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Abstract

This thesis presents an application of microcon(roller for orchid watering control. The
idea of carrying out this project arose from the fact that people are increasingly interested to do
orchid business for a living, Since orchids need good care and demand much water, people spend
a lot of lime and money on orchid watering. In this project, a orchid watering controller is
developed, in which the watering process is dictated by the relative humidity and time. Hereby, a
microconiroller conirols a relay that operates a solenoid valve for watering via a sprinkler. This
automatic watering control could be .;Juitable for the climate in each season, and therefore offers

comfort as well as a time and moncy saving.
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#include <mega32.h>

#include <string.h>

#include <stdio.h>

#include <delay.h>

#include <stdlib.h>//CHAR TO INT

#include "shtxx.h"

define Relayl PORTB.O
ffdefine Relay2 PORTB.1
#idefine LED PORTB 4
#define ON |

#define OFF 0

int hour,min_,sec;

int sec_off,min_off,sec oid,

nt startl slarl2;

char LCD[16];

T LTI SHTLS I T
value  humi valtemp val;
float  dew point;

unsigned char  error,checksum;
mnsigned inl i

int humi;

/1 12C Bus functions

Hasm

equ _ i2c_pori=0x1B ;PORTA
.equ__sda_bit=3

.equ __ scl bit=2

#endasm

#include <i2c.h>

// DS1307 Real Time Clock functions

#include <ds]1307.h>



/! Alphanumeric LCD Medule functions

Hasm

.equ_ lcd port=0x15 ;PORTC

#fendasm

#include <icd.h>

#define RXB8 1

#define TXBR 0

#define UPE 2

fidefine OVR 3

#define FE 4

#define UDRE 5

#define RXC 7

#define FRAMING ERROR (1<<FE)

#define PARITY ERROR (1<<UPE)

#define DATA OVERRUN (1<<OVR)

#define DATA REGISTER_EMPTY (1<<UDRE)
#define RX COMPLETE (1<<RXC)

#/ USART Receiver buffer

#define RX BUFFER SIZE 8

char rx_buffer]lRX BUFFER SIZE];

#if RX BUFFER_SIZE<256

unsigned char rx_wr_index,rx_rd_index,rx_counter;
#else

unsigned int rx_wr_index,rx_rd_index,rx_counter;

Hendif

// This flag is set on USART Receiver buffer overflow

bit rx_buffer overflow;

/#/ USART Receiver interrupt service routine
interrupt [USART RXC] void usart_rx_isr(void)
{

char status,data;

status=UCSRA;
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-

data=UDR,;

if ((status- & (FRAMING ERROR | PARITY_ERROR | DATA OVERRUN)}=0}

{
rx_buffer[rx_wr_index]=data;
if (++rx_wr index == RX_BUFFER_SIZE) rx_wr_index=0;
if (++rx_counter == RX BUFFER_SIZE)
{
rx_counter=0;
rx_buffer_overflow=1;
)
};
}
#ifndef DEBUG_TERMINAL IO
/! Get a character from the USART Receiver buffer
#define  ALTERNATE GETCHAR
Hpragma used+
char getchar(void)
{
char data;
while (rx _counter==0);
data=rx buffer{rx rd index];
if (++rx rd index == RX BUFFER_SIZE) rx_rd_index=0;
#asm{"cli")
--rx_counter,;
#asm("sei”
return data;
}
#pragma used-
Hendif
/## USART Transmitter buffer
#idefine TX BUFFER_SIZE 8
char tx_buffer| TX BUFFER_SIZE];
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#if TX BUFFER SIZE<256
unsigned char tx_wr_index,tx_rd index,tx_counter;
Helse
unsigned int tx_wr_index,ix_rd_index,x_counter;
#endif
/# USART Transmitter interrupt service routine
inlerrupt [USART TXC] void usart_tx_isr(void)
{
if (tx_counter)
{
--fX_counter,
UDR=tx buffer[tx rd_index];
if (++ix rd _index == TX BUFFER_SIZE} tx_rd_index=0;
I
}
#ifndef DEBUG_TERMINAL 10
// Write a character lo the USART Transmitter buffer
#define  ALTERNATE PUTCHAR
#pragma vsed+
void putchar(char c)
{
while (tx_counter == TX BUFFER_SIZE);
Hasm("cli”)
if (tx_counter || ((UCSRA & DATA_REGISTER_EMPTY)==0)}
{
tx_buffer[tx_wr_index]=c;
if (+ttx_wr index == TX BUFFER_SIZE) 1x_wr_index=0;
++tx counter;
}
else
UDR=c;

Hasm("sei"
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}

#pragma used-

#endif

// Standard Input/Output functions

ftinclude <stdio.h>>

/f Declare your global variables here

void main(void)

{

/! Declare your local variables here

// Input/Output Ports initialization

// Port A inilialization

/1 Func7=In Func6=In Func5=In Func4=In Func3=In Func¢2=In Func1=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State!=T State0=T
PORTA=0x00;

DDRA=0x00;

/f Port B initialization

/f Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In
/f State7=T State6=T State5=T Stale4=T State3=T State2=T Stalel=T State0=T
PORTB=0x00;

DDRB=0xFF;

/ Port C initialization

/f Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In Func0=In
/ State7=T State6=T State5=T Stated=T State3d=T State2=T Statel=T State0=T
PORTC=0x00;

DDRC=0x00,

// Port D initialization

{/f Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T Stated=T State3=T State2=T State]=T State0=T
PORTD=0x00;

DDRD=0x00;

// Timer/Counter 0 initialization

/! Clock source: System Clock
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H Clock value: Timer O Stopped
f Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO=0x00;

TCNTO=0x00;

OCRO=0x00;

/ Timer/Counter 1 initialization
/ Clock source: System Clock
// Clock value: Timer 1 Stopped
// Mode: Normal lop=FFFFh

/ OC1A output: Discon.

# OCIB outpul: Discon,

/f Noise Canceler: Off

/f Input Capture on Falling Edge
/ Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off
/ Compare A Match Interrupt; Off
/! Compare B Match Interrupt: Off
TCCR1A=0x00;
TCCRI1B=0x00;

TCNT 1H=0x00;
TCNTI1L=0x00;

ICRI1H=0x00;

ICRIL=0x00;

OCR 1 AH=0x00;
OCRIAL=0x00;
OCRIBH=0x00;
OCRIBL~=0x00;

// Timer/Counter 2 initiatization
/f Clock source: System Clock

/f Clock value: Timer 2 Stopped

/ Mode: Normal top=FFh
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# OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;,

TCNT2=0x00;

OCR2=0x00;

/f External Interrupi(s) initialization
# INTO: Off

HINT1: Off

N INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer(s)/Counter(s) Interrupi(s) initialization
TIMSK=0x00;

/ USART initialization

// Communicalion Paramelers: 8 Dala, | Stop, No Parity
/I USART Receiver: On

// USART Transmitter: On

f# USART Mode: Asynchronous

// USART Baud rate: 9600
UCSRA=0x00;

UCSRB=0xDS8;

UCSRC=0x86;

UBRRH=0x00;

UBRRIL=0x47;

// Analog Comparator inilialization
// Analog Comparator: Off

/ Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/# 12C Bus initialization

i2¢_init();

/1 DS1307 Real Time Clock initialization
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// Square wave output on pin SQW/OUT: Off
1 SQW/OUT pin state: 0
rte_init(0,0,0);
// LCD module initialization
led_init(16);

// Global enable interrupts
#asm("sei"

sec = ric_read(D);

rtc_ write(0,sec & 0x7f);
firte_set_time(22,41,40),

led_clear();

led_gotoxy(0,0);

sprintf(LCD," SHT11 Ds1307 ");
led_puts(LCD);

lcd_gotoxy(0,1);
sprintf(LCD,"ATMEGA 32 Relay");
led puts(LCD);

delay ms(1000);

Hstart = 1;

/Relayl = 1;

DDRA.O = 1;

PORTA.0=I;

DDRA.1=1;

PORTA.1 =1; // Global enable interrupts
white (1)

{
// Place your code here

error=0);

emror+=s_measure(&humi_val.i,&checksum,1}; /measure humidity

error+=s_measure(&temp_val.i,&checksum,2); //measure temperature

iflerror 1= 0)
{
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printf(" connection resef\r\n");

s_connectionreset(); /in case of an error: connection reset
}
else
{
humi_val.f=(float)humi_val.i; ffconverts integer to float
temp_val.f=(float}temp val.i; flconverts integer to float

calc sthl1(&humi_val.f,&temp val.f); //calculate humidity,lemperature
dew point=calc_dewpoint(humi val.ftemp val.f); #calculate dew point
/1 printf("temp:%5. | {Chumi:%35 . 1 {%%dewpoint:%5. 1 {C\r\n" temp_val.fhumi_val.f,
dew_point);
Aprintf(" temp:%iC  humi: %i%%\\n",(int)(temp_val.£*10),(int)(humi_val.(*10
J*
led clear();
led gotoxy(0,0);
sprintf(LCD,"temp:%5.1fC" temp val.f);
led puts(LCD);
led_gotoxy(0,1);
sprintf{LCD,"humi:%5.1{%%" humi_val.i);
led puts(LCD);
*/
}
ric_gel time(&hour,&min_,&sec);
// lcd_clear();
led gotoxy{(0,0);
spriﬁtf(LCD,"Time %021:%02i:%602i ",hour,min_,sec);
/sprintflLCD,"%02i:%02i:%02i %02i:%02i" hour,min_,sec,min_off,sec_off);
led puts(LCDY);
led_gotoxy(0,1);
sprintf{LCD,"H:%2.1{%% T:%2.HC ",humi _val.ftemp val.f);
led _puts(LCD);
if{{hour == N&&(30 <= min_ <= 35)&&(60 < humi_val.f < 74))



Relayl = ON;

startl = 1;

sec_off=0;

min_off=0;
}
else if{(hour == 7)&&(30 <= min_ <= 35)&&(60 < humi_val.f))
{

Relayl = ON;

start2 =1,

sec off = 0;

min off =0,
}
else if((hour == 16)&&(30 <= min_ <= 35)&&(humi_val.f < 55))
{

Relayl = ON;

start2 = 1;

sec_off=10,

min_off = 0;
}
il sec_old = sec )
{

sec_old = sec;

sec_off++;

if(sec_off >= 60)

{

sec off = 0;
min_off++;
}
if{lmin_off >= 60) min_off=0;

}
ifl(start] = 1)&&(sec off == 0)&&(min_off == 10))
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Relayl = OFF;

startl = 0;
}
if((start2 == 1)&&(sec_off == 0)&&(min_off = 5))
{

Relayl = OFF;

stariz =0;

Relayl = 'Relayl;
Relay2 = 'Relay2;
LED = ILED;,
delay ms(1000);
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Features
* High-performance, Low-power Almel®AVR® 8-bit Microcontroller
* Advanced RISC Architeclure
- 131 Powerlul nslruclions — Mos\ Singte-clock Cyele Execulion
— 32 x 8 Gepersal Purpose Working Registers
- Fully Static Operalion
~ Up to 16 MIPS Throughpu! &l 16MHz
= On-chip 2-cycle Multiplier
¢ High Endurance Non-volatile Memory segmenis
- 32Kbyles of In-Syslem Sell-programmable Flash program memory
— 1024Dbytes EEFAOM
— 2Kbytes Internsl SRAM
~ Write/Erase Cycles: 10,000 Flash/100,000 EEFAOM
— Dala relention: 20 yeara a1 85°C/100 years al 25*C'")
— Opllonal Boot Code Seclion wilh independenl Lock Blls
In-System Programming by On-thip Boot Program
True Read-While-Wrlle Operalion
— Programming Lock for Seflware Securily
» JTAG (IEEE eid. 1149.1 Compliani) Inleriace
— Boundary-scan Capabilities According 1o the JTAG S{andard
— Exlensivd On-chip Debug Supporl
- Programming of Flash, EEPROM, Fuses, and Lock Bils through the JTAG Inlerface
* Peripheral Features
~ Two 8-bil Timer/Counlers wilh Separale Prescalers and Compare Modes
= Qne 156-bjl Timer/Counler wilh Separale Prascaler, Compare Mode, and Caplure
Mode
— Real Time Counler wilh Sepwale Osclllalor
- Four PYWM Channsls
— B-channel, 10-bil ADC
8 Single-ended Channels
7 Dilerential Channels in TQFP Package Only
2 Diierential Channels with Programmable Gain at 1x, 10x, or 200x
~ Byle-orienled Two-wire Serial Interiace
— Programmable S¢rial USART
— Masier/Slave SPI Serial Interface
— Programmabla Walchdog Timer wilh Separale On-chip Oselllalor
= On-chlp Analog Comparator
* Spacial Microcontrolier Features
— Power-on Resel and Programmable Brown-out Delection
— Inlemnal Callbrstad RC Qacllistor
- Exietnal and Internsd inlerrupl Souscas
- Slx Sieep Modes: Idle, ADC Nolaa Reduction, Power-asve, Powar-down, Standby
and Exlended Slandby
* VO and Pachages
— 32 Programmable VO Lines
= §0-pin PDIP, 44-1epd TAFP. and 44-pad QFN/MLF
* Oparaling Yoliages
— 2.7V - 5.5V lor ATmagad2L
— 4.5Y - 5.5V lor ATmegad2
+ Spead Grades
~ 0 - BMHz lor ATmegad2L
— 0 - 16MHz for ATmegad2
* Power Consumplion a1 IMHz, 3V, 25°C
~ Aclive: 1.1mA
= idie Mods: 0.35mA
= Power-down Mode: < IpA

ATMEL

I ©

8-bit AVR"
Microcontroller
with 32KBytes
In-System
Programmable
Flash

ATmega32
ATmega32L

BOI-AVR-IUT)
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——————— A TMega32(L)

Pin
Configurations

Flgure 1. Pinout ATmega32

POIP
MCKTo} FBO ] 1 40 {3 PAD (ADCO)
ayreic]z 39 10 Pat (ADC1)
(INT2ZAING) PB2 (] 2 38 [ PAZ (ADC2)
(OCO/AINY) PB3 [ 4 37 3 PA3 (ADC3)
55y PB4 O] 5 36 [0 PA4 (ADCA)
Mosl) PBS O] 6 35 11 pPAS (ADCS)
@NS0) PBB O] 7 34 [ PAG (ADCG)
5cK) Pe7 ] 8 33 O PA7 (ADCT)
RESET ] 9 32 1 AREF
vee o o 31 P GND
GHD O 11 30 P avec
XTAL2 ] 12 29 {1 PCY {TOSCZ)
XTAL1 ] 12 28 1 PCB (TOSCH)
AXD)} PDO ] 14 27  PCs (o)
(XD} PD1 ] 15 26 [ FC4 {TDO)
{NTO) PDZ ] 15 25 [ PG3 (TMS)
(NT1) PDO O} 17 24 [ PC2 (TCK)
(OCIB) PD4 (] 18 23 [0 PC1 [SDA)
foCc1A) PD5 O] 10 22 O PCO |SCL)
{IcF1) PD8 O] 20 21 b1 PD? {OG2)
TQFP/MLF
S&
8 & -cqa
G228 8588
BILLL R LL LA
MmN 0o
PEoedsodsy
nnoNnGoOonnnn
® 44,42, 40, 38, 36 34
MOSI) PBS 1 .. ...... , 33 [ PA4 {ADC4)
(MISO) PBE ]2 132 [0 PAS {ADCH)
sCK) PB7 ] 3 ! 131 [0 PAB {ADCB)
RESET {4 ! 130 [ PAT (ADC7)
vee Of 5 r $ 29 O AREF
GNO |6 128 {Z GND
XTaz O 7 v27 17 avce
xTAL1 e . 126 [ PC7 (TOSCP)
(RXD} PDD o & & 125 [0 PC6 (TOSCN)
(TXD) PO1 ] 10, v 24 | Pes (TD)
(INTD} PD2 Fr o mmmmmmem s mm ettt o3 S pC4 (TDO)
124" 516" 18" %207 Y22
/ oo ouoooTrg
B3585893583
Note. cracaiaana
Boteom pad should e _ e
besotdeiedoground. - 2 5 0 oasy
£8840 Lokt
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ATmega32(L)

Overview The Atmel®AVRPATmegad2 I3 a low-power CMOS 8-hit microcontroller based on the AVR
enhanced RISC architeclure. By execuling powerful Inslruclions In a single clock cycle, the
ATmega32 achieves throughpuls appreaching 1 MIPS per MHz allowing Ibe syslem designer o
optimize power consumplion versus processing speed.

Block Diagram Figure 2. Block Diagram
P« PRT PCo - FC7

v

L

r | PO CSEYERE LN FERS l I FORIC CRIVERS RS FERS ]
I |

;lD [ FOATA DEITTALL W1 EAFACE —| | POATC DMGITA: INTERFACE |
] I

- - )

- H i H =]

|

POATE DEATAL INTERFACE ] ' PCATO DMEDL WTERFACE
| FOSTE OFYEREBUNT ERE | FORTD CAVERS S FERS
RS FEP Py - POY

2[0A-AVAR-0Z/ 11
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A TMega32(L)

Pln Descriptions
vce
GND

Port A (PA7..PAD)

25030 AVR—02/ 11

The Atmei®AVR®AVR core combines a rich instruction sel with 32 general purpose working reg-
isters. All the 32 regisiess are directly connected 1o the Arithmolic Logic Unit {ALU), allowing two
independent registers o be accessed in one single instruclion execuled In one clock cycle. The
resulting architecture Is more code efficient while achieving throughpuls up 16 {en times faster
than convenlional CISC microconlrollers.

The ATmega32 provides the following fealures: 32Kbytes ol In-System Programmable Flash
Program memory with Read-While-Wrile capabiities, 1024bytea EEPROM, 2Kbyte SRAM, 32
general purpose O lines, 32 general purposo working registers, a JTAG intedace for Boundasy-
scan, On-chip Debugging supporl and programming, three flexible Timew/Counters with com-
pare modaes, Inlernal and External Inlerrupls, a serial programmable USART, a byle oiienled
Two-wire Serial Inlerface, an 8-channel, 10-bit ADC wilh oplional dilferential inpul stage with
programmable gain (TQFP package only), a programmable Walchdog Timer with Inlemal Oscil-
lator, an SP) sedial porl, and six software selectable power saving modes. The kile mode slops
the CPU while allowing the USART, Two-wire inledace, A/'D Converler, SRAM, Timer/Counlers,
SPI pon, and inlerfupt system to conlinua funclioning. The Power-down mode saves the regisler
contenls but lreazea the Oscilalor, disabling all olher chip functions uniil the next Exiemnal Intes-
wpt or Hardware Reset. In Power-save mode, lhe Asynchronous Timer conlinues to run,
allowing lho user io malnlain a limer base while the res! of the device is sleeping. The ADC
Nolse Reduction mode slops the CPU and all !0 modules excepl Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, Lhe cryslalreso-
nalor Oscillator is running while the resl of the device is sleeping. This alows very fast start-up
comblned with low-power consumplion. In Extended Standby mode, bolh lhe main Oscillator
and the Asynchronous Timer conlinue 1o fun,

The device is manufachired using Almed's high density nonvolatie memory technology. The On-
chip ISP Flash allows the program memory io be reprogrammed in-system through an SP1 serial
interface, by a conventional nonvolalile memory programmor, or by an On-chip Bool program
running on the AVR core. The bool program can use any interface lo download the application
program in the Appfication Flash memory, Software in the Boot Flash seclion will conlinue 1o run
while the Appfication Flash seclion is updated, providing lrue Read-While-Wrile operalion. By
combining an 8-hil RISC CPU with In-Syslem Sell-Programmatie Flash on a monolithic chip,
the Atmel ATmega32 is a powerlul microconlroller Lhat providea a highly-fiexible and cost-eflec-
live solution lo many embedded control applications.

The Atmel AVR ATinega32 is supposted wilh a full suile ol program and syslem developmenl
lools inchiding: C compilers, macro assemblers, pregram debugger/simulalos, in-circuil emula-
tors, and evalualion kits.

Digilal supply voltage.
Ground.

Porl A serves as the analog inputs to the A'D Converter.

Por A also serves as an 8-bii bi-directional /O porl, il the A/D Conveiler is nol used. Port pins
can provide nlernal puli-up resislors (selecled lor each bil). The Port A outpul buflers have sym-
metrical drive characteristics with bolh high sink and souice capabiity, When pins PAQ to PA7
are used as inpuls and are externally pulled low, they will source current if the Internal pull-vp
resigtors are activaled. The Pori A pins are tvi-slaled when a resel condilion becomes active,
even il the clock ig nol running.

ATMEL a

I
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s AT Eg232(L)

Port B (PB7..PBO)

Port C (PC7..PCO)

Porl D (PD7..PDD}

RESET

XTAL1

XTAL2

AVCC

AREF

25030-AVR-02/11

Port B I an 8-bit bi-directional ¥O port with inlernal pull-up resistors (selecled for ¢ach bil}. The
Port B oulput buflers have symmetrical diive characteristics with boih high stnk and sowce
capabilily. As inpuls, Porl B plns Lhal are externally pulled low will source current it the pull-up
tesislors are aclivaled. The Port B ping are vi-stated when a resel condilion becomes active,
even if the clock is not running.

Pon B also serves the funclions of various special fealures of the ATmega32 as fisled on page
B7.

Post C is an 8-bit bi-direcional YO port with intemal pull-up resislors {selected for each bil). The
Port C oulpu bulfers have symmetiical drive characterislics wilh bolh high sink and source
capabllity. As inpuls, Port C pina thal are externally puffed low will sovice currenl i the pultup
resislors are aclivated. The Pont C pins are Iri-staled when a reset condition becomes aclive,
even il Ihe clock is nel running. I Ihe JTAG inlerface J enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2{TCK) will be aclivated even if a resel occurs.

The TDO pin is tri-stated unless TAP slates thal shifl oul dala are enlered.
Port C also serves the lunclions of the JTAG interfaco and olher special lealures of the
ATmega32 as listed on page 60.

Pod D is an 8-bi bi-directional 'O por with intemal pull-up resislors {selecled for each bil). The
Port D output buflers have symmelrical drive characleristics with both high sink and sowce
capabilily. As inpuls, Porl D pins that are externally pulled low will source current d the pull-up
reaislors are aclivated. The Port D pins are iri-alaled when a reset condition becomes active,
even i lhe clock i nol iunning.

Pon D also seives Lhe funclions of various special fealures of the ATmega32 as listed on page
62.

Reset Inpul. A low level on Ihis pin for longer Lthan the minimum pulse length will generale a
resel, even il the clock is not running. The minimum pulse lengih is given in Table 15 on page
37. Shorter pulses are nol guaranleed lo gensrale a resel.

Inpul lo the inverting Oscilator ampifier and input 1o the internal cleck operaling circuit,

Oulpul from the inverling Osciltalor amphifior

AVCC is Ihe supply vollage pin for Port A and ihe A/D Converter. It should be exiernally con-
nected 1o Vg, even il Ihe ADG is nol used. Il the ADC is used, it shoudd be connecled to Vg
through a low-pass filler.

AREF is the analog reference pin for the A/D Converler.

AIMEL 5
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SENSIRION

THE SENSOR COMPARNY

Datasheet SHT1x (SHT10, SHT11, SHT15)

Humidity and Temperalure Sensor

= Fully calibrated

= Digital output

= Low power consumption

= Excellent long ferm stability

= SMD type package - reflow solderable

Product Summary

SHT1x (induding SHT10, SHT14 and SHT15) is
Sensision’s family of surface mountable relalive humidity
and lemperalre sensors, The sensors inlegrale sensor
elements plus signal processing on a liny foot prinl and
provide a fuly cafbrated digilal ouvlput A unique
capacitive sensor element Is used for measuring relative
humidity while lemparature i measwed by a band-gap
sensor. The apphed CMOSens® technology guaranlees
excelleni refiability and long term stabifity. Both sensors
are seamlessly coupled lo a 14bil analog o digilal
converler and a senal inlerface cirait. This resulls in
supenor signal quality, a fasl response fme and
insansilivity to exlernal disturbantes (EMC).

Dimenslons

é 1572220521 15601  sersorcpaing 2501
° \la?|N 5 -
ne) T Tl (we o m
g " [ M -
834 20 AsZ | QHe H |
N 3y T (e m
Y e T _1
g1 4 <
I AN /]
330 26w | o
493nx% 081

Figure 1: Drawing of SHT1x sensor packaging, dimensions in
mm (Imm = 0.035%nch). Sensor labed gives “#1" for SHT11 as
an example. Conlacls are assigred as foflows: 1:GND, 2DATA,
3:5CK, 4:VDD.

Each SHTIx k individually calibraled jn a precision
humidity chamber. The calbialion coefficienls are
programmed into an OTP memery on the chip. These
coefiicients are vsed 1o intemally calibvale the signals
from the sensors, The 2-wire sedal inerface and internal
voltage regulation allows for easy and fasl system
inlegration. The finy size and low power consumplion
makes SHTfx the viimale choice for even the most
demanding applicabions.

SHT1x 1 supplied in a swiace-mouniable LCC (Leadless
Chip Camer) which is approved for standard reflow
soldering processes. The same sensor is ako available
with pins (SHTTx) or on flex print {SHTA1).

Sensor Chip

SHT1x V4 - lor which this dalasheel apples — lealures a
version 4 Silicon sensor ¢hip. Besides the humiddy and
temperaire sensors the chip containg an amplifier, AD
conveder, OTP memory and a digRal inlarface. V4 sensors
can be identified by Lhe alpha-mmneric iraceability code on
Lhe sensol cap — see example “AS2" code on Figure 4.

Materlal Contents

While Lhe sensor is made of a CMOS chip the sensor
housing censisls of an LGP cap with epoxy glob lop on an
FR4 subsliate. The device is fuly RoHS and WEEE
compliant, s il is free of Pb, Cd, Hg, Cr(6+}, PBB and
PBDE.

Evalvalion Kits

For sensor lial measurements, lor qualification of the
sensor of even expenmental applicaton {dala logging) of
lhe sensor these is an evaluation kil EK-H4 avaitable
incdduding SHT?1 (same sensor chip as SHT1x) and 4
sensor channels, hard and software lo inlerface with a
computer. For olher evaluation kits please check
wavw.sensirion.comvhumidity.

W SeNSiton.com Version 4.3 - Way 2010 ’ 1
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Dalasheel SHT 1x
Sensor Performance
Relative Humidity
Parameler Condifon | min | typ | max | Unils
Resauiion 04 | 005 [ 005 { %RH
8 12 12 bit
|Acouracy ¥ fypicat 5 %RH
SHT10 maximal see Figure 2
Accwacy?  flypical [+30] %RH
SHTI maximal see Figure 2
hoowacy?  [hypical [ +20] %RH
SHT15 maximal see Figure 2
Repealabldy 1 %RH
Hysleresis i1 %RH
Non-ine arity linganzed <<1 %RH
Response ime ? |1 (63%) 8 s
Operating Range 0 100 | %RH
Long lerm difl ¢ |noemal <05 SRHIyr
+10
18
5 15 4
;‘ SHTI®
4 ]
S \ SHTI //
ia SATI5
10 7 — —— T

0 10 20 30 40 50 60 0 80 % W
Relative Humidity {%RH)

Figure 2: Maximal RH-lolerance a1 25°C per sensor type.

Electiical and General [lems

P arameler Condibon | min | yp | max | Unils

Sawoce Vollage 24 | 33 | 55 v
siedp 2 4 0

Povrer -

Consumpion ¢ |MeaSUg 3 mw
average 90 N

Communication |dglal 2-wire inledace, see Commupicakon

Slorage 19— 50°C (0 - 125°C peak), 20 - G0%RH

1 The delou measurement rescution of is 14tk lor 1emperaivre ard 120 for
fumicity, R ¢an be reduced 1 12:808 by command 1o slalvt regden

t Acpurpcies goe lesled al Ouigoryg Chality Conlrer @ 25'C (T7°F) an¢ A3V,
Vaives exchede bysienesis and pre appicabie by roncongersing emvircrmerdy
oy

¥ Time for reaching 63% of  step funglzn, +2k0 21 25°C and 1 m 5 airfiow

SENSIRION

THE SENSOR COMPANY

Temperature
Parameles Condifon | min { typ | max {Unils
Reseluton 004 | 004 jOB1| °C
12 14 4 bit

Acturacy 2 typical 0.5 °C
SHTIO mamal see Figure 3
Aocoracy 7 [typical [ +04] ¢
SHTH maximal see Fique 3
e [+03] |°¢
SHT15 maximal see Figure 3
Repealablily +1 °C

. 40 1238{ °C
Opesating Range 40 2549] °F
Respornse Time & |y (53%) 5 0| s
Long lerm dafl <004 “Ciyr

100 T v ¥ T T 7
40 -® 1} 2 @0 1) 4] 100
Tomperature {*C}

Figure 3: Waximal T-iclerance per sensor type.

Packaging Informatien

Sensor Type | Packeging | Cuanlity | Order Number
SHT10 Tape & Reel 2000 1-100218-4
Tape & Reel 100 110005104
SHT11 Tape & Reel 400 1-100038-04
Tape & Redd 2000 110052404
SHT1S Tape & Reel 100 1-100085-04
Tape & Resl 400 1-100093-04

This dalasheet is subjecl lo change and may be
amended withoul priov notice.

! Vaue may be bights m esrvirer ments with high comerts of velalile o aric
tompounds See Section 1.3 of Usens Goide

¥ values for YDD=23 @ 25°C, average vahoe # ore | 2 meatueement
pef aeerd

¢ Resporse time deperds 0n heal capacity of and Memad resistance lo
SES0f sbsile.

NYWW. SENSIIN.COM

Version 4.3 - May 2010 2m
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Users Guide SHT1x

1 Application Information

1.1 Operaling Conditiong

Sensor works slabla within recommended normal range —
see Figure 4. Long lerm exposires lo condiions outside
noimal range, espedially at humidity >80%RH, may
lemporardy offset the RH signal (+3 %RH afler 60h). Afler
reluin lo nomal range il wil slowly relum lowards
calibration state by ilsell. See Section 1.4 "Reconditioning
Procedure” to accelerats eliminaling Lhe offsel. Prolonged
exposure lo exirema conditions may accelerate ageing.

EWO \\
% s ,
E LY 5 Normai N\
; w0/ g Range vy
En| = \
& [+ v T d T T ¥

40 0 0 20 40 60 & 100 10

Temperature [*C)
Figure 4: Operaling Condilions

12  Soldering instructions

For soldaring SHT1x slandard refiow soldering ovens may
be used. The sensor is qualiied lo withsland soldering
profila according Yo IPCIJEDEC J-STD-020D with peak
temperatures al 260°C dwing up to 40sec intluding Pb-
lree assembly in [R/Convection refiow ovens.

Temperature

5

- T -
P 0 4 entital 7one Time
Figure 5: Scldenng profile accarding to JEREC standard. Tr <=
260°C and tr < 40sec for Pb-free assembly. Ty < 220°C and | <
150se¢. Ramp-up/down speeds shall be < 5°Ciseg,

For soldering in Vapor Phase Reflow (VPR)} ovens the
peak conditions are limiled to Tp < 233°C during I <
60sec and ramp-up/down speeds shall be fmiled lo
10°C/sec. For manval soldering conlact time must be
limiled lo 5 seconds al up 1o 350°C”.

T 2R°C = 651'F, B0°C = S00°F. 350°C = 662°F

SENSIRION

THE SENSOR COMPANY

IMPORTANT: Afier soldering the devices should be stored
a >75%RH for at leas! 12h lo allow the polymer lo re-
hydrale. Otherwise the sensor may read an offsel that
skwmly disappears i exposed lo ambienl conditions.
Allernatively the re-hydralion process may be performed al
amblen conditions (>40%RH) dwing more than 5 days.

In no case, neither afler manual nor reflow soldering, a
board wash shal be applied. Therefore it is slrongly

recommended lo use “no-clean” solder pasts. In case of -

appiication with exposure of the sensor 1o conasive gases
o condensed waler fi.e. environments with high relalive
humidity) the seldering pads shell be sealed {e.g.
conformal coating) to pravent loose contacts or shor culs.

For Ihe design of the SHT1x foolprinl it is recommendad to
use dimensions according lo Figwe 7. Sensor pads are
coaled with 35pum Cu, 5pm Niand 0.1pm Au.

< ol

i :

3 . 2060

S
S 2 i

H eoveo

Figwe 6: Rear side efecirodes of sensor, view from lop side.

7, o mm 3]
s |, ?ftq‘

Figure 7: Recommended loolprint for SHT1x. Values in mm.

1.3 Slorage Conditlons and Handling Instructions

It is of greal imporiance to undersland thal a humidity
Sensor is ol a noimal eleclionic component and needs 1o
bo handled with care. Chemical vapws al high
concentralion in combination with long exposure fimes
may offset the sensor reading.

For these reasons il is recommended 1o slore the sensors

in onginal packaging including the sealed ESD bag at

Version 4.3 - May 2010 ¥
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Datasheet SHT1x

lollowing conditions: Temperature shall be in the range of
10°C - 50°C (0 - 125°C for imiled time) and humidity al
20 - 60%RH (sensors that are nol slored in ESD bags).
For sensors thal have been removed from the original
packaging we recommend 1o slore them in ESD bags
made ol metakin PE-HDE.

in manufactwing and transport lhe sensors shall be
prevenled of high concenlration of chemical solvenls and
long exposure limes. Oul-gassing of glues, adhesive lapes
and slickers or out-gassing packaging malerial such as
bubble los, foams, elc. shall be avoided. Manufaciuning
area shatl be well ventilaled.

For moie detailed informalion please consull the
documen! "Handling Instruclions™ or contact Sensirion.

1.4  Reconditioning Procedure

As slaled above extrema condilions of exposure lo solvent
vapors may offsel the sensor. The loSowing recondiioning
procedura may bring the sensor back to calbration slate:

Baking: 100 - 165°C at < 5%RH for 10h
Re-Hydation: 20 - 30°C af ~ 75%RH for 12h &,

1.5 Temperature EHecls

Refalive humidity reading sbongly depends on
temperalure. Thereflore, it i5 essential lo keep humidity
sensors at the same temperaiure as Lhe air of which the
relalive humidity is lo be measured. In case of lesting or
quakification he reference sensor and lesl sensor must
show equal temperalure lo alow for comparning humidity
readings.

If the SHT1ix shares a PCB wilh eleclronic componenls
ihat produce heat it should be mounled in a way thal
pravenis heat ansfer of keeps it as low as possible,
Measures lo reduce heat ransler can be ventlabon,
reduction of copper layers between the SHT1x and the
rest of the PCB or milkng a siit into the PCB around the
sensof (see Figwe 8).

Figure 8: Top view of example of mounled SHT 1x with sils
milled inlo PCB o minimize heat iransfer.

! For example 30 ardslabe bag. product *) W10" with zipper .
£ 75%RH can conveierdly be gensied wih satwaled WaC) sobdion
100 - 105°C conespord Lo 112 - Z2VF. 20 - 30°C covespord bo 68 - B&°F

SENSIRION
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Furhermore, there are self-healing effecls i case ihe
measurement frequency is loo high. Pleass refer to
Section 3.3 for delailed information.

1.6 Lighl

The SHTIx is nol light sensitive. Prolonged direcl
exposure 1o sunshing or strong UV radialion may age the
housing

1.7  MWembranes

SHTHx does nol contain a membrane at the sensor
opening. However, a membrane may be added 1o prevent
dinl and droplels from entering the housing and to prolect
lhe sensor. It will also reduce peak concenlrations of
chemical vapors. For optimal response Bmes Ihe air
volume behind the membrang musl be kepl minimal.
Sensirion recommends and supplies the SF1 Ster cap for
oplimal [P54 prolection (for higher protection - ie. IP67 -
SF1 must be sealed lo the PCB wilh epoxy). Please
compare Figue 9.

CA T

Melled plastic pin

Flgure 9:Side view of SF1 filler cap mounled between PCB and
housing wall Volume below membrane is kepl minimal,

4.8 Materlals Used for Sealing / Mounting

Iany maleriaks absorb humidily and will acl as a buffer
incieasing response times and hysleresis. Materials in |he
vicinity of Ihe sensor musl thetefore be carefully chosen.
Recommended malenals are: Any melals, LCP, POM
{Deliin), PTFE {Teflon), PE, PEEK, PP, P8, PPS, PSU,
PYDF, PVF.

For sealing and gluing (use spanngly)y Usa high filed
epoxy for eleclionic packaging (e.0. gleb lop, underfil},
and Silicons. Out-gassing of these malenals may also
conlaminale the SHT 1x (ses Seclion 1.3), Therefore Iy 10
add lhe sensor as a lasl mamnfachwing slep to Lhe
assembly, slore the assembly well venllaled afer
manufaciuring or bake al >50°C for 24h to oulgas
contaminants belore packing

1.9  Wiring Conslderations and Signal Integrity

Camying the SCK and DATA signal parallel and in close.

proximity (e.9. in wires) for more than 10cm may resull in
aoss lalk and loss ol communication. This may be

Vv Sersifnon.com
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resolved by routing VDD andior GND between the two
data signals andfor using shiedded cables. Futhermore,
slowing down SCK [requency will possibly improve signal
inlegrity. Power supply pins {VDD, GND) mwst be
decoupled with a 100nF capacilor il wares are used.
Capacitor shoukd ba placed as close lo the sensor as
possible. Please sea the Application Nole “ESD, Latch-up
and EMC" for more information.

1.10 ESD (Eleclroslatic Discharge)

ESD immunity is qualified according fo MIL STD 833E,
method 3015 (Human Body Model at +2 kV).

Latch-up immunily is provided at a force cumrenl of
+100mA with T, = 80°C according o JEDECTBA. See
Appiication Note ESD, lalch-up and EMC' for more
mlormation.

2 Interface Specifications

Pin| Name Comment

1 | GND [Ground

2 | DATA |Sesiat Dala, bicirectional
3 | SCK [Sesiat Clock, inpul anly
4 | VDD |Source Viallage

NC| NC |Must be lefl unconnected

Table 1; SHT4x pin assignmeni, NC remain foating.

2.4 Power Pins (VDD, GND)

The supply vollage of SHT1x must be in the range of 2.4 -
5.5V, recommended supply wollage is 3.3V. Power supply
pins Supply Vollage (VDD) and Ground {GND) must be
decoupled with & 100 nF capacitor — see Figure 10.

The serial interfaco of the SHT1x is oplimized lor sensor
readout and effoctive power consumption. The sensor

SENSIRION
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2.2 Serial clock Inpul (SCK)

SCK is used to synchronize the communication between
microcontrofier and SHT1x. Since e interface consists of
futly slatic logic there is no minimum SCK frequency.

2.3 Serial data (DATA)

The DATA lii-slale pin is used to fransfer dala in and oul
of the sensor. For sending a command 1o the sensor,
DATA is valid on the rfising edge of lhe serial cleck {SCK)
and mus! remain slable while SCK is high. ARer the fafing
edge of SCK Ihe DATA value may be changed. For sale
communication DATA vabd shall be extended Ts, and Tro
before the rising and afler the lalling edge of SCK,
raspeclively — see Figure 1t For reading dala from the
sensor, DATA is valid Ty aRes SCK has gone fow and
remains vafih until the next falling edge of SCK.

To avoid signal contenion the micrecontrolier must only
drive DATA low. An exiemal pull-up resislor {e.g. 10k} is
raquired to pull the signal high — il should be noted thal
pll-up resisiors may be induded in O crcuils of
microconlrollers. See Table 2 for detailed YO charactenisbc
of the sensor,

24 Electrical Characterisles

The electrical characleristics such as power consumplion,
I and high leved inpul and output voltages depend on
the supply voltage, Tabke 2 gives eleclical characleristics
of SHT 1x wilh the assumplion of 5V supply voltage if nol
stated otherwise.

Parameles Condilons min | typ | max [Units

Powes supply DCY 24 13355V
Measuing 05 1 | mA

Supply cunenl average"! 2 | 28 pA
deep 03] 15| pA

Low fevel output

vallage b <A mA 0 250 | mV

High level oulput

voitage Re< 26k} |90% 100% VDD

Low level input vy A

wliage Negative going| 0% 20% |vDD

High level ingul B .

vollage Pogitive going | 80% 100% | VDD

Irpud cumenl| o pads pA
on 4 | mA

menl
- Tri-slaled (ol 10 | 20 | pA

Table 2: 8HTIx DC characlershos. Re slands for pull wp
resislor, while by i b level outpid cumenl.

1% Recommended village supply ka highes! acturacy i 3.V, due Io sensor
calibrabion

U Mmirman value with 09 of Bt ion wiboul OTP reload
per socond. Typical vaue wilh one measwemenl of 17t resolion per
s=0ond

WYY SENSHIoN.OoMm
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Absolule maximum ratings for VDD versus GND are +7V
and -0.3V. Exposwe io absolle maximum raling
conditions for extended penods may affect the sensor
refiablity (e.9. hot carner degradation, oxide breakdown).
For proper communication with the sensor il is essential to
make sure thal signat design is stictly within the limils
given in Table J and Figure 11.

T«

SCK:E ........ N
T —w

Flgure 11: Timing Diagram, abbreviations are explained in
Tatls 3. Bold DATA line is conlrofied by the sensor, plain DATA
line i$ conlroied by the micro-controBes. Nole that DATA valid

SENSIRION
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32  Sending a Command

To initiale a transmission, a Transmission Slarl sequence
has lo be issued. i consisls of a lewerning of the DATA line
wivle SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is sl high — see Figure 12.

Figure 12: "Transmission Slan" sequerce

The subsequenl command consisls of thee address bils
fonly ‘000" & supported) and five command bils. The
SHTTx indicales the proper receplion of @ command by
pulling the DATA pin kow (ACK bil) afier the {afing edge of
Ihe Bih SCK dock. The DATA line is released (and goes
highy) afier the falling edge of the 9th SCK clock.

read lime is liiggered by faffing edge of anterior loggie. Command Code
Reserved 0000x
Parameler Condikons | min | lyp | max|Units Measure Temperature 00011
VDD >45¢] 0 O] 5 |MH:z Measure Relative Humldily 00101
Fsex [SCK Frequency :
voD<4sv] o o1 1 |MHz Read Stalus Regisler 0011t
Tocax |SCH hiflow fime 100 s :e'h Sl;lus Regiler g::;:o prr7e
Seyy! X
T } I i :
nfff PCKppion g o 3’5 2:::: 3 e Sof reset, resels e intedlace dearsthe | 11110
. g . ns stalus regisler fo delfadl vales Wal ménimam
Teo [DATA fal lime
oL = 100pF | 30 | 40 [200] rs 11 ms befose nexd comunand
Teo  [DATA rise bime o oee | o e Table 4: SHT x list of commands
Tv  |DATA valid lime 200|250 ™ | ns 33  Measuwremenl of RHand T
Tsu |DATA selup time 10031509 ™ | ns After issuing 2 measwemenl command {100000101' for
Tio  [DATA hold lime 07151 m refative  humidity, 00000017 Jor lemperature) the

Trat T = [Fxa = Toe - Tacg
o Tx isdelemmine by the #+'C. . Ime-corstand al DATA bre

T var dnd Ta,_»m tepend on exierrad pud-up resistor (R} and ota bus.
fine capacilance (Chin)al DATA bng

Y T rm € Te-man{T= Tr)

Table 3: SHT1x N0 signal dewaclenstics, OL slands for Cutpud
Load, enfies are displayed in Figure 11.

3 Communication with Sensor

3.1t Startup Sensor

As a first slep the sensor is powered up to chosen supply
voltage VDD. The slew rale during power up shall nol fafl
below 1W/ms, Afler power-up the sensor needs 11ms lo
gel lo Steep Slale. No commands must be sent before
Ihal lime.

conlrolier has to wait for the measurement 1o complele.
This lakes a maximum of 20/80/320 ms for a B12114bit
measuremenl The ime vanes with the speed of the
inleral oscillalor and can be lower by up 1o 30%. To
signat the completion of a measurement, the SHT1x putls
dala ne jow and enlers kile Mode. The conlroller must
wail for this Dala Ready signal before restarting SCK to
ieadowl lhe dala. Measuremenl dala is stored unid
readout, theqefore the conliolier can conlinue with other
Lasks and readout at its convenience.

Two bytes of measuremenl dala and one byte of CRC
checksum {oplional) will then be transmilled. The migo
conirofier musi acknowiedge each byle by pulling the
DATA line low. All values are MSB fist, right justified (e.g
he 5™ SCK is MSB Jor a 12bit value, for a 8bil resull the
fwst byte is nol used),

WV SENSINON.COm
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Commimicalion terminates afler tha acknowdedge bit of
the CRC data. ti CRC-8 checksum is nol used lhe
controller may lerminale the communicaton after Lhe
measuremeni dala LSB by keeping ACK high. The device
aulomalically retumns to Sleep Mode afler measurement
and communication are compleled.

Imporian: To keep sell healing below 0.1°C, SHTHx
shouid nol be active for morg than 10% of the lime - eg.
maximum one measwemenl per second ai 12bil acouracy
shall be made.

34 Connectionrese! sequence

tf commanicalion with the device is lost the following signal
soquence will resel he serdal inlerdace; Whie leaving
DATA high, {oggle SCK nine or more times - see Figure
§3. This must be followed by a Tiansmission Slarl
sequence preceding the next command. This sequence
resels the interface only. The status register preserves ils
conlenl.

Figure 13: Connection Rese| Sequence

35 CRC Checksum calevlation

The whole digital Uansmission is secwed by an Bbil
checksum. it enswes thal any wiong dala ¢an be delecled
and ekminated. As described above Lhs is an additional
fealwe ol which may be used or abandoned. Piease
consull Applicabon Nole "CRC Checksum® for information
on how o calculale the CRC.

SENSIRION
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36  Status Reglster

Some of the advanced functions of the SHT1x such as
szlecling measwement resolution, end-ol-battery notice,
use of OTP reioad o using the healer may be activated by
sending a command to the status register. The lofowing
section gives a brief overview of these features.

Afler the command Slalus Register Read or Slalus
Regisler Write — see Table 4 — the conlent of 8 bils of the
slatus regisler may be read oul or willen. For ihe
communication compare Figure 14 and Figure 15 — the
assignation of the bils is displayed in Table 5.

ITTT
bus Regisler
L

ACK

|ojojojojofr ]y

=]

T
§%TA

Figure 14: Status Regisler Wte

[TITT7 TITTT7Y
¢

ofo]1|1]118 ]3] Satws Register

ACK
B 7
ACK

B ¥

O PLAT T

Figure 15: Status Register Read

Examples of il communication cyde are displayed in
Figure 16 and Figure 17.

T T e T

Z1e|oto] Command (1] [1] MEB
NN i AN TRURT A b
ML T T
pepeE i ®

Figwre 16: Overview of Measuremenl Sequence. TS = Trans-
mission Starf, MSB = Mos| Signficani Byle, LSB = tasl
Significanl Byle, LSt = Last Signifcant 81

SCK

Tranzmisdion Starl Address = 000" Command ="00101" M dasurarmenl
2 A Ao e e ¢ oo [ack 0ms for i)
DATA \ / \' g, AT oy ™
Idis Bt Mss 1200 sty Data Y 2 i
5 ow N wflM 108 8 ACK T 6 5 4 3 2z 1 0 ACK

oATA _ -+ eila g e e e

N e

MSb CRC-3 Chacksum 150
! B8 5 4 3 2 1 o

Seap [wa lor neat Tranamisslon Slar
measl reme )

o/

Figure 17: Example RH measwement sequence for value 0000'G1000011'0001° = 1073 = 35.50%RAH {wihoul lamperaiure
compensation). DATA vahid times are given and referenced in boxes on DATA tine. Bold DATA lines are conlralled by sensor whilte plain

ings are conlrolied by the micro-conlrofler.
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Bit |Type |Desciption Defaul
7 resesved 0]
End of Ballery (low vollage No defaut vahe,
s |r deleclion) X it is ondy updaled
07 for VOD > 24T afler a
1 e VDD <2 47 measurement
5 reserved 0
4 reserved 0
3 For Tesling only, do notuse | 0
2 [RM |Heater 0 jol
1 [RW o reload Trom OTP 0 [reload
't = Bbil RH/ 12bi Temp.
resolution 12 RH
O [RW oy 1o RH T 14tk Temp. | O | sabit Tesrp.
resolulion

Table 5: Status Regisler Bits

Measwrement resoluion: The defaul  measurement
resofution ol 14bil {lemperatwe) and 32bil (humidity) can
be reduced to 12 and 8bil This & especiafly useful in high
speed or extreme low power applicalions.

End of Batlery hincbon delecls and nolifies VDD voltages
below 2 47V. Accuracy is £0.05V.

Heater: An on chip healing efement can be addiessed by
wiiling a command into slatus register. The healer may
ncrease the femperature of the sensor by § - 10°CY
beyond ambient femperature. The heales draws roughly
8mA @ 5V supply voliage,

For example lhe healer can be helpfl for funclionality
analysis: Humidily and lemperakie readings belore and
afler applying he healer are compared. Temperature shall
increase while relalive humidily decreases at lhe same
tine. Dew poinl shall remain the same.

Please note: The lempesatwe reading will display Lhe
lemperalure of the healed sensor element and nol
ambienl temperatwe. Furdhermore, e sensor is not
qualified lor conlinuous applcation of the heater.

OTP reload: With this operation lhe calitwaion dala is
uploaded lo the regisier before each measwemenl This

may be deaclivaled for reducing measwemen! time by
aboud 10ms.

4 Conversion of Signal Output

4.1  Relative Humidity

For compensating non-linearity of the humidity sensor —
see Figure 18 — and for obtaining the full accuracy of the
sensof il is recommendad to conver the humiddy readout

H Carespeads to 9 18°F

SENSIRION
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(50w} with Lhe foltowing formuda wilh coefficienls given in
Table 6:

RH,, =€, +¢,-50g, +C, -S04, (%RH)

SO0 2] tz [=]
12bil -2.0488 0.0367 -1.50556-6
o bt 20468 05872 -4 (84564

Table 6: V4 humiddy conversion coefficients

The values given in Table 6 are optimized ooefficients for
V4 sensors. The parameler sel for V3 sensors, which has
been proposed in earker dalasheots, silt apphes and is
provided by Sensirion upon request

Values higher Ihan §9% RH indicale lully saturaled air and
must be processed and displayed as 100%RH". Please
nole thal Ihe humidity sensor has no significan! voltage
dependency,

233843
\

Relative Humldity

500 1000 1500 2000 2500 3000 3500
80z, sensos readout {12bit)
Figure 18:; Conversion from SOgx to refative humidity

=

4.2 Temperalure compensation of Humldity Signal
For femperatures significantty differenl from 25°C {~77°F)
lhe humidity signal requires temperalure compensabion.
The lemperalwe correchon comesponds roughly lo
0.12%RH"C @ 50%RH. Coeflicients for Lhe temperature
compensalion are given in Table 7.

RH,, =(T.c-25)-(t, +1,- SO J+RH,,

SO0 h 5}
12 bit 0.0 0.00008
B bit 0.01 000128

Table 7: Temperalure compensaton coefhidenis'

- 43 Temperature

The bandgap PTAT (Proporional To  Absohte
Tempeialure) lemperalure sensor is very linear by design.

1 ¢ weited e xcassively (sirong condemsaton of walet o sensel fuface),
sensid pllpul sgnal can drop belos 100%RH (even below (sRH in some
tases) bud the sensor il recover campletely when waler dopists
evapmale The sensor s not ped by waler i On of

1 Coaficaents apoly both 1o V3 a5 well as 10 V4 sensors.
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Use the following formuia o convenl digital readout (SOy)
lo lemperatwre value, wilh coefficients given in Table 8:

T=d,+d,-80,

VoD | &i(’C) | oA | {1 | &:(°C) | (')
W | 401 | 402 | [ta5t | oo | ool
av | 28 | 395 | [ | oo4 | ooz
asv | 7 | 295
v | 26 | -93
2.5V 94 -389

Table 8: Temperature conversion coefficients's,

44  DewPolnt

SHT1ix is not measuring dew point directly, howeover dew
point can be detived fiom humidity and lemperalura
readings. Since humidity and lemperalure are both
measwed on lhe same monolithic chip, the SHT1x allows
superb dew poinl measurements.

For dew point (Tq) calculabions there aie various lormulas
lo be applied, most ol them quile complicaled. For Lhe
lemperalwe range of 40 - 50°C the loflowing
approximalion provides good accuracy with paramelers

given in Table 9:
ln( RH ]+ mT

Td(RH.T)=Tn- 100%) 7 +7T

i .;{ ﬂ]_m_-T

100% 7 T, +T

Temperalue Range . Tn{*C) m
[Above waler, 0-50°C 243.12 17.62
Above ice, 40-0°C 27262 22.46

Table 9: Parameders {or dew poind {T,) caloulalion.

Please nole that *In{.. )" denotes the natural dogarithm. For
RH and T the finearized and compensated values for
refalive humidily and femperatuce shall be applisd.

For more information on dew point caloudation see
Application Note ‘Inlroduction to Humidity™

5 Environmental Stability

I sensors are qualified for assemblies or devices, please
make sure ihal ihey expenence same condibons as ihe
relerence sensor. It should be taken inlo account thal
response bmes in assembkes may be longer, hence

15 Temperaluse coefficinnis hive slighly boen adjusted compared to datasheal
SHTax vemion 3 0. Coeffioients apply lo V3 as well as V4 sensors

SENSIRION
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enough dwel time for the measwemen shall be granted.
For deladed information please consuli Application Nole
“Qualification Guide".

The SHT1x sensor series were lesled acoording lo AEC-
Q100 Rev. G qualificaion lest method. Sensor
specifications are lested lo prevail under the AEC-Q100
temperatwe grads 2 lest conditions listed in Table 107,
Sensor performance under other test conditions cannol be
guaranieed and is nol parl of the sensor specificalions.
Especialy, no guarantee can be given for sensor
perormance in the field of for cuslomers spedific
application.

Pigase conlact Sensiren for deladled information,

Environmenl  |Standard Resulis?
HTSL 125°C, 1000 hours Within
specificalions
1C 50°C - 125°C, 1000 cydles  |Within
Acc. JESD22-A14-C spetifications
UHST 130°C 1 85%RH 1 =2 Fbar, Wyilhin
9Gih spediicalions
THU 85°C/ 85%RH, 10000 Wilhin
specificalions
ESDwmmunily Ml STD 883E, melhod 3015 |Oualified
(Human Body Model al +2KV)
Latch-up force oumrent of $100mA with |Quatified
Ton = 80°C, acc. JEDEC 17

Table 10; Quatibcalion tests: HTSL = High Temperalure Storage
Lifebme, 1C = Temperaluwe Cycles, UHST = Unbiased Highly
accelerated Stress Tesl, THB = Temperature Humicily Unbiased

6 Packaging

6.1 Packagingtype

SHT1x are suppied in @ suface mountable LCC
[Leadless Chip Camier) [ype package. The sensor housing
consisls of a Liquid Crystal Polymer (LCP) cap with epoxy
giob 1op on a standard 0.8mm FR4 subslrate. The device
is fully RoHS and WEEE comphanl - il is free of Pb, Cd,
Hg, Cr{6+}, PBB and PBDE.

Device size is 747 x 493 x 25 mm (029 x 019 x 0.1
inch), see Figure 1, waight is 100 mg

6.2 Traceability Information

Al SHT1x are marked wilh an alphanumeric, lhree digil
code on the chip cap (lor relerence; V3 sensors were
labeted with numenc codes) — see “ASZ” on Figwe 1. The
lot numbers alow full Laceabdlity through production,

1€ Sensor oper ahon lempes slure range i -4010 105°C according o AEC 0100
tamperate & g ade 2
17 pccordrg lo acturacy and long lerm dofl speoficeticn ghven on Page 2.
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calibration and festing. Na information can be derived lrom
tha code directly, respeclive data 5 slored al Sensirion
and is provided upon requesL

Labels on the reeks are displayed in Figwes 19 and 20,

SENSIRION
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6.3  Shipping Package

SHTx are shipped in 12mm lape at 100pcs, 400pes and
2000pcs — for dalails see Figure 21 and Tabiz 11. Reels
are individually labeled with barcoda and human readable
bbeks.

they both give traceability information.
Sensor Type | Packaging | Quanity | Osder Number
Lot No.:  XXO-KN-Y¥RRATTITT SHI10 Tape&Reel | 2000 | 1-10021804
Quantity: RRRR Tape & Reel 100 1-100051-04
ROHS: Compliant SHT 11 Tape & Reel 400 1-100058-04
p—_— Tape&Reel | 2000 | t-100524-04
{ T OO O A J TS | et | o | Tioonsod

Figure 19: Firsl kabel on reel: XX = Sensor Type (11 for SHT11),
NN = Chap Version (04 for VA), Y = lasl digil of year, HRR =
number of Sensors on reel divided by 10 (200 for 2000 units),
TTTIT = Traceatibty Code.

SENSIRION
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Device Type. 1-100PPP-NN

Desceriplion: Humidily & Temnperalure Sensor
SHox

Parl Order No.  1-100PPP-NN or Cusiomer Number
Dale of Delivery: DOD.MM_YYYY
Order Code: 46CCCC /0

Figure 20: Second label on reed: For Device Type and Pail
Order Number please refer 1o Table 12, Delivery Dale {also
Data Code} is dale of packaging of sensors (DD = day, MM =
manth, YYYY = year), CCCC = Sensifion ordes numbar.

Table 11: Packaging types per sensor fype.

Dimensions of packaging tape are given in Figure 21. Al
lapas have a minimum of 480mm emply leader tape (firsl
pockets of Ihe lape) and a minimum of 300mm emply

lraiter tape {fasl pockets of the tape).
2004 B.05 —a e PLYMN T
- A1 e
n:mnnsa-r 4 T T ?gﬁ'
- : |3
Row"{ © 0.0 00 Ddoo‘r F
- :
a7 @Y,
JL ST e
200 ROS TYP

B2

Figure 21; Tape configuralion and unil crientalion within tape,
dimertsions in mim (Imm = 0.03%nch). The teader tape is al the
righl side of the igure while the iraler tape is lo the lefl
{threction of unreeding).
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Revision History
Dale Version Page{s) [Changes
| July 2008 4.0 1-11  |New release, rework of dalasheel
Seplember 2008 4.1 3.4 [Adjustmend of normal operaling range and recommendalion for anlislatic bag
Apsil 2009 42 2,7 [Amended foot nole 2, communication diagram updated (Figure 17).
May 2010 4.3 111 [Verous erors cometled and additional informalion given {ash for change protosol).
Important Notices
Waming, Personal knjury

Do nol ute this product as safely or emergency slop devices of In
any other apphicatlon where falare of the product could reswit In
parsonal Injury. Do not uas this pioduct Tor applications other
than its inlended and aulherized use. Befare Inslafing, handling,
using of servicing this produel, please consull the data shoet and
application notes. Falhwe 1o comply with the se Insiuctions could
TesuR In de ath or serlous Injury.

It the Buyer shal pwrchass o use SENSWRION produds for any
uninlended of uremBuxized applicason, Buysr shall detend, indemanfy
and hoid harmiess SENSIRION and #s offcers, smployees,
subsidianes, afiates and distbulos aganst a dams, CoSs.
damages and expenses, and reasonable allamey fees arsing oul of,
directly of indireclly, any claim of personal injury o death associaled
with such uninfended of Lnauthorized use, even f SENSIRION shall be
allegedy negigen] wilh respect bo 1he design o the mamfaciure of the
prochecl

ESD Precautions

The mherenl design of #is component causes Al lo be senséive b
elethostatic discharge (ESD). To preveal ESD-induced damage andir
degradsiion, lake cusiomay and statulory ESD precaufons when
handing this producl.

See appicaton noto “ESD, Lalchup and EMC for more memalion
Warranty

SENSIRION warrants salely to the ariginal purchaser of this product for
a period of 12 months {one year} fom b daie of delivery that this
produci shall be of the qually, malesial and warimarnship defned in
SENSIRIONS pubished specieatovs of the product. Wit such
pariod, § proven b ba defecive, SENSIRION chal repar and/or
replace this product, in SENSIRION's discralion, ree of charge o the
Buyer, provided thal:

o axch defects shal be found, to SENSHIONs reasonable
sassbacion, b have arisen ¥om SENSRIONS faully design,
malerial, of workmanship;

s e deledive product shall be reluned lo SENSIRION's factory at
e Buyar's expense; and

s e wamanly period for amy repaired of riplaced product shall be
femited Lo he urexpired parkion of the original period.

This wamaniy does not apgly lo any equipment which has nol been
wilalled ard 1sed wikin he spediicatons recommended by
SENSREON fx the imended and proper v of he equipmdnl
EXCEPT FOR THE 'WARRANTHES FXPRESSLY SET FORTH
HEREM, SENSIRION MAKES MO WARRANT ES, EITHER EXPRESS
CR MPLED, WITH RESPECT TO THE PRODUCT. ANY AND ALL
VARRANTIES, WCLUDNG WITHOUT LIMITATION, WARRANTIES
OF MERCHANTABLITY OR FITHESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECUNED.
SENSHION & only Bble for delecks of it preduct arising under the
canditions of opesabon provided bor in the dala sheel and proper vse of
the goots. SEREIRION explicity distiame all wamanlies, express of
mplied, bor any paried durng which e goods ane operaled or slored
ol in atbordante with [he technical specibtations.
SENSRION does nol assisme any bahilly artsag ol of any appiication
or use ol any produd o drouil and speciicaly disckaims any and al
lishfly, nclugng willhool fmdsbon cosequentid o incidental
damages. AN operafing paramelars, including withoul limilalkon
recomimended paramelers, mas| be valdaled ki each cuslamer's
applicaions by cuslomers lechrica  expeds  Recommended
paramelers can and do vary in differen applicaions.

SENSIRION reserves ihe right, withou! huther nolice. {1} 1o changs e

producl epedcaions and/or the information in his docurnent and () lo

wmprove efiablly, functions and design of Fis produd.

Copyrigh® 2009. SENSRION.

e notice in whiing descrbing the defects shall be gaen b CHOSers® is 2 bademark of Sensirion
SENSIRION wilhin fourleen ( 14) days afler heir appearancs; Adsights 1
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= DALLAS

P SEMICONDUCTOR

FEATURES

» Real-tlime 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, nonvotatile (NV)
RAM for dala slorage

=  Two-wire serial interface

= Programmable squarewave oulpul signal

= Auloemalic power-fail detect and switch
circuilry

= Consumes {ess than 500nA in ballery backup
mode with oscillator running

»  Optional industrial temperature range:
40°C 10 +85°C

*  Available in 8-pin DIP or SOIC

=  Underwriters Laboratory (UL) recognized

ORDERING INFORMATION

DS1307 8-Pin DIP (300-mil}
DS1307Z 8-Pin SOIC (150-mil}
DSI1307N 2-Pin DIP (Industrial}
DSI1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

DS1307

64 x 8 Serial Real-Time Clock

PIN ASSIGNMENT

Ot Ve
o I3 sawouTt
Vaw} 3 D scL

GND 'é 4 SPISDA

DS1307 8-Pin DIP {300-mil)

&

ximh & [DVe
x2 2 T D SOWRUT
Yaur [T 3 6 [[gcL

cND T4 s [l0SDA
DS 1307 8-Fin SOIC {150-mil)

PIN DESCRIPTION

Vee - Primary Power Supply

X1, X2 - 32.768k1 Iz Crysial Connection
Vaar - +3V Banery input

GND - Ground

SDA - Scrial Pala

SCL - Serial Clock

SQW/OUT - Squarc Wave/Output Driver

The DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal {BCD) clock/calendar
plus 56 bytes of NV SRAM. Address and data are transferred serially via a 2-wire, bi-directional bus.
The clock/ealendar provides scconds, minutes, hours, day, date, month, and year information. The end of
ihe month date is automatically adjusted for months with fewer than 31 days, including correclions for
leap ycar. The clock operales in either the 24-hour or 12-hour formal with AM/PM indicator. The
DS 1307 has a buill-in power sense circuit thal detects power failures and aulematically swilches to the

baltery supply.

lell2 100101
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TYPICAL OPERATING CIRCUIT
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OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subscquent registers
can be accessed sequentially until a STOP condition is execuled. When Vec falls betow 1.25 x Vasrthe
deviee terminales an aceess in progress and resels the deviee address counter, Inpuis (o the deviee will

not be recognized at this lime lo prevent erroncous data from being written lo the device from an oul of

tolerance system. When Ve falls below Viag the device switches into a low-currenl battery backup
mode. Upen power-up, the device switches from baltery 1o Veewhen Ve is greater than Vaar + 0.2V
and recognizes inpuls when Vec is greater than 1.25 X Vaar. The block diagram in Figure | shows the

main elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1
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D51307

SIGNAL DESCRIPTIONS

Ve, GNIY — DC power is provided to the device on these pins. Vee is the +5V inpul. When 5V is
applied within nonnal limits, the device is fully accessible and data can be wrillen and read. When a 3V
battery is connected to the device and Vecis below 1.25 x Vy,r, reads and writes arc inhibiled. However,
the timekeeping function continues unalfecled by the lower inpul voitage. As V¢ falls below Vpar the
RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vaar.

Vaat — Battery input for any standard 3V lithium cell or other energy source. DBatlery voltage must be
held between 2.0V and 3.5V for proper operalion. The nominal write prolect irip point vollage at which
aceess Lo the RTC and vser RAM is denied is sel by the intemal circaitry as 1.25 x Vpar nominal. A
Liviumn battery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence ol
power al 25°C. UL recopnized (o ensure againsl reverse charging current when used in conjunclion with a
lithium baitery.

See “Condilions ol Acceptability’ at hup:/www. maxim-ic.com'TechSupport/QA/ntrl.lum.
SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data fnput/Qutput) — SDA is the input/oulput pin for the 2-wire serial interface. The SDA
pin is opea drain which requires an external pullup resistor.

SQW/OUT (Square Wave/Quiput Driver) — When enabled, the SQWE bil set to 1, the SQW/OUT pin
outputs one of four squarc wave frequencies (1Hz, 4kHz, 8kilz, 32kHz). The SQW/OUT pin is open
drain and requires an external pull-up resistor. SQW/OUT will operate with cither Viee or Vbat applied.

X1, X2 — Connections for a standard 32.768kHz quanz crystal. The intemal oscitlator circwilry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

For more information on crystal setection and crystal layoul considerations, please consult Application
Note 58, “Cryslal Considerations with Daltas Real-Time Clocks.” The DS1307 can also be driven by an
external 32.768kllz oscillator. In this configuration, the Xi pin is connccied Lo (he external oscillalor
signat and the X2 pin is floaled.

RECOMMENDED LAYOUT FOR CRYSTAL
RTC

Guad Ring
[connect to giound)

Jol 12
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CLOCK ACCURACY

The accuracy of the clock is dependenl upon the accuracy of the crystal and the acecuracy of the match
between the capacilive load of the oscillalor circuit and the capacitive load for which the erystal was
Irimmed. Additional emror will be added by erysta) frequency drifl caused by temperature shifis. External
circuit noise coupled into the oscillator circuit may result in the clock mnning fast. See Application Note
58, “Crystal Considerations with Dallas Real-Time Clocks™ for delailed information,

Please review Applicalion Note 95, “Interfacing the DS1307 with a 8051-Compatible Microconiroller”
for addilional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS]307 is shown in Figure 2. The RTC registets
arc located in address locations 00h 10 07h. The RAM registers are located in address locations 08h to
3Fh. During a mulli-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
around 1o location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2
oo

OTH CONTROL

3FH

CLOCK AND CALENDAR

The time and calendar information is oblained by reading the appropriate register bytes. The RTC
registers are illusirated in Figure 3, The time and calendar are set or initialized by wriling the appropriate
register bytes. The contents of the lime and calendar regisiers are in the BCD format. Bit 7 of regisler 0
is the clock halt (CH) bit. When this bit 1s sel to a 1, the oscillalor is disabled. When clcarcd (o a 0, the
oscillator is enabled.

Please note thal the initial power-on slate of all registers Is not defined. Therefore, it is imporiani
to enable the osciflator (C1 bit = 0) during initial configuration.

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-heur mode select bit. When high, the 12-hour mode is sclected. 1n 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-
23 hours).

On a 2-wire START, the current tlime is transferred (o a second set of registers.  The time information is

read from tliese secondary registers, while the clock may eentinue to run.  This climinales the nced to re-
read the registers in casc of an updale of the main registers during a read.

$of 12
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DS1307
DS1307 TIMEKEEPER REGISTERS Figure 3
(.0 I S N T A R
[ ] 9 SEQOHDS SECOMDE o581
L W MTES AOHUITES o038
L n—: 1018 HOURS ne
0 L] + DaTE DATE §E§“
[ 1 [ l"'}“ MONTH 012
W YEAR i YEAR 052
om | our I e ¢ lm t © ] RSt [ RS0
CONTROL REGISTER
The DS1307 control register is uscd 1o controd the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT I BIT 0
OouT 0 0 SQWE 0 0 RS\ RSO

OUT (Culput control): This bit controls the output level of the SQW/OUT pin when the square wave
output js disabled. 17 SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if

ouT=0.

SQWE (Square Wave Enable): This bii, when set 1o a logic I, will enable the oscillalor outpul. The
frequency of the squarc wave oulpul depends upon the value of (he RS0 and R8I bits. With the square

wave oulput set 10 1Hz, the clock registers updale on Ilie falling edge of the square wave.

RS (Rate Sclect): These bits control the frequency of the square wave oulpul when the square wave
oulput has been enabled. Table | lists the square wave (requencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RSI RS SQW GUTPUT FREQUENCY
0 0 IHz
0 1 4.096kHz
! 0 8.192kHz
1 1 32.768kllz

Sof 12
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2-WIRE SERIAL DATA BUS

The DS1307 supporis a bi-direclional, 2-wire bus and data transmission prolocal. A device thal sends
dala onlo the bus is defined as a (ransmitter and a device receiving data as a recciver. The device thal
conirols the message is called a master.  The devices that are controlled by the masler are referred (0 as
slaves, The bus must be controlied by a master device that generates the serial cleck (SCL), contrals the
bus access, and generates the START and STOP conditions. The DS1307 operales as a slave on the 2-
wire bus. A 1ypical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4
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Figures 5, 6, and 7 detail how data is ransferred on the 2-wire bus.

= Dala transfcr may be initiated only when the bus is nol busy.
= [hring data transfer, the dala line must remain stable whenever the clock Jine is HIGH. Changes in
the data line whilc the clock line is high will be interpreied as control signals.

Accordingly, the [ollowing bus conditions have been defined:
Bus not busy: Boih daa and clock lines remain HIGI.

Start data iransfer: A change in the state of the data line, from HIGH 10 LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the stale of the data line, from LOW (o [1IGH, while the clock line is
HIGH, dclines the STOP condition.

Dala valid: The state of the data line represents valid data when, afier a START condition, the dala line
is s1able 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 bt of data.

Each dala (ransfer is initiated wilh a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is nol limiled, and is determined
by the master device. The information is transferred byle-wise and each receiver acknowledges with a
ninth bit, Within the 2-wirc bus specifications a regular mode (100kHz clock rate) and a fast mode
{400k Hz clock rate) are defined. The DS1307 operares inthe regular mode (100kiz) only.

6ol 12
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Acknowledge: Each receiving deviee, when addressed, is obliged (o gencrate an acknowledge afler the
receplion of each byte. The master device must generale an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must puli down the SDA line during the acknowledge clock pulse in such a
way thal the SDA line is stable LOW during the IHIGH period of the acknowledge related elock pulse. OF
course, sclup and hold times must be 1aken into account. A master must signal an end of data Lo 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 mus! leave the dala Jine HIGH to enable the master 1o generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

.
ADDRESS i
b
Ot Om
=
SCICHE R O AN
SIGHAL FACA
=
sa ' 2 DR YWLWA 1 ) L]
. A
(1.
b= FEFEATED F
" wOoREEVIES A

Depending upon the stale of the R/ W bil, two types of dala transfer are possible:

I. Data transfer from a master transmitter to a slave recelver, The first byte transmined by the
master is the slave address. Next follows a pumber of data bytes. The slave relums an acknowledge
bit after each reccived byte. Data is transferred with the mosi signiftcant bit (MSB) first.

2. Data Iransfer from a slave fransmitter to a master receiver. The first bye (the slave address) is
transmilted by the master. The slave then relurns an acknowledge bil. This is followed by the slave
transmifling a number of daia bytes. The masier iums an acknowledge bit afiter all received bytes
other than the las| byte. At lthe end of the last received byte, a “not acknowledge” is relumed.

The master device generales all of 1he 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 aiso the beginning of the next serial transfer, 1he bus will not be released. Dala is transferred
with the most significant bit (MSB} firs1.

Tof ¥2
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The DS1307 may operate in the following 1wo modes:

I. Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. Afier cach byle is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial wransfer.  Address recognition is performed by
hardware after reception of the slave address and *dircction bit (See Figure 6). The address byte is
the first byte received afler the stan condilion is generaled by the master. The address byte contains
the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ w )} which, for a write,
i15a 0. After receiving and decoding the address byte the device oulputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the masier transmits a regisier
address to the DS1307 This will sel the register pointer on the DS1307. The master will then begin
ransmitling each byte of data with the DS1307 acknowledging each byte received. The master wil}
gencrale a slop condition 1o terminate the data write.

DATA WRITE — SLAVE RECEIVER MODE Figure 6
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2. Slave transmitter mode (DS1307 read mode): The first byte is reccived and handled as in the slave
receiver mode. 1lowever, in this mode, the *direction bit will indicale that the transfer direction is
reverscd. Serial data is transmitied on SDA by the DS1307 while the serial elock is input on SCL.
START and STOP condilions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byle received afler the stant condition is generated by the
masler.  The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the
*direction bit {R/ W) which, for a read, is a I, After receiving and decoding the address byte the
device inputs an acknewledge on the SDA line. The DS1307 then begins to transmil dala starting
wilh the regisier address pointed to by ihe register pointer. I the register pointer is not wrilten Lo
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a “not acknowledge™ 1o cnd a read.

DATA READ — SLAVE TRANSMITTER MODE Figure 7
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Yohage on Any Pin Relative 10 Ground

Storage Temperalure
Soldcring Temperature

05V 1o +7.0V
-55°C10 +125°C
260°C for 10 scconds DIP

See JPC/JEDEC Standard J-STD-020A for

Surface Mount Devices

* This is a siress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure lo absolute
maximum raling conditions for extended periods of time may affect reliability.

Range Temperature Yo
Commercial 0°C 10 +70°C 4.5V 10 5.5V Ve
Industrial -40°C 1o +85°C 4.5V 10 5.5V Ve

RECOMMENDED DC OPERATING CONDITIONS

Over the operaling range*
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Vollage Vee 4.5 5.0 5.5 v
Logic 1 Viy 2.2 Ve +0.3 Vv
Logic 0 Vi £.5 +0.8 v
Vpas Batlery Vollage Voar 20 3.5 v

*Unless otherwise specificd.
DC ELECTRICAL CHARACTERISTICS
(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Leakage (SCL) Iu | pA
1O Leakage (SDA & o 1 nA
SQW/OUT)
Logic 0 OQutpul (Ip, = 5mA) Voo 04 v
Active Supply Current lcca 1.5 maA 7
Standby Curreni lees 200 pA 1
Batlery Current (OSC ON); lpavt 300 500 nA 2
SQW/QUT OFF
Battery Curmrent (OSC ONY, lear 480 ROO nA
SQW/OUT ON (32kllz)
Power-Fail Vollage Vg P206x Vg | 125 x Viay | 1284 x Wiy v 8

*Unless otherwise specified.

9ol |2
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AC ELECTRICAL CHARACTERISTICS

(Over the operaling range”
PARAMETER SYMBOL | MIN | TYP | MAX [ UNITS | NOTES
SCL Clock Frequency ey, 0 100 kHz
Bus Free Time Between a STOP and taLr 47 ns
START Condition
lHoid Time (Repealed) START Condition HpsTa 4.0 ps 3
LOW Period ol SCL Clock liow 4.7 us
HIGI] Period of SCL Clock thion 4.0 Us
Set-up Time for a Repeated START sUSTA 4.7 ps
Cendilion
Data Hold Time IHppAT 0 ns 4,5
Data Set-up Time tsu.pAT 250 ns
Rise Time of Both SDA and SCL Signals ty 1000 ns
Fal! Time of Both SDA and SCL Signals tp oo ns
Set-up Time for STOP Condition Isusto 4.7 15
Capacitive Load for each Bus Line Ce 400 pF 6
Cio 10 pF
VO Capacitance (T, = 25%C)
Crystal Specified Load Capacilance 12.5 pF
(TA=25°C)

*Unless otherwise specified.

NOTES:

1. lgcs specified with Ve = 5.0V and SDA, SCL =5.0V,

V(c = 0\’, Va,\'[ =3V.

2
3. After this period, the first clock pulseis gencraled.
4, A device must internally provide a hold time of al least 300ns for the SDA signal (referred to the

Vinax of the SCL signal} in order to bridge the undefined region of the falling edge of SCL.

3. The maximum typ.par has only to be mel il the device does not sirelch the LOW period (\ow) of the

SCL signal.

6. Cp - Total capacitance of one bus line in pF.

ol

B.  Vprmeasured al Vgay = 1.0V,

leca— SCL clocking al max frequency = 100kHz.
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TIMING DIAGRAM Figure 8
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D51307Z 64 X 8 SERIAL REAL-TIME CLOCK
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