter Integrate Circuit Bus (IC) eu3undug31 PC Bus (lo-aumd-3-Ua)
msAeanseynsy wuudslasifa (Synchronous) Liteld finsideans szuine lulasmevlnsaiass
(MCU) fugunsaimeuen Fagniwauntulasuidn Philips Semiconductors lneldasdygrauiies
2 uwiniiu Ao serial data (SDA) wazans serial clock (SCL) 341150 Heusegunan S1uru

wang e i WWeneiul vinld McU Tdwesmuiies 2 wasawintu

v prdulne.ce

- PRONER ANLLOG
ASVERdny Q23

-
1"
w
-

1 GND N\ - Goun«:i

2 VCC +hVDE

3 SDA Serial Data
4 SCL Serial Clock
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Uil 2.7 mssedayauvy FC BUS

msiu-dsdayauuu 2C BUS MCU aziBusunsdsdayadaonis
- dvanuzi3udu (START Conditions) titewanenisuelita
- mwshe siaruAs (Control Byte) Saustnau feswid Yszdadhgunsal Device ID, Device
Address waz Mode Tunsidaunsasiudoys
- \dlegunsal ums1udn-MCU-oanns vefnsaseifednIuzsus (Acknowledge) iauds
T McU sufindeyaiiliduniiniugnses
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2.6 RTC DS1307
RTC DS1307 e IC §iunavasnadawiineudnines (Dallas Semiconductor) dvasuds

84

Yayaluu 12C Faduuuy 2 wire anusodeansld 2 fiamns (bi-direction bus) g1uIa1ve9 DS1307
iuaunsauiuoyn i, wid, Falus, S, i, dou wast 18 eEANV LR G R R g 7 P TTRTAT
24 alus vi3e 12 Holua AMPM Fl¢ mefisvuumsaaduunasinglu lngduvasieglnvdngnanly
DS1307 awnsaaiadluldlnanuunme’ uwasvhnudely Tnefidansnsninudoyalils Taswadred

viiue 8 fsuandluguil 1 uaviiswazniBeansineiuresidng o fail

X1 e T
X202 7 [3sQw/iouT
Vear ] 3 6 [ scL
eND L] 4 5 [JSDA

U7 2.8 RTC DS1307

vee: el +5v

GND: lgdansan

VBAT: dsofuiunaad 3v tiiesnwnsviieu lunsdiliilndeane
SDA: wnJudsiayasigszuuta 12C

SCL: v dyayrasiunfimdmiunssudedoyamuszuua 12
SQW/OUT: v nendinmdnyaial Square Wave dinsaidenaiiuile

X1, X2: l¥sofunianaanuiuinsgiu 32.768 kHz ieaiegruarasaliiu IC
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2.7 Keypad

#ann1slun1snsIaeuldisnis scan luflay Column JUATUNN Column LANLNRAIINT
- [=¢ E 7 1 © = 1 o:i 1 @ -ai
inisnevausseanuwdunuulatng Wy drdnisneae 1 o lwvuzfisnanouseiu 5 Thadlud
Colurmnn 9 1 2zl Row usnwiiuiiazeuan useiuld High ventdussdiu Low e &il
n1snady # og varh Scan luuday Column duazlsiaausadiu High 7 Row lawae aundiey Scan
lUis Column # 3 Feazwuindin1snauausinduanan Row 71 4 tues feudionuindums

Scan Column 7 3 wail Row 4 maUawDs Afeu '# Tueq

SU.2.9 n5avayay e
3 Y

Top Membrane

Layer
FEEA b il \\— 'Holes' Layer
e
Ll S e ST Bottom Membrane
N e A Layer
b Conductive
Traces

JU# 2.10 nsavanygad



12
UNNA 3

N138aNLLUU

lumseenuuugimizdgn aefidnvaniBudld miugesvana 80 wuiwas aoluang

v ar s

nazaeiuld 1 nszan duuusludiadmasnlidmiuliuaaineiuity Binaupeeniseen 2

51
@/

AUAIRAIMUR RARS

@ o @/

7 AInTlaseuINIARERALIEN Snﬁﬂ%’ﬁwmuaﬂamwnmﬁaaﬁuwnﬁqa

3 Y g W
¢ o W w a R [ v 2 - ] v
LUy DHT11 ?i'lﬁ’iU’JﬂEgmwQuLLaxﬂ'D’lﬂJ‘dul‘m’!EJ‘[uﬁ] Eﬂ’]uuuwadﬂzﬂxLUua?uVIS’JM’N%‘im’NEﬂU

it

9
L

Useneusay 2993dnelv, 2995fuiiad way Arduino dvutiuidmsusatiaguls wfnfsetnieuang

lasguihanduinisusnd

U7 3.1 gimsugniieanuvvluieiy



13

3.1 Power Supply

dmsulwihitneligunsalrineg vesfimzvgn avldonudnludu 220vAC) Taeldaneln

wanLie IgLAe Ua183193995 Power Supply 3181w 5VDC war 12vDC druiugunsaintelug

3/

Aasaluil
12VDC - 19a5duiiad, Waaussurveine, Waauusugamad (husiad), duh Ginudiad)
5VDC - Arduino

220VAC - viaaald (iusiae)

12vde

L

2V [T Y Supply

220Vac
il PN Y /w— Circuit

SVde
dglks

i Y ————— A

zzuv-el I
12Vdc
[o——

o | Relay Switch r__] =
Circuit E] St
RN

L ] ,0 .‘

JU7 3.2 manrglaesnigluginizugn



3.2 N15L8UMD Arduino

[ ]Relay Switch
[] Circuit

]

Input

(XX )

Duemilanove
Atmega328

DS1307 RTC oS¢ 1
(20) e - -
16x4 LCD 35— -
(12C) VCCl—e

GNDr *

FU9 3.3 nyaidausie Arduino fuaauseg
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3.3 Schematic

wie 1NA0DT
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3.4 Flow Charts

Neny

EEPROM read
Start operation prol)
Show display

Tum on Light Turn off Light Turn on Fump Tumn off Pump Reset Arduino

dy 1 dl Y o L 24 dl = 1 5 1 Y o ¥ ¢ Y 1%
wnanstluenashanulidmiunisidnuienisfinwwinu eugrelbnhluldusslovdmunisin

lidnsdllas visdu Bnnsnuilvidaudadilen uagsesanedisdivesenarsynasandnisluly



17

SO

Set time and Fan
Temperature

Set time to RTC . f
LCD print “Please press D” : 1

LCD print "Please press D”

Retum: to Meny a++

dy 1 dl Y o L 24 dl = 1 gj 1 Y o ¥ ¢ Y 1%
wnanstluenashanulidmiunisidnuienisfinwwinu eugrelbnhluldusslovdmunisin

lidnsdllas visdu Bnnsnudlvdaudadiien uagsesdnedisdivesenarsynasandnisluly
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3.4.1 %11 Menu

h 4

G,

1
=
=
=

i

bt
t

if (customKey =="A")
{

/]

Display and run

Auto mode
/!
}

if (customKey ==
{

/l

Set time and
Temperature

//

}

IBI)
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FlﬂuiFur

|

¥
3.4.1 LEmaInme

I

if (customKey =="#')
{

/!

Display timer

/!

)

I

If (customKey =="C')
{
/!

Set Timer storage
Data in EEPROM
il

}

If (customKey =='D")
{
1/

Reset Arduino

/!

resetFunc();

}

T Ty T
R Y

ot ke ke e
s
'l

]
el

e
vl

|
ad L)

il
A1
2

i
o




3.4.1 VULERINE

Box temperature

Lamp status

zl

0

|

;

If (customKey == "*)

{

//Turn on Lamp//
digitalWrite(light, HIGH);
lcd.setCursor(3, 3);
led.print("L on ");

}

If (customKey =="'0")

{

//Turn off Lamp//
digitalWrite(light, LOW);
lcd.setCursor(3, 3);
led.print("L off");

}

19

Fan setting’s
temperature

Humidity

Time

Pump status

T

If (customKey == '7")
i

//Turn on pump//
digitalWrite(pump,H
lcd.setCursor(9, 3);
led.print("P on ");

}

If (customKey == '*')

{

//Turn on pump//

IGH); digitalWrite(light, LOW);
lcd.setCursor(3, 3);
led.print("L on ");

}
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o

3.4.1 w6081 uazgumg

u

switch (customKey) {
case NO_KEY:
break;
case '0': case '1": case '2': case '3": case '4":

case '5': case '6': case '7': case '8": case '9': case 'D":

'lﬁl WrR BER
=‘lﬁl L
BEe EREE PERY

_BES EEN oEm
Euusl maw mam
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3.4.1 vinsanla/AnWuaz Uy

switch (custoﬁKey){ 0
case NO_KEY:
break;
case '0" case "1':case ‘2" case '3 case '4"

case'5"% case '6'; case '7": case'8'rcase ‘9" case 'D:

H
]
&
H
HH




3.6 Full Code

#include <Keypad.h>
#include <L.CD.h>
#include <LiquidCrystal 12C.h>
#include <dht11.h>
#include <DHT.h>
#include <Wire.h>
#include "DS1307.h"
#include <EEPROM.h>
#define DHTPIN 2

#define DHTTYPE DHT11
#define 12C_ADDR =~ Ox3F
#define BACKLIGHT PIN .3
#define En_pin 2
#define Rw pin 1
#define Rs pin 0

#define D4 pin 4
#define D5 pin 5
#define D6 pin 6
#define D7 pin 7

OHT dht(DHTPIN, DHTTYPE);
DS1307 clock;
void(* resetFunc) (void) = 0;
const byte ROWS = 4;
const byte COLS = 4;
char hexaKeys[ROWS][COLS] = {
£1', 2,73, W,
{4','5" '6', 'BY,



(7,'8,'9,'C),
{I*I’ |Ol, l#\, ID|}

B

byte rowPins[ROWS] = {14, 15, 12, 11};

byte colPins[COLS] = {9, 8, 7, 6};

Keypad customKeypad = Keypad( makeKeymap(hexaKeys)

int pump = 3;
int light = 4;
int fan = 5;
inti=o0;

inta=0;

char* TF = "0000000000";

char* LO = "0000000000000";

char* LF = "0000000000000000000000000000":

char* PO = "0000000000000000000000000000000000000000000000000000"™;

char* PF =

, rowPins, colPins, ROWS, COLS);

23

"00000000000000000000000000006000000000000000000000000000000000000000000000000

OIF;
LiquidCrystal _|2C
D7 _pin);

void setup()

{
Serial.begin(9600);
lcd.begin (16, 4);
clock.begin();
dht.begin();

lcd(I2C_ADDR; En_pin, Rw_pin, Rs_pin, D4-pin, D5_pin, D6_pin,



lcd.setBacklightPin(BACKLIGHT PIN, POSITIVE);
lcd.setBacklight(HIGH);

lcd.home ();

pinMode (fan, OUTPUT);
pinMode (light, OUTPUT);
pinMode (pump, OUTPUT);

led.setCursor(0, 0);
led.print("A : Display(Run)");
lcd.setCursor(0, 1);
led.print("B : Set time & T,
lcd.setCursor(0, 2);
led.print("C : Set timer");
lcd.setCursor(Q, 3);
lcd.print("D : Back to Menu");

void loop()

{

char customKey = customKeypad.getkey();

if (customKey == 'A))

{

clearScreen();

delay(500);

TF[5] = EEPROM.read(1);



TF[6] = EEPROM.read(2);

LO[1] = EEPROM.read(3);
LO[2] = EEPROM.read(4);
LO[3] = EEPROM.read(5);
LO[4] = EEPROM.read(6);

LF[1] = EEPROM.read(7);
LF[2] = EEPROM.read(8);
LF[3] = EEPROM.read(9);
LF[4] = EEPROM.read(10):

PO[1] = EEPROM.read(11);
PO[2] = EEPROM.read(12);
PO[3] = EEPROM.read(13);
PO[4] = EEPROM.read(14);
PO[5] = EEPROM.read(15);
PO[5] = EEPROM.read(16);

PF[1] = EEPROM.read(17);
PF[2] = EEPROM.read(18);
PF[3] = EEPROM.read(19);
PF[4] = EEPROM.read(20);
PF(5] = EEPROM.read(21);
PF[6] = EEPROM.read(22);

Serial.print(LO[1]);
Serial.print(LO[2]);
Serial.print(LO[3]);
Serial.print(LO[4]);
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Serial.print(LF[1]);
Serial.print(LF[2]);
Serial.print(LF[3]);
Serial.print(LF[4]);
Serial.print(PO[1]);
Serial.print(PO[2]);
Serial.print(PO[3]);
Serial.print(PO[4]);
Serial.print(PO[5]);
Serial.print(PO[6]);
Serial.print(PF[1]);
Serial.print(PF[2]);
Serial.print(PF[3]);
Serial.print(PF[4]);
Serial.print(PF[5]);
Serial.print(PF(6]):

lcd.setCursor(12, 0);
led.print((');
lcd.setCursor(15, 0);
led.print()');
lcd.setCursor(13, 0);
led.print(TF[5]) ;
led.print(TF6]) ;

for (inti=1; i++)
{ pro();
delay(100);
char customKey = customKeypad.getKey();

if



(customKey == "D

{
resetFunc();

}

if

(customKey == ")

{
digitalWrite(light, HIGH);
lcd.setCursor(3, 3);
led.print("L on ");

}

if

(customKey =="0")

{
digitalWrite(light, LOW);
lcd.setCursor(3, 3);
led.print("L off ");

}

if

(customKey == 7"

{
digitalWrite(pump, HIGH);
lcd.setCursor(9, 3);
led.print("P on ");

}

if

(customKey == '8

{
digitalWrite(pump, LOW);
lcd.setCursor(9, 3);
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led.print("P off");

}

}
}
) e B(Set Time and temp)---------—- //
if (customKey == 'B')
{

clearScreen();

delay(500);

lcd.setCursor(0, 0);
led.print("Time");
lcd.setCursor(0, 1);
led.print("Fan on-s");
lcd.setCursor(8, 0);
led.print(:;
lcd.setCursor(6, 0);
char customKey = customKeypad.getKey();
for ¢ 1201
char customKey = customKeypad.getKey();
switch (customKey) {
case NO KEY:
break;

case '0" case '1" case '2": case '3" case '4":

case 5 case '6" case '7": case '8" case '9': case 'D":
lcd.print(customKey);
if (int(customKey) == a);
{

++a;



if (@ == 1 && customKey I='D' )

{
nl = customKey;
}
if (@ == 2 && customKey = 'D")
{

lcd.setCursor(9, 0);

n2 = customKey;

}
if (@ ==3 && customKeyl="D)
{

n3 = customkKey;
}
if (@ == 4 && customKey I='D')
{

nd = customKey;
lcd.setCursor(9, 1);

}

if (@ ==5 && customKey !='D")

{
TF[5] = customKey;,
EEPROM.write(1, TF[5]);
clock fillByHMS((n1 - 48) *10.+ (n2-=-48),(n3 - 48) * 10 + (n4 - 48), 00);
clock.setTime();

}

if (@ ==6 && customKey I= D)

{
TF[6] = customKey;
EEPROM.write(2, TF(6]);

lcd.setCursor(0, 3):
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lcd.print("Please press D");
}
if (customKey == 'D')
{

resetFunc();

if (customKey == 'C")
{
clearScreen();
delay(500);
lcd.setCursor(0,-0);
led.print("Lfob 02"
lcd.setCursor(0, 1);
led.print('L of§\ :"#
lcd.setCursor(0, 2);
led.print('P on : 4"
lcd.setCursor(0, 3);
led.print("P off: : ")
lcd.setCursor(7, 0);
char customKey = customKeypad.getKey();
for & 104
char customKey = customKeypad.getKey();
switch (customKey) {
case NO KEY:
break;

30



31

case '0" case '1" case '2" case '3" case '4"
case '5": case '6" case 7" case '8 case '9": case 'D"
lcd.print(customKey);
if (intlcustomKey) == a);
{
++a;
if (@ ==1 && customKey I= 'D')
{
LO[1] = customKey;
EEPROM.write(3, LO[1]),
}
if @ ==2 &&customKey = 'D)
{
LO[2] = customKey;
EEPROM.write(d, LO[2]);
lcd.setCursor(10, 0);
}
if (@ ==3 && customKey 1= 'D)
{
LO[3] = customKey;
EEPROM.write(5, LO[3));
}
if (@ ==4 && customKey 1=D)
{
LO[4] = customKey;
EEPROM.write(6, LO[4]);
lcd.setCursor(7, 1);
}
if (@ ==5 && customKey = 'D)
{



LF[1] = customKey;
EEPROM.write(7, LF[1]);
}
if (@ == 6 && customKey I= D)
{
LF[2] = customKey;
EEPROM.write(8, LF[2]);

lcd.setCursor(10, 1);

}
if (@a==7 && customKey =D
{
LF[3] = customKey;
EEPROM.write(9, LF[3]);
}
if (@ == 8-&& customKey = ‘D)
{
LF[4] = customKey;
EEPROM.write(10, LF[4]);
lcd.setCursor(7,2);
}
if (@ ==9 && customKey !='D")
{
PO[1] = customKey;
EEPROM.write(11, PO[1]);
}
if @ == 10 && customKey != 'D')
{
PO[2] = customKey;
EEPROM.write(12, PO[2]);
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lcd.setCursor(10, 2);
}
if @ ==11 && customKey I='D")
{
PO[3] = customKey;
EEPROM.write(13, PO[3]);
}
if (@ == 12 && customKey I='D)
{
PO[4] = customKey;,
EEPROM.write(14; PO[4));
lcd.setCursor(13,.2);
}
if (a == 13 “&& customKey 1= 'D")
{
PO[5] =-customKey;
EEPROM.write(15, PO[5]):
}
if (@ ==14 && customKey !='D!)
{
PO[6] = customKey;
EEPROM.write(16,-PO[6]);
lcd.setCursor(7, 3);
1
if (@ ==15 && customKey |= D)
{
PF[1] = customKey;
EEPROM.write(17, PF[1]);
}
if (@ ==16 && customKey I= D)
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PF[2] = customKey;
EEPROM.write(18, PF[2]);
lcd.setCursor(10, 3);

}

if (@ ==17 && customKey I= D)

{
PF[3] = customKey;
EEPROM.write(19, PF[3]);

1

if (@ == 18 && customKey 1='D)

{
PF[4] = customKey;
EEPROM.write(20, PF[4]),
lcd.setCursor(13, 3);

}

if (a == 19 -&& customKey !='D")

{
PF[5] = customKey;
EEPROM.write(21, PF[5]);

}

if (@ == 20 && customKey I="DY

{
PF[6] = customKey;
EEPROM.write(22, PF[6]);

}

if (customKey == 'D")

{

resetFunc();
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}
/A  SO— //
if (customKey == 'D")
{
resetFunc();
}
[/ n #(Show timer)----=---=//
if (customKey == '#)
{
clearScreen();
LO[1] = EEPROM.read(3);
LO[2] = EEPROM.read(4);
LO[3] = EEPROM.read(5);
LO[4] = EEPROM.read(6);

LF[1] = EEPROM.read(7);
LF[2] = EEPROM.read(8);
LF[3] = EEPROM.read(9);
LF[4] = EEPROM.read(10);

PO[1] = EEPROM.read(11);
PO[2] = EEPROM.read(12);
PO[3] = EEPROM.read(13);
PO[4] = EEPROM.read(14);
PO[5] = EEPROM.read(15);
PO[6] = EEPROM.read(16);
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PF[1] = EEPROM.read(17);
PF[2] = EEPROM.read(18);
PF[3] = EEPROM.read(19);
PF[4] = EEPROM.read(20):
PF[5] = EEPROM.read(21);
PF[6] = EEPROM.read(22);

delay(500);

lcd.setCursor(0, 0);
bel.priot(’L onie 2%
lcd.setCursor(0, 1);
led.print("L off: "),
lcd.setCursor(0, 2);
led.print"Pon ;@ ")
lcd.setCursor(0,-3);
led.print("P off: = :);
lcd.setCursor(7, 0);
led.print(LO[1]);
led.print(LO[2));
led.print(");
led.print(LO[3));
led.print(LO[4]);
lcd.setCursor(7, 1);
led.print(LF[1]);
led.print(LF[2]);
led.print(");

led. print(LF[3]);
led.print(LF[4]);
lcd.setCursor(7, 2);



lcd.print(PO[1]);
lcd.print(PO[2]);
led.print();
lcd.print(PO[3]);
lcd.print(PO[4]);
led.print(":);

lcd. print(PO[5));
led.print(PO[6]);
lcd.setCursor(7, 3);
led.print(PF[1]);
led.print(PF(2));
led.print(");
led.print(PF[3]);
led.print(PF[4]);
led.print(:);
led.print(PF[5]);
lcd.print(PF[6]);

}

}// >>>>loop<c<<<

void pro()

{
int h = dht.readHumidity();
int t = dht.readTemperature();
lcd.setCursor(0, 0);
led.print("Temp = ");
led.print(t);
led.print(" C");
lcd.setCursor(0, 1);
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led.print("Humid = ");
led.print(h);
led.print(" %");

printTime();

if (clock.hour == ((LO[1] - 48) * 10) + (LO[2] - 48) && clock.minute == ((LO[3] - 48) * 10) +
(LO[4] - 48) && clock.second == 00)
{
digitalWrite(light, HIGH);
lcd.setCursor(3, 3);
led.print("L on ");
}
else if (clock.hour == ((LF[1] - 48)* 10) + (LF[2] - 48) && clock.minute == (LE[3] - 48) * 10) +
(LF[4] - 48) && clocksecond == 00)
{
digitalWrite(light, LOW);
lcd.setCursor(3,.3);
lcd.print("L off");

if (clock.hour == (PO[1).- 48) * 10) + (PO[2] -48) && clock.minute =={((PO[3] - 48) * 10) +
(PO[4] - 48) && clock.second. == (PO[5] < 48) * 10) +.(PO[6] - 48))
{
digitalWrite(pump, HIGH);
lcd.setCursor(9, 3);
led.print("P on ");
}
else if (clock.hour == ((PF[1] - 48) * 10) + (PF[2] - 48) && clock.minute == ((PF(3] - 48) * 10)
+ (PF[4] - 48) && clock.second == ((PF[5] - 48) * 10) + (PF[6] - 48))
{



digitalWrite(pump, LOW);
lcd.setCursor(9, 3);
lcd.print("P off");

//--=-—-—-Fan---mmv A
if (t >= (TF[5] - 48) * 10 + (TF[6] - 48))
{

digitalWrite(fan, HIGH);

}
else
{
digitalWrite(fan, LOW);
}
}
1 (016 CE 1/

void printTime()

{
clock.getTime();
lcd.setCursor(4, 2);
lcd.print(clock.hour, DEC);
lcd.print(":");
led.print(clock.minute, DEC);
led.print(":");
lcd.print(clock.second, DEC);

}

void clearScreen()

{
lcd.setCursor(0, 0);

led.print(" p
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lcd.setCursor(0, 1);
led.print(" %
lcd.setCursor(0, 2);
led.print(" ")
lcd.setCursor(0, 3);
led.print(" ");
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gﬂ‘ﬁ 3.5 Dimensions Wa@&j’
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DHT11 Humidity &
Temperature Sensor

D-Robotics UK (www.droboticsonline.com)

DHT11 Temperature & Humidity Sensor features a
temperature & humidity sensor complex with a
calibrated digital signal output.

D-Robotics
7/30/2010




DHT 11 Humidity & Temperature
Sensor

1. Introduction

This DFRobot DHT11 Temperature & Humidity Sensor features a temperature & humidity sensor
complex with a calibrated digital signal output. By using the exclusive digital-signal-acquisition
technique and temperature & humidity sensing technology, it ensures high reliability and
excellent long-term stability. This sensor includes a resistive-type humidity measurement
component and an NTC temperature measurement component, and connects to a high-
performance 8-bit microcontroller, offering excellent quality, fast response, anti-interference
ability and cost-effectiveness.
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Each DHT11 element is strictly calibrated in the laboratory that is extremely accurate on
humidity calibration. The calibration coefficients are stored as programmes inthe OTP memory,
which are used by the sensor’s internal signal detecting process. The single-wire serial interface
makes system integration quick and easy. Its small size, low power consumption and up-to-20
meter signal transmission making it the best choice for various applications, including those
most demanding ones. The component is 4-pin single row pin package. It is convenient to
connect and special packages can be provided according to users’ request.

2. Technical Specifications:

Overview:

Item Measurement | Humidity Temperature | Resolution Package
Range Accuracy Accuracy

DHT11 20-90%RH +5%RH +2°C 1 4 Pin Single
0-50 C Row
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Detailed Specifications:

Parameters | Conditions | Minimum | Typical Maximum
Humidity
Resolution 1%RH 1%RH 1%RH
8 Bit

Repeatability + 1%RH
Accuracy 257C +4%RH

0-50C +5%RH
Interchangeability | Fully Interchangeable
Measurement 0C 30%RH 90%RH
Range 25°C 20%RH 90%RH

50°C 20%RH 80%RH
Response Time 1/e(63%)25°C, 6S 10S 155
(Seconds) 1m/s Air
Hysteresis +1%RH
Long-Term Typical + 1%RH/year
Stability
Temperature
Resolution L V 10

8 Bit 8 Bit 8 Bit

Repeatability +1C
Accuracy S g A0
Measurement i 50iC
Range
Response Time 1/e(63%) 6S 3058
(Seconds)
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3. Typical Application (Figure 1)
VDD VDD

f s« 1Pin

MCU | =—222—22 | DHT 11

4Pin

GND

Figure 1 Typical Application
Note: 3Pin —Null; MCU = Micro-computer Unite or single chip Computer

When the connecting cable is shorter than 20 metres, a 5K pull-up resistor is recommended:;
when the connecting cable is longer than 20 metres, choose a appropriate pull-up resistor as
needed.

4. Power and Pin

DHT11's power supply is:3-5.5V DC. When power is supplied to the sensor, do not send any
instruction to the sensor in within one second in order to pass the unstable status. One
capacitor valued 100nF can be added between VDD and GND for power filtering.

5. Communication Process: Serial Interface (Single-Wire Two-Way)
Single-bus data format is used for communication and synchronization between MCU and
DHT11 sensor. One communication process is about 4ms.

Data consists of decimal and integral parts. A complete data transmission is 40bit, and the
sensor sends higher data bit first.
Data format: 8bit integral RH data + 8bit decimal RH data + 8bit integral T data + 8bit decimal T

data + 8bit check sum. If the data transmission is right, the check-sum should be the last 8bit of
"8bit integral RH data + 8bit decimal RH data + 8bit integral T data + 8bit decimal T data".
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5.1 Overall Communication Process (Figure 2, below)

When MCU sends a start signal, DHT11 changes from the low-power-consumption mode to the
running-mode, waiting for MCU completing the start signal. Once it is completed, DHT11 sends a
response signal of 40-bit data that include the relative humidity and temperature information to
MCU. Users can choose to collect (read) some data. Without the start signal from MCU, DHT11
will not give the response signal to MCU. Once data is collected, DHT11 will change to the low-
power-consumption mode until it receives a start signal from MCU again.

—l MCUSaisout le— —wl DHTSolS g —w O L e it
| SurtSigal | | Outresponse | | 1-bit "0 ' iforlrlcxl]:‘lanﬂni:ssfon‘ g
L(({CRm S *___.S.Iar_l.l.l....‘,, e i
Nl | | /
| | Pullp& JPuiTupwlwgq | | Sensor pull
SINGLE-BUS | waitfor . and get ready L ' i
ot | ! sensop?” o o forsensors | - WaDe: 14" O
"
response Sp (;nusc
Lines .
cxplaination ?
e L P, |
MCU Signal DHT Signal

Figure 2 Overall Communication Process

5.2 MCU Sends out Start Signal te DHT (Figure 3, below)

Data Single-bus free status is at high voltage level. When the communication between MCU and
DHT11 begins, the programme of MCU will set Data Single-bus voltage level from high to low
and this process must take at least 18ms to ensure DHT’s detection of MCU's signal, then MCU
will pull up voltage and wait 20-40us for DHT’s respanse.

MCuU |;ulls ::prs‘olt- DHT pulls up
age and waits for volta; d
| . DHT response _-: k:cplgf!.f:r !-'—
S i NN oy | 2L By ... Strtdan
- - : 1 ------- i s 0 1 transmission
» | Y
GND- .\ s .. =) St e | ... [
| sends out start signa | | DHT sends out response f |
SINGLE-BUS and pulls down voltage for :
SIGNAL | atleast 18mstolet DHTI1 |+~ 1 sigoal & keeps it for 80us |

detect the signal

Lines explanation

GRS ERSEE 7.
MCU Signal DHT Signal

—

Figure 3 MCU Sends out Start Signal & DHT Responses
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5.3 DHT Responses to MCU (Figure 3, above)

Once DHT detects the start signal, it will send out a low-voltage-level response signal, which
lasts 80us. Then the programme of DHT sets Data Single-bus voltage level from low to high and
keeps it for 80us for DHT’s preparation for sending data.

When DATA Single-Bus is at the low voltage level, this means that DHT is sending the response
signal. Once DHT sent out the response signal, it pulls up voltage and keeps it for 80us and
prepares for data transmission.

When DHT is sending data to MCU, every bit of data begins with the 50us low-voltage-level and
the length of the following high-voltage-level signal determines whether data bit is "0" or "1"
(see Figures 4 and 5 below).

26-28us

| - voltage-length -

| means data "0" ’ Start to transmit

voo----|-1- *“‘%‘ ------------------ m—‘ﬁ‘ .';3&; R next bit data

|start to trans- |
SINGLE-BUS
SIGNAL . Imit 1-bit data il-— I

(50us)

Signal Lines
explanation: e o :
MCU Signal DHT Signal

Figure 4 Data "0" Indication
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70us voltage-length means 1-bit
| data “17

}c._

Start to transmit next

|
| |
VCC------- G- f»f - bit data
i N 4 | /
(JNI) -...4'-'-.----.----..--- l 4 s ma
SHRCLE B8 |Starl to trans- |
A -ou mit 1-bit data
SIGNAL —*1 g |

(50us)

Signal Lines
Explanation:

DR
MCU Signal DHT Signal
Figure 5 Data "1" Indication

If the response signal from DHT is always at high-voltage-level, it suggests that DHT is not
responding properly and please check the connection. When the last bit data is transmitted,
DHT11 pulls down the voltage level and keeps it for 50us. Then the Single-Bus voltage will be
pulled up by the resistor to set it back to the free status.

6. Electrical Characteristics
VDD=5V, T=25C (unless otherwise stated)

Conditions Minimum Typical Maximum
Power Supply | DC 3V 5V 5.5V
Current Measuring 0.5mA 2.5mA
Supply

Average 0.2mA ImA

Standby 100uA 150uA
Sampling Second il
period

Note: Sampling period at intervals should be no less than 1 second.

7. Attentions of application

(1) Operating conditions

Applying the DHT11 sensor beyond its working range stated in this datasheet can result in 3%RH
signal shift/discrepancy. The DHT11 sensor can recover to the calibrated status gradually when
it gets back to the normal operating condition and works within its range. Please refer to (3) of
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this section to accelerate its recovery. Please be aware that operating the DHT11 sensor in the
non-normal working conditions will accelerate sensor’s aging process.

(2) Attention to chemical materials
Vapor from chemical materials may interfere with DHT’s sensitive-elements and debase its
sensitivity. A high degree of chemical contamination can permanently damage the sensor.

(3) Restoration process when (1) & (2) happen

Step one: Keep the DHT sensor at the condition of Temperature 50~60Celsius, humidity <10%RH
for 2 hours;

Step two:K keep the DHT sensor at the condition of Temperature 20~30Celsius, humidity
>70%RH for 5 hours.

(4) Temperature Affect

Relative humidity largely depends on temperature. Although temperature compensation
technology is used to ensure accurate measurement of RH, it is still strongly advised to keep the
humidity and temperature sensors working under the same temperature. DHT11 should be
mounted at the place as far as possible from parts that may generate heat.

(5) Light Affect
Long time exposure to strong sunlight and ultraviolet may debase DHT’s performance.

(6) Connection wires
The quality of connection wires will affect the quality and distance of communication and high
quality shielding-wire is recommended.

(7) Other attentions

* Welding temperature should be bellow 260Celsius and contact should take less than 10
seconds.

* Avoid using the sensor under dew condition.

* Do not use this product in safety or emergency stop devices or any other occasion that failure
of DHT11 may cause personal injury.

* Storage: Keep the sensor at temperature 10-40°C, humidity <60%RH.

Declaim:

This datasheet is a translated version of the manufacturer’s datasheet. Although the due care
has been taken during the translation, D-Robotics is not responsible for the accuracy of the
information contained in this document. Copyright © D-Robotics.

D-Robotics: www.droboticsonline.com

Email contact: d_robotics@hotmail.co.uk
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GENERAL DESCRIPTION

The DS1307 serial real-time clock (RTC) is a low-
power, full binary-coded decimal (BCD) clock/calendar
plus 56 bytes of NV SRAM. Address and data are
transferred serially through an I°C, bidirectional bus.
The clock/calendar provides seconds, minutes, hours,
day, date, month, and year information. The end of
the month date is automatically adjusted for months
with fewer than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-
hour format with AM/PM indicator. The DS1307 has a
built-in power-sense circuit that detects power failures
and automatically switches to the backup supply.
Timekeeping operation continues while the part
operates from the backup supply.

TYPICAL OPERATING CIRCUIT

DS1307

64 x 8, Serial, I’°C Real-Time Clock

FEATURES

» Real-Time Clock (RTC) Counts Seconds,
Minutes, Hours, Date of the Month, Month, Day of
the week, and Year with Leap-Year
Compensation Valid Up to 2100

* 56-Byte, Battery-Backed, General-Purpose RAM

with Unlimited Writes

I°C Serial Interface

Programmable Square-Wave Output Signal

Automatic Power-Fail Detect and Switch Circuitry

Consumes Less than 500nA in Battery-Backup

Mode with Oscillator Running

*  Optional Industrial Temperature Range:
-40°C to +85°C

*  Available in 8-Pin Plastic DIP or SO

*  Underwriters Laboratories (UL) Recognized

Vee y PIN CONFIGURATIONS
——(’E TOP VIEW
" . CRYSTAL X1 1] il RN [OVee
A R"“§ ’—}Uh X2 [I] 10 SQW/OUT X2 ] sQw/ouT
Veat I 10 scL Vaar [ []SCL
%) %3 4k GND 10 SbA GND 1 SDA
o ScL SQW/OUT
S SO (150 mils) PDIP (300 mils)
: DS1307
S Wit j
Reu= VG, T
ORDERING INFORMATION
PART TEMP RANGE VOLTAGE (V) PIN-PACKAGE TOP MARK*
DS1307+ 0°C to MRQ"&: 5.0 8 PDIP (300 mils) DS1307
DS1307N+ -40°C to +85°C 20 8 PDIP (300 mils) DS1307N
DS1307Z+ 0°C to +70°C 50 8 SO (150 mils) DS1307
DS1307ZN+ -40°C to +85°C 5.0 8 SO (150 mils) DS1307N
DS1307Z+T&R 0°C to +70°C 5.0 8 SO (150 mils) Tape and Reel DS1307
DS1307ZN+T&R -40°C to +85°C 5.0 8 SO (150 mils) Tape and Reel DS1307N

+Denotes a lead-free/RoHS-compliant pack age.

*A “+" anywhere on the top mark indicates a lead-free package. An “N” anywhere on the top mark indicates an industrial temperature range

device.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative to Ground ..o 0.5V to +7.0V
Operating Temperature Range (Noncondensing)
O T I OIS Fa b s i B R R 0°C to +70°C
PIVCRABITR sccncemonssoss o msmes 005 ks mme S e A S S YA S -40°C to +85°C
Storage Temperature RaNGE...............oooiiuiiieioe oo -55°C to +125°C
Soldering Temperature (DIP, 1€8AS) ............c.o.oooree oo +260°C for 10 seconds

Soldering Temperature (surface mount)................................ .Refer to the JPC/JEDEC J-STD-020 Specification.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is

not implied. Exposure to the absolute maximum rating conditions for extended period s may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS
(Ta = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vee 4.5 5.0 5.5 \
Logic 1 Input Viy 23 Vee +0.3 V
Logic 0 Input Vi -0.3 +0.8 V
Vear Battery Voltage Vear 2.0 3 35 v
DC ELECTRICAL CHARACTERISTICS
(Vec = 4.5V to 5.5V; Tp = 0°C to +70°C, T, = -40°C to +85°C.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS | MIN TYP MAX UNITS
Input Leakage (SCL) I -1 1 uA
I/O Leakage (SDA, SQW/OUT) lLo -1 1 LA
Logic 0 Output (lo. = 5mA) VoL 0.4 Vv
Active Supply Current
(fse. = 100kHz) leca 1o mA
Standby Current lces (Note 3) 200 uA
Vear Leakage Current laTLKG 5 50 nA
Power-Fail Voltage (Vear = 3.0V) Ve G R
Vaar Vear Vear
DC ELECTRICAL CHARACTERISTICS
(Vcc = OV, VBAT = 30\/; TA =0°C to +70°C, TA =-40°C to +85°C.) (NOteS 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vear Current (OSC ON);
SQW/OUT OFF lears 200 500 Ay
Vear Current (OSC ON);
SQW/OUT ON (32kHz) lear2 el 80a i
Vgar Data-Retention Current lsaToR 10 100 AR

(Oscillator Off)

WARNING: Negative undershoots below -0.3V while the part is in battery-backed mode may cause loss of data.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

AC ELECTRICAL CHARACTERISTICS
(Veec = 4.5V to 5.5V; Tp = 0°C to +70°C, T, = -40°C to +85°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SCL Clock Frequency fseL 0 100 kHz
Bus Free Time Between a STOP and ¢ 47
START Condition BUF ' ns
Hold Time (Repeated) START

Condition tHD:STA (Note 4) 4.0 us
LOW Period of SCL Clock tLow 4.7 us
HIGH Period of SCL Clock trigh 4.0 us
Setup Time for a Repeated START t 47
Condition SHEETA ' Hs
Data Hold Time tho:oaT 0 us
Data Setup Time tsu.pat (Notes 5, 6) 250 ns
Rlise Time of Both SDA and SCL i 1000 -
Signals

Fgll Time of Both SDA and SCL t 300 -
Signals
Setup Time for STOP Condition tsu-sto 4.7 s
CAPACITANCE
(Ta = +25°C)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Pin Capacitance (SDA, SCL) Cio 10 pF

Eiazacrtance Load for Each Bus Ce (Note 7) 400 oF

Note 1: All voltages are referenced to ground.

Note 2: Limits at -40°C are guaranteed by design and are not production tested.

Note 3: lces specified with Ve = 5.0V and SDA, SCL = 5.0V.

Note 4: After this period, the first clock pulse is generated.

Note 5: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Viypiny of the SCL
signal) to bridge the undefined region of the falling edge of SCL.

Note 6: The maximum tup.par only has to be met if the device does not stretch the LOW period (t.ow) of the SCL signal.

Note 7: Cg—total capacitance of one bus line in pF.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

TIMING DIAGRAM

SDA

/

N/

«liow o
< >

SCL

L

/A

~

’ tHD STA

k.

o sta e —P — tsusTa —
tSIJS'FD
STOP  START - it REPEATED
: START
IHUUAT
Figure 1. Block Diagram
- SQW/OUT
X1 — | gl 1Hz/4.096kHz/8.192kHz/32.768k Hz o MUX/ _| \
G, BUFFER
Ho Tz + ? 4
c
xz T LV‘\'.V
e Oscillator
and divider RAM
+ ' Y \ — (56 X 8)
ONTRO
Vig P LOGIC
POWER
el L CONTROL CLOCK,
CALENDAR,
Var — KNV R ENDAR
+ DS1307 REGISTERS
SCL ——}—p=| SERIAL BUS +
INTERFACE |-
AND ADDRESS USER BUFFER
SDA -4 REGISTER (7 BYTES)
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DS1307 64 x 8, Serial, I°’C Real-Time Clock

TYPICAL OPERATING CHARACTERISTICS

(Vee = 5.0V, Ta = +25°C, unless otherwise noted.)

lecs vs. Vee Veur=3.0¢ Igar vs. Vaar Ve =0V
120 400
SQW=32kHz
110
100 350
90
L) 230
= =
&7 &
o o
S60 5250
(&) (&)
Esg E SQW off
o o
7?40 2200
30
20 150
10
0 100
1.0 2.0 3 40 50 20 2.5 30 35
) A
lear vs. Temperature ~ Yee=0 Vanr=30 SQW/OUT vs. Supply Voltage
325.0 / SQW=32kHz 32768.5
32768.4
£ //\
= F
& 2750 T a2768.3
5 =
=2 5
b
> & 32768.2
o o
= w
“ 226.0
327661
-———_"'—~.___‘______———_/ SQW off 32768
175.0 200,25 307 B85 40 45 50 55
40 -20 0 20 40 60 80 Supply (V)

TEMPERATURE (°C)
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DS1307 64 x 8, Serial, I°C Real-Time Clock

PIN DESCRIPTION

- PIN NAME FUNCTION

Connections for Standard 32.768kHz Quartz Crystal. The internal oscillator circuitry is

1 X1 designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.
X1 is the input to the oscillator and can optionally be connected to an external 32.768kHz
oscillator. The output of the internal oscillator, X2, is floated if an external oscillator is
connected to X1.

2 X2 Note: For more information on crystal selection and crystal layout considerations, refer to
Application Note 58: Crystal Considerations with Dallas Real-Time Clocks.

Backup Supply Input for Any Standard 3V Lithium Cell or Other Energy Source. Battery
voltage must be held between the minimum and maximum limits for proper operation.
Diodes in series between the battery and the Vgar pin may prevent proper operation. If a
backup supply is not required, Vsar must be grounded. The nominal power-fail trip point
3 Wasr (Ver) voltage at which access to the RTC and user RAM is denied is set by the internal
circuitry as 1.25 x Vgar nominal. A lithium battery with 48mAh or greater will back up the
DS1307 for more than 10 years in the absence of power at +25°C.

UL recognized to ensure against reverse charging current when used with a lithium
battery. Go to: www.maxim-ic.com/qa/info/ul/.

4 GND Ground
Serial Data Input/Output. SDA is the data input/output for the I°C serial interface. The
5 SDA SDA pin is open drain and requires an external pullup resistor. The pullup voltage can be

up to 5.5V regardless of the voltage on Vge.

Serial Clock Input. SCL is the clock input for the I°C interface and is used to synchronize
6 SCL data movement on the serial interface. The pullup voltage can be up to 5.5V regardless of
the voltage on Vec.

Square Wave/Output Driver. When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square-wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT
7 SQW/OUT | pin is open drain and requires an external pullup resistor. SQW/OUT operates with either
Ve or Vear applied. The pullup voltage can be up to 5.5V regardless of the voltage on
Vee. If not used, this pin can be left floating.

Primary Power Supply. When voltage is applied within normal limits, the device is fully
accessible and data can be written and read. When a backup supply is connected to the
device and V¢ is below Ve, read and writes are inhibited. However, the timekeeping
function continues unaffected by the lower input voltage.

8 VCC

DETAILED DESCRIPTION

The DS1307 is a low-power clock/calendar with 56 bytes of battery-backed SRAM. The clock/calendar provides
seconds, minutes, hours, day, date, month, and year information. The date at the end of the month is automatically
adjusted for months with fewer than 31 days, including corrections for leap year. The DS1307 operates as a slave
device on the I°C bus. Access is obtained by implementing a START condition and providing a device identification
code followed by a register address. Subsequent registers can be accessed sequentially until a STOP condition is
executed. When V¢ falls below 1.25 x Vgar, the device terminates an access in progress and resets the device
address counter. Inputs to the device will not be recognized at this time to prevent erroneous data from being
written to the device from an out-of-tolerance system. When V¢ falls below VgaT, the device switches into a low-
current battery-backup mode. Upon power-up, the device switches from battery to Ve when Ve is greater than
Vear +0.2V and recognizes inputs when V¢ is greater than 1.25 x Vaar. The block diagram in Figure 1 shows the
main elements of the serial RTC.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

OSCILLATOR CIRCUIT

The DS1307 uses an external 32.768kHz crystal. The oscillator circuit does not require any external resistors or
capacitors to operate. Table 1 specifies several crystal parameters for the external crystal. Figure 1 shows a
functional schematic of the oscillator circuit. If using a crystal with the specified characteristics, the startup time is

usually less than one second.

CLOCK ACCURACY

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match between
the capacitive load of the oscillator circuit and the capacitive load for which the crystal was trimmed. Additional
error will be added by crystal frequency drift caused by temperature shifts. External circuit noise coupled into the
oscillator circuit may result in the clock running fast. Refer to Application Note 58: Crystal Considerations with

Dallas Real-Time Clocks for detailed information.

Table 1. Crystal Specifications*

PARAMETER SYMBOL MIN TYP MAX UNITS
Nominal Frequency fo 32.768 kHz
Series Resistance ESR 45 k2
Load Capacitance CL 12.5 pF

*The crystal, traces, and crystal input pins should be isolated from R F generating signals. Refer to
Application Note 58: Crystal Considerations for Dallas Real-Time Clocks for additional specifications.

Figure 2. Recommended Layout for Crystal

LOCAL GROUND PLANE (LAYER 2)

|
GND |

|0 W A

NOTE: AVOID ROUTING SIGNAL LINES IN THE CROSSHATCHED AREA (UPPER
LEFT QUADRANT) OF THE PACKAGE UNLESS THERE IS A GROUND PLANE
BETWEEN THE SIGNAL LINE AND THE DEVICE PACKAGE.

RTC AND RAM ADDRESS MAP

Table 2 shows the address map for the DS1307 RTC and RAM registers. The RTC registers are located in address
locations 00h to 07h. The RAM registers are located in address locations 08h to 3Fh. During a multibyte access,
when the address pointer reaches 3Fh, the end of RAM s

the clock space.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. Table 2 shows the RTC
registers. The time and calendar are set or initialized by writing the appropriate register bytes. The contents of the
time and calendar registers are in the BCD format. The day-of-week register increments at midnight. Values that
correspond to the day of week are user-defined but must be sequential (i.e., if 1 equals Sunday, then 2 equals
Monday, and so on.) lllogical time and date entries result in undefined operation. Bit 7 of Register 0 is the clock halt
(CH) bit. When this bit is set to 1, the oscillator is disabled. When cleared to 0, the oscillator is enabled. On first
application of power to the device the time and date registers are typically reset to 01/01/00 01 00:00:00
(MM/DD/YY DOW HH:MM:SS). The CH bit in the seconds register will be set to a 1. The clock can be halted
whenever the timekeeping functions are not required, which minimizes current (IsaTDR)-

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the 12-hour or
24-hour mode-select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is the AM/PM bit with
logic high being PM. In the 24-hour mode, bit 5 is the second 10-hour bit (20 to 23 hours). The hours value must be
re-entered whenever the 12/24-hour mode bit is changed.

When reading or writing the time and date registers, secondary (user) buffers are used to prevent errors when the
internal registers update. When reading the time and date registers, the user buffers are synchronized to the
internal registers on any I°C START. The time information is read from these secondary registers while the clock
continues to run. This eliminates the need to re-read the registers in case the internal registers update during a
read. The divider chain is reset whenever the seconds register is written. Write transfers occur on the I°C
acknowledge from the DS1307. Once the divider chain is reset, to avoid rollover issues, the remaining time and
date registers must be written within one second.

Table 2. Timekeeper Registers

ADDRESS | BIT7 | BIT6 | BIT5 | BIT4 [ BIT3 [ BIT2 [ BIT1 | BITO | FUNCTON | RANGE
00h CH 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59

10
12 1-12
02h 0 L L) g Hours Hours +AM/PM
24 PM/ Hour 00-23
AM
03h 0 0 0 0 0 | DAY Day 01-07
04h 0 0 10 Date Date Date 01-31
10
05h 0 0 0 Nk Month Month 01-12
06h 10 Year Year Year 00-99
07h ouT | o [ 0. [sawe 0 | o [ RS1T | RSO Control -
RAM
08h-3Fh ey 00h—FFh

0 = Always reads back as 0.
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DS1307 64 x 8, Serial, I°C Real-Time Clock

CONTROL REGISTER
The DS1307 control register is used to control the operation of the SQW/QUT pin.

BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ouT 0 0 SQWE 0 0 RS1 RSO

Bit 7: Output Control (OUT). This bit controls the output level of the SQW/OUT pin when the square-wave output
is disabled. If SQWE = 0, the logic level on the SQW/OUT pinis 1 if OUT = 1 and is 0 if OUT = 0. On initial
application of power to the device, this bit is typically set to a 0.

Bit 4: Square-Wave Enable (SQWE). This bit, when set to logic 1, enables the oscillator output. The frequency of
the square-wave output depends upon the value of the RS0 and RS1 bits. With the square-wave output set to 1Hz,
the clock registers update on the falling edge of the square wave. On initial application of power to the device, this
bit is typically set to a 0.

Bits 1 and 0: Rate Select (RS[1:0]). These bits control the frequency of the square-wave output when the square-
wave output has been enabled. The following table lists the square-wave frequencies that can be selected with the
RS bits. On initial application of power to the device, these bits are typically settoa 1.

RS1 RS0 SQW/OUT OUTPUT SQWE ouT
0 0 1Hz 1 X
0 1 4.096kHz 1 X
1 0 8.192kHz 1 X
1 1 32.768kHz 1 X
X X 0 0 0
X X 1 0 1
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DS1307 64 x 8, Serial, I°C Real-Time Clock

I’C DATA BUS

The DS1307 supports the 1°C protocol. A device that sends data onto the bus is defined as a transmitter and a
device receiving data as a receiver. The device that controls the message is called a master. The devices that are
controlled by the master are referred to as slaves. The bus must be controlled by a master device that generates
the serial clock (SCL), controls the bus access, and generates the START and STOP conditions. The DS1307
operates as a slave on the I°C bus.

Figures 3, 4, and 5 detail how data is transferred on the I°C bus.

* Data transfer can be initiated only when the bus is not busy.
* During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the data
line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

START data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defines a START condition.

STOP data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is HIGH,
defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line is
stable for the duration of the HIGH period of the clock signal. The data on the line must be changed during the
LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The number of
data bytes transferred between START and STOP conditions is not limited, and is determined by the master
device. The information is transferred byte-wise and each receiver acknowledges with a ninth bit. Within the
I’C bus specifications a standard mode (100kHz clock rate) and a fast mode (400kHz clock rate) are defined.
The DS1307 operates in the standard mode (100kHz) only.

Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must generate an extra clock pulse which is associated with this
acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a way
that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of course,
setup and hold times must be taken into account. A master must signal an end of data to the slave by not
generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case, the slave
must leave the data line HIGH to enable the master to generate the STOP condition.
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Figure 3. Data Transfer on I°C Serial Bus
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Depending upon the state of the R/ bit, two types of data transfer are possible:

1.

Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the master is the
slave address. Next follows a number of data bytes. The slave returns an acknowledge bit after each received
byte. Data is transferred with the most significant bit (MSB) first.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is transmitted
by the master. The slave then returns an acknowledge bit. This is followed by the slave transmitting a number
of data bytes. The master returns an acknowledge bit after all received bytes other than the last byte. At the
end of the last received byte, a “not acknowledge” is returned.

The master device generates all the serial clock pulses and the START and STOP conditions. A transfer is
ended with a STOP condition or with a repeated START condition. Since a repeated START condition is also
the beginning of the next serial transfer, the bus will not be released. Data is transferred with the most
significant bit (MSB) first.
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The DS1307 can operate in the following two modes:

1.

Slave Receiver Mode (Write Mode): Serial data and clock are received through SDA and SCL. After
each byte is received an acknowledge bit is transmitted. START and STOP conditions are recognized
as the beginning and end of a serial transfer. Hardware performs address recognition after reception of
the slave address and direction bit (see Figure 4). The slave address byte is the first byte received
after the master generates the START condition. The slave address byte contains the 7-bit DS1307
address, which is 1101000, followed by the direction bit (R/w), which for a write is 0. After receiving and
decoding the slave address byte, the DS1307 outputs an acknowledge on SDA. After the DS1307
acknowledges the slave address + write bit, the master transmits a word address to the DS1307. This
sets the register pointer on the DS1307, with the DS1307 acknowledging the transfer. The master can
then transmit zero or more bytes of data with the DS1307 acknowledging each byte received. The
register pointer automatically increments after each data byte are written. The master will generate a
STOP condition to terminate the data write.

Slave Transmitter Mode (Read Mode): The first byte is received and handled as in the slave receiver
mode. However, in this mode, the direction bit will indicate that the transfer direction is reversed. The
DS1307 transmits serial data on SDA while the serial clock is input on SCL. START and STOP
conditions are recognized as the beginning and end of a serial transfer (see Figure 5). The slave
address byte is the first byte received after the START condition is generated by the master. The slave
address byte contains the 7-bit DS1307 address, which is 1101000, followed by the direction bit (R/w),
which is 1 for a read. After receiving and decoding the slave address the DS1307 outputs an
acknowledge on SDA. The DS1307 then begins to transmit data starting with the register address
pointed to by the register pointer. If the register pointer is not written to before the initiation of a read
mode the first address that is read is the last one stored in the register pointer. The register pointer
automatically increments after each byte are read. The DS1307 must receive a Not Acknowledge to
end a read.

Figure 4. Data Write—Slave Receiver Mode

<Slave Address>

<RW>

<Word Address (n)> <Data(n)> <Data(n+1)> <Data(n+X)>

|s

1101000 | 0 | A| X0000KX | A XXORXXX | A X00KKX [ 4] o000 ] AP

S - Start
A - Acknowledge (ACK)

P

- Stop

m Master to slave

DATA TRANSFERRED
(X+1 BYTES + ACKNOWLEDGE)

| slave to master

Figure 5. Data Read—Slave Transmitter Mode
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<RW>
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Figure 6. Data Read (Write Pointer, Then Read)—Slave Receive and Transmit
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PACKAGE INFORMATION

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages.

PACKAGE TYPE

PACKAGE CODE

DOCUMENT NO.
8 PDIP — 21-0043
8 SO - 21-0041

13 of 14



DS1307 64 x 8, Serial, I°C Real-Time Clock

REVISION HISTORY

REVISION PAGES
DATE DESCRIPTION CHANGED
Moved the Typical Operating Circuit and Pin Configurations to first page. 1

Removed the leaded part numbers from the Ordering Information table. 1
Added an open-drain transistor to SQW/OUT in the block diagram (Figure 1) 4
6

Added the pullup voltage range for SDA, SCL, and SQW/OUT to the Pin
Description table and noted that SQW/OUT can be left open if not used.

100208 Added default time and date values on first application of power to the Clock
and Calendar section and deleted the note that initial power-on state is not 8
defined.
Added default on initial application of power to bit info in the Control Register 9
section.
Updated the Package Information section to reflect new package outline 13

drawing numbers.
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shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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VISHAY. _ LCD-016N004B
www.vishay.com Vishay

16 x 4 Character LCD

FEATURES
* Type: Character
= ¢ Display format: 16 x 4 characters
il O e ) ; RoHS
* Built-in controller: ST 7066 (or equivalent) T
® Duty cycle: 1/16

® 5 x 8 dots includes cursor

L% 3488 88 S 8 W W A A

Pb-free

* + 5V power supply (also available for + 3 V)
* B/L to be driven by pin 1, pin 2, pin 15, pin 16 or A and K
i i * N.V. optional for + 3 V power supply

* Material categorization: For definitions of compliance
please see www.vishay.com/doc?99912

MECHANICAL DATA ABSOLUTE MAXIMUM RATINGS
ITEM STANDARD VALUE UNIT STANDARD VALUE
ITEM SYMBOL UNIT
Module Dimension 70.6 x 60.0 MIN. TYP. MAX.
Viewing Area 60.0 x 32.6 Power Supply | VpptoVss | -0.3 - 7.0 7
Dot Size 0.55 x 0.55 Input Voltage Vi -0.3 - Vpo
Dot Pitch 0.60 x 0.60 (1 Note
Mounting Hole 65.6 x 50.0 * Vgg=0V,Vpp=5.0V
Character Size 2.95x4.75
ELECTRICAL CHARACTERISTICS
STANDARD VALUE
ITEM SYMBOL CONDITION UNIT
MIN. TYP: MAX.
Vop=+5V 4.7 5.0 53
Input Voltage Vop \
Vop=+3V 2.7 3.0 5.3
Supply Current lop Vop=+5V - 1.65 - mA
<20 C 5.0 5.1 8
Recommended LC Driving g ;i B e
Voltage for Normal Temperature Vpp to Vg 25.°C 4.1 4.5 47 "
Version Module 50°C 39 40 45
70 °C 3.7 3.9 4.3
EL Power Supply Current leL VEeL =110 Vac, 400 Hz - - 5.0 mA
OPTIONS
PROCESS COLOR BACKLIGHT
™ | Gy | valow | we | baw | oo | Mee | w0 | e | com
X X X X X 3 X X
For detailed information, please see the “Product Numbering System” document.
Revision: 09-Oct-12 1 Document Number: 37306
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DISPLAY CHARACTER ADDRESS CODE
Display Position

Y
VISHAY.

DD RAM Address 00 01 02 03 04 05 06 07 08 09 0A 0B 0cC oD OE OF
DD RAM Address 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F

DD RAM Address 10 11 12 13 14 15 16 17 18 19 1A 1B 1iC 1D 1E 1F
DD RAM Address 50 51 52 53 54 55 56 57 58 58 5A 5B 5C 5D 5E 5F

INTERFACE PIN FUNCTION

PIN NO. SYMBOL FUNCTION

1 Vsg Ground

2 Vop +3Vor+5V

3 Vo Contrast adjustment

4 RS H/L register select signal
5 R/W H/L read/write signal

6 E H — L enable signal

7 DBO H/L data bus line

8 DB1 H/L data bus line

9 DB2 H/L data bus line

10 DB3 H/L data bus line

11 DB4 H/L data bus line

12 DB5 H/L data bus line

13 DB6 H/L data bus line

14 DB7 H/L data bus line

15 ANee + 4.2 V for LED (Ra = 0 Q)/negative voltage output
16 K Power supply for B/L (0 V)

DIMENSIONS in millimeters

38.1 (P2.54 x 15) 16.3 8.9 Max.
N = o] g 1.0 4.9
©o| & 8| o w0 2 1, ¥ z
& ™~ b 0x@1.0 2.0 2.5 3565
\ | |
R 1 . R 4x©3.0PTH 1 2.95
k16 L+ il 5 L 4 x© 4.0 PAD 0.60
______ S AD . ¥ 0.55
l y s
slgl g | 3 HEIE:
H 2 < o o ) g ~ gl o
g ol o <| g —- -1— b
@0 3] < wn -
N = SS 3.4
@ [aY) | o
i ’ 00000
@- ——— = Dot Size
. | |
wl « sl ® 1.0
b ] L B 56.20 (AA) 7.2
60.0 (VA) 5.3
65.6 2.5
70.6 + 0.3
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay’s knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All
operating parameters, including typical parameters, must be validated for each customer application by the customer’s
technical experts. Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase,
including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free
requirements as per JEDEC JS709A standards. Please note that some Vishay documentation may still make reference
to the IEC 61249-2-21 definition. We confirm that all the products identified as being compliant to IEC 61249-2-21
conform to JEDEC JS709A standards.

Revision: 02-Oct-12 1 Document Number: 91000





