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AUTOMATIC WATER SPRAYING SYSTEM FOR COOLING AIR

CONDITIONER CONDENSER
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Abstract

This thesis presents application of a microcontroller to control water spray for cooling the
air conditioner condenser. The condenser usually uses the surrounding for cooling its heat
exchanger. Microcontroller reads a temperature from the temperature sensor (DS1820), and if the
temperature is greater than a setting point , the water is spraying for cooling down the
surrounding area and the air conditioner heat exchanger .The result of this project is the energy

saving on a some period of day time.
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¢ Microcontroller
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Data Types ¥iiavaatoyauaazilszian [¥humunitsanuiiuanaiedy was 19
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M99 2.1 nweuazveuwAYB ey AUAaz T2ION

Type Size(Bils) Range
bit 1 0,1
bool, Bool 8 0,1
char 8 -128 to 127
unsigned char 8 0lo 255
signed char 8 -128 to 127
nt 16 -32768 to 32767
unsigned int 16 0 to 65535
signed int 16 -32768 10 32767
long int 32 -2147483648 to 2147483647
unsigned long int 32 0 to 4294967295
signed long int 32 -2147483648 to 2147483647
float a2 +-1.175e-38 to -+/-3.402e38
double 32 +/~1.175¢-38 to +/-3.402¢38
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1310109 1d U aunaaay 154 1000U

I = o 0 @ w '
- duiludoyaiifu Long integer 151914 L aymdadiua 15w 991
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o o { o . . a T 1
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2.3.3 SEUVNAAINANVULDATA
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di 3 1 - =t ¥
134N 2.3 ﬂ']!,!»'H‘NQ‘U'ENﬂ111ﬂ3ﬂu1ﬂﬂ151‘ﬂﬂ’]u'ﬂﬂﬂ LCD Iﬂﬂﬂ

Pin Symbol Description Level Function
No.
1 VS8 Ground - ov Ground
2 VDD Power - +5v | defunsesirlshBn +sv
Supply
3 VO LCD Contr - - | defunssdudioliuanudivemsuanann
4 RS Register H/L RS = 0 muisdesmsfadai i samesmds
Select (Instruction Register)

G adey o

RS = | Huidoanisandeniismaeiaoua (Data

R

Regisler)

5 R/W Read/Writc H/L RAW = 0 ninwiadeentsidoudoyalilds Lep Tuga

R/W = 1 mnuilsdesnssudeyaon LeD uga

6 | E . Enable H,H->L .| Enable Signal : o
7-14 DB0-DB7 Data Bus H/L Data Bus Line
15 A Back Light A - BackLight +5V (fmifu3uiil Back Light)

16 K Back Light K - Back Light OV (d§U3unil Back Light)

]
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= =1 VoA l 9/ =Y .
- danuazEsaven hen1a 12 Tin (Resolution)
- Mo lumsimlasdeyadm$n Abc iy 750 msee @iadud) dwiudoya 12
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2) ﬂﬂ‘lﬂlﬁﬂﬂ‘l"iﬂ‘um VDD (External power supply) 7 Fivduntionl$iuunn

USING Vi, TO SUPPLY TEMPERATURE CONVERSION CURRENT Figuro 3
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TEMPERATURE | DIGITAL QUTPUT | DIGITAL

{(Bluary) OuTPUT
(Hex)
+85°C 0000 0101 0101 0000 0550h*
+125°C 0000 0000 1111 1010 00FAhL
+25.0°C 0000 0000 0011 0010 0032
40.5°C 0000 0000 0000 0001 0001h
0°C 0000 0000 0000 0000 0000h
-0.5°C LIL0 ERIT RIREBNDL FFFFh
-25.0°C 11t 1L 11001110 FFCEh
~55°C 1111 1111 1001 0010 FF921h

*The power on reset register value is +85°C
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f#tinclude <megal6.h>

Jf
#include <delay.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>

#include <stdio.h>

#define MAX_DEVICES 8

unsigned char devices=0;

unsigned char rom_codes[MAX DEVICES][9];
int femp_ds18B20 Buffl=0;

charled[20];

char Fagl Fag2;

int set=350;

eepromintsct_eep = 350,

#define SW UP PIND.6
#define SW_DOWN PIND.7
fidefine Relay PORTB.O

i

//'1 Wire Bus funciions

#asm
cqu__wl_port=0x1B ;PORTA
.equ_ wl bit=0

#endasm

#include <lwire.h>

// DS1820 Temperature Sensor functions

#include <ds1820.h>
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// Alphanumeric LCD Module functions
#Hasm

.equ__led port=0x15 ;PORTC
#endasm

#include <led.h>

#define RXBS |
#define TXBE 0
#define UPE 2
#define OVR 3
fidefine FE 4
#define UDRE 5

#define RXC 7

#define FRAMING ERROR (1<<FE)

#define PARITY ERROR (|<<UPE)

#define DATA_ OVERRUN (1<<OVR}

#define DATA REGISTER EMPTY (I<<UDRE)

#define RX_COMPLETE (1<<RXC)

/T USART Receiver buffer
#define RX_BUFFER_SIZE 8

charrx_buffer[RX BUFFER_SIZE];

#if RX BUFFER SIZE<256

unsigned char rx_wr _index,rx_rd index,rx_counter;
felse

unsignedinirx_wr_index,rx_rd index,rx_counter,

#endif

/ This Mag is sct on USART Receiver buffer overflow

bitrx_buffer overflow;



// USART Receiver interrupt service routine
interrupt [USART RXC] void usart_rx_isr(void)
{
charstatus,data;
status=UCSRA,;
data=UDR,;
if ((stafus & (FRAMING ERROR | PARITY _ERROR | DATA OVERRUN))=0)
{
rx_buffet[rx wr index]=data;
if (++rx_wr_index = RX_BUFFER_SIZE) rx_wr index=0;
if (+rx_counter = RX_BUFFER_SIZE)
{
x_counter=0;
rx_buffer_overflow=1;
|5
1B

#ifndef DEBUG_TERMINAL 10

// Get a character from the USART Receiver buffer
#define _ ALTERNATE GETCLHAR

#ipragma uscd

chargetchar{void}

{

char data;

while (rx_counter—0y};

data=rx_buffer[rx rd-index]; -

if (% _rd_index =RX_BUFFER_SIZE) rx rd index=0;
#asm("cli")

--rX_counter;

fasm("sei")

return data;
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}

#pragma used-

flendif

// USART Transmilter buffer
#deline TX_BUFFER_SIZE 8

chartx_buffer[TX BUFFER_SIZE];

#if TX_BUFFER_SIZE<256

unsigned char 1x_wr_index,(x_rd_index,ix counter;
felse
unsignedin(fx_wr_index,tx_rd_index,tx_counter;

#endit

# USART Transmilter interrupt service routine
interrupt [USART TXC] void usart_tx_isr(void)
t
if (tx_counter)
{
--tX_countcr;
UDR=tx buffer[ix rd index];
if (++x_rd_index = TX BUFFER_SIZE) tx_rd index=0;

|5

#ifndef DEBUG TERMINAL [0
/f Write a character 1o the USART Transmilter buffer
#define_ ALTERNATE_PUTCHAR _

#pragma used-+

voidputchar(char c)

{

while (ix_counter == TX _BUFFER_SIZE);
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#Hasm("cli")

if (x_counter || ((UCSRA & DATA REGISTER _EMPTY)==0}))
{

tx_buffer[ix_wr indexl=c;

if (++tx_wr_index = TX BUFFER_SIZE) x_wr_index=0;
++Hix_counter;
}

else
UDR=¢;

#rasm("sei")

}

#pragma uscd-

Hendif

/ Standard Input/Oulput finclions

#include <stdio.h>

// Declare your global variables here

/ Timer 0 overflow interrupt service rouline
interrupt [TIMO_OVF] void timer0_ovf isr(void)
{

/f Place your code here

1
H =1- & A =y 1o
ilSW_UP)  Fagl=1; :IL demanmeFuduvesaing lauld Sw_up il
ifSW_DOWN) Fag2=1; Fagl=1 1Az SW_DOWN ¥11f1iJ Fag2-1
B ¥ a ) '

iiinsnaaing sw_UP Tagridaena
iISW UP) . o , -

M5 10 mslasdiGeu ladigumgl

{ ) ,
> A aiound 100%% Fagl=1 uaziiie

delay ms(10); , - e

Uanondnd sW_UP sznlfvuih Fagl=o
iNISW UP && set<1000 && Fagl — 1) ' o4 .

sgampiiozidniiv 0.5 osruraios 10

{ J

= o [JR! B}n:;
wunazinua 13 eep
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set+=5;
set_eep = sel;
Fagl =0;
}
lelse i{ISW_DOWN) ™

{

Hiimsnaaing sw DOWNIAgHI

A1 10 ms 1asdiden

delay_ms(10); o  od
UM HULADAINNI 07 Fag2=1

if('SW DOWN && set>0 && Fag2 == 1) > P -
waziionouaIng SW_DOWN og
{ .
wfioilu Fag2-0 fgamgiiszanas
set =25; ” = g vy
0.5 paFnwaEed 11n@EULaEnTA 1
sel_eep = scf; )
) ¥i eep
Fag2=0;
}
)
I
}

void main(void)

{

/f Declare your local variables here

A Input/Onitput Porls initialization
// Port A initialization
// Func7=In Func6=In Func5=In Funcd=In Func3=In Func2=In Funcl=In Func0=In
/f Slate7=T StateG=T State5=T Stated=T State3=T Statc2=T State1=T Stale(=T
-PORTA=0x00; - . - : . - - -

DDRA=0x00,

/f Port B initialization
/ Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In Func0=0Out

/f State7=T State6=T State5=T Stated=T State3=T Stale2=T State1=T State0=0
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PORTB=0x00;

DDRB=0x01;

{1 Port C initializalion

// Func?=In Func6=In Fune5=In Func4=In Funci=In Func2=In Funci=In FuncO=In
// State7=T State6=T State5=T Staled=T State3=T State2=T State1=T State0=T
PORTC=0x00,

DDRC=0x00;

/ Porl D initialization

/ Fune7=In Func6=In Func3=In Func4=In Func3=In Func2=In Funcl=In Funcd=In
/ Slate?=T State6=T Stale5=T Stated=T State3=T State2=T Statel=T Stale0=T
PORTD=0xC0;

DDRD=0x00;

/f Timer/Counter 0 initialization
i Clock source: System Clock
M Clock value: 10.800 kilz

/ Mode: Normal fop=FFh

/1 OCO oulput: Disconnected
TCCRO=0x05;

TCNT0=0x00,

OCRO=0x00;

/ Timer/Counter 1 initialization

/ Clock source: Syslem Clock

/f Clock value: Timer | Stopped ] . o
/ Mode: Normal top=FFFFh

/f OCLA output: Discon.

// OCI1B output: Discon,

/f Noise Canceler: OIf

/ Tnput Capture on Falling Edge



/f Timer 1 Overflow Interrupl: Off
// Input Capture Interrupt: Off

#/ Compare A Match Inlerrupt: Off
/f Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCRI1B=0x00;

TCNTIH=0x00,

TCNTIL=0x00;

ICR1H=0x00;

ICR 1L=0x00;

OCR1AH=0x00;

OCRIAL=0x00;

OCRIBH=0x00;

OCRIBL=0x00;

/ Timer/Counter 2 initialization
/f Clock source: System Clock
/f Clock value: Timer 2 Stopped
# Mode: Normal top=FFh

/1 OC2 outpul: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupi(s) initialization
A INTO: Off — -
HINT1: Off

HINT2: Off

MCUCR=0x00;

MCUCSR=0x00;
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// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x01;

/I USART initialization

/f Communication Parameters: 8 Data, 1 Stop, No Parity
/I USART Receiver: On

/ USART Transmitter: On

/f USART Mode: Asynchronous

// USART Baud rate: 9600

UCSRA=0x00,

UCSRB=0xDg;

UCSRC=0x86;

UBRRH=0x00;

UBRRL=0x47;

# Analog Comparator initialization

/f Analog Comparator: Off

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

SFIOR=0x00;

/1 Wire Bus initialization

wl init();

/1 LCD module initiaiization

led init(16),

/f Global enable interrupts
#asm("sei")

led clear();

fed _gotoxy(0,0);

sprinfi{led," Temp Control "};
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led_puts(led);

led gotoxy(0,1);
sprintf{lcd,” "%
led puts(led);
delay_ms(1000);

set = set_cep;

while (1)
{

/I Place your code here

I E— —

X:devices=w1 scarch(0xf0,rom codes); / IN1560 ds1820 (i 1 A2

fio1ns 1% psis20i
Hlemp_ds18B20_Buffl=ds18b20_temperature(&rom_codes[0][0]);

90 HELP 1949 1)sunga
temp_dsi18B20_Buffl=ds1820 temperature 10(&rom_codes[0][0]);
iftemp_ds18B20_Buffl < 0) golo X; /61 DS1820 euepamgiinieondt o Indnluswinif x

led_gotoxy(0,0); /1Hussviai 1 veweadudasmigumgilaie (Temp )

sprintfled,” Temp ===> %21.%iC" temp_ds18B20_Buff1/10,icmp_ds18B20 Bulf1%10);
led_puls(led); //ﬁmuﬂ'lﬁ'l,Lﬁﬂuﬂui‘hmmﬁuﬁumwﬁuu
led_gotoxy(0,1); //1¥us59inf 2ueweadaudnmguygifidali( seT)
sprin{f{led,” SET =—> %2i,%iC" set/10,set%]10);

3 9 ] o g w = Ao 1 =
led_puts{led); /Amualduaautlusninsduiuganaiioufeduannonaiag

/idelay_ms{100);

ifltemp_ds18B20 Buffl >=set) Relay = I; duihs lmudon Tvida 1y >= 92v 1A remy

else Relay =0, o uazdlisgds Reray AT
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Features

* High-performance, Low-power AYR®8-bit Mlcrocontroller

* Advanced RISC Architecture
- 131 Powerlul [nslructlons — Most Single-clock Cycle Executlon
- 32 x 8 General Purposse Working Reglsters
~ Fully Stall¢ Operation _@
~ Up 1o 16 MIPS Throughput at 16 MHz
~ On-chlp 2-cycle Mulllpiler

* High Endurance Non-volallla Memory segments

~ 16K Bytes of In-System Self-programmable Fiash program memory . ®

- 512 Bytes EEFROM 8-bit AVR

— 1K Byle Internal SAAM .

- Wilte/Erase Gycles: 10,000 Flash/100,000 EEPROM Microcontroller

- Data retentlon: 20 years at 85°C/100 years at 25°C N

- Opltonat Boot Coda Saectlon with Independent Lock Bits with 16K Bytes
+ In-System Pregramming by On-chip Boot Program
» True Aead-While-Wilte Operation In-System

— Programming Lock for Software Securlly

+ JTAG ({EEE sid. 1149.1 Compliani) Interface Programmable

- Boundary-scan Capabllities According to the JTAG Slandard
~ Extenalve On-chip Debug Support .
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
s Petpheral Fealures
- Two 8-bit Timer/Counters with Separate Prescalera and Compare Modes
~ One 16-blt Timer/Counter with Separate Prescaler, Compare Mods, and Capture ATmega1 6A
Modde
~ Real Time Counter wilh Separale Osclliator
- Four PWM Channels
~ B-thannel, 10-bli ADC
+ 8 Single-ended Channels S u mmal‘y
+ 7 Differential Channels In TQFP Package Only
*+ 2 Differential Channels with Programmabla Galn at (x, 10x, or 200x
- Byle-orlented Two-wira Serlal Inlerface
- Programmable Serlal USART
- MasterfSlave SP) Serlal Interfage
-~ Programmable Walchdog Timer with Separate On-chip Osclllalor
- On-chlp Analog Comparator
» Speclal Microcontroller Fealures
— Power-on Reset and Programimable Brown-out Detectlon
- Internal Callbrated RC Oscillator
— External and Internat Interrupt Sources
- 5lx Sleep Modes: Idle, ADC Nolse Reduclion, Powser-save, Power-down, Standby
and Extended Stiandby
s /O and Packages
- 32 Programmable VO Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFNMLF
= Operating Voltages
— 2.7 - 5.6V for ATmegal6A
* Speed Grades
— 0+ 16 MHz for ATmegai6A
* Power Consumpticn @ 1 MHz, 3V, and 25°C {or ATmegal6A
- Active: 0.6 mA
- Idle Mode: 0.2 mA
— Power-down Mode: < 1HA

Flash

B154B5-AVR-0709
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AT Mega16A

1. Pin Configurations

Flgure 1-1.  Plnout ATmegai6A

815485-AYR-0709

FOIP
[ A ]
(XCKITO) PBO ] 1 40 [ PAO (ADCOD)
(TIy PB1 [{ 2 39 {3 PAI {ADCH)
(INT2/AINO) PB2 ] a 38 [1 PA2 (ADC2)
(OCO/AINTY PB3 ] 4 37 O PA3 (ADC3)
&S) PB4 5 36 O PA4 (ADCA)
(MOS1) PB5 [ & 35 [0 PAS (ADCH)
(MiSC) PBG O 7 34 0 PAG {ADCS)
(SCK) PB? O} 8 33 [0 PAT {ADCT)
RESET ] 8 32 O AREF
vCC O 10 31 O GND
GND ] i1 30 [ AVGC
XTAL2 ] 52 29 0 PCT (TOSC2)
XTALI ] 13 28 [0 PC6 (TOSCH)
(RXD) POO ] 14 27 [ PCS [TDI
(TX0) PO1 ] 15 26 O PC4 (TDO)
{INTO) PD2 ] 18 25 O PCY (TMS)
{(INTY) PD3 o 17 24 [0 PC2 {TCK)
(CCIB) PD4 ] 18 23 b PC1 {SDA)
[OCIA) PD5 ] 19 22 O PCB {5CL)
{KCP1) PD6 O] 20 21 p PDT {OC2)
TQFPQFNMLF
B —_
§g E sgan
~52
g2ied 9458
- -
3BE5E582877

® 44,42, 40, 38, 36,34
(Mosn Pas o] 1 33 O
Mmsg)pBg [z r—-—-—-——- sz g
{SCK) POT ] 3 : : 31 R
RESET {4 | LN
vee os TN =]
GND & | 28 b
XTM2 o7 127 |
XTALL )& ¢ 1 28 b
(RXD} PDO ]9 ! 128 3
(TXD) PDE Cj 10 Ly J2ap
{INTO) PD2 {41 13 o
12314 516" 8! %202 122
[BjSjepagnangnangningn;
o w0 ~ L= Ry |
N eéeue?éggagi‘
Botompadshould ~ SEZLH 4228
o sokdred to ground. ggg&g S_gg%

ANaQNnNnnoan

ATMEL

PAY (ADCA)
PAS (ADCS}
PAG (ADCE}
PAT (ADG7}
AREF

GND

AvVCC

PCT (TOSC2)
PCE (TOSGH)
PC5 (TON)
PC4 (TDO)
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————— A T Megat6A

2. Overview

B154BS-AVR-0709

The ATmega16A Is a low-power CMOS 8-bll microcontroller based on Ihe AVR enhanced RISC
archileclure. By execuling powerlul instructions In a single clock cycle, the ATmegal6A
achleves throughputs approeaching t MIPS per MHz allowing ihe system designer to optimize
power consumptlon versus processing speed.
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ATmegai6A

X1ALY H,
=
i

- RESET

2.1 Block Diagram
Flgure 2-1.  Block Dlagram
PAD - PAT PCOPCT
vee
Y4 I
J:— PORTA DRVERSBUFFERS | I POMTC DAVERS BUFFEAS |
GHD I PORTA DIGITAL INTERFACE | I POATC DIGITAL NTERFACE I
AVCC < 1 T0 >
|< | | ADC
MAUS(C& WNTERFACE I‘_' ‘_‘l v I
I
AREF 7
A
.lpmon.\u I STACK Ih_. og:,",-,'f&l-—»lowunonl—‘_
COUNTER POINTER
T |
: :
PROGRAM M INTERANAL
‘L FLASH l :l i |“' |osc:mron
| I
)
WSTRUCTION WAICHDOG
RECISTER | nERAL ‘_'l TIMEA Iusmu'roa
REGLSTERS
X
Y MOU GTF.
A TN
z
INTERIURT JRTERRAL
LINES ALY wHIr ke
i
AVA CPUY P |$.. ._.I — l
ity sM ‘—,i_us\m |
e s T
MNTERFACE
A e N
§ : j J/
' PORTE DIQITAL INTERFACE I I POATO DAGITAL INTERFACE I
L PORTE DRIYERSDUFFERS | l POATO DAVERS DUFFERS I
30 - pay PO0-FO7
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A TMega16A

8154B5-AVR-07:09

The AVR core combines a rich instruction sel with 32 general purpose working reglslers. All the
32 reglsters are directly connected to the Arithmetic Logic Unll (ALU), allowing two independent
registers 1o be accessed in one single Instruction execuled In one clock cycle. The resulting
architecture Is more code efficlent while achleving throughputs up fo ten fimes faster than con-
venllonal C1SC microcentrollers.

The ATmega16A provides the {ollowing features: 16K bytes of In-Syslem Programmable Flash
Program memory with Read-Whllo-Write capabillllies, 512 byles EEPROM, 1K byle SRAM, 32
general purpose 1/O lings, 32 general purpose working registers, a JTAG Inlerface for Boundary-
scan, On-chip Debuggling support and programming, three ltexible Timer/Gounters with com-
pare modes, Internal and Extarnal Interrupls, a serlal programmable USART, a byte criented
Two-wlre Serial Inlerface, an 8-channel, 10-bil ADC wiih opilonal differential Input stage wilh
programmable galn (TQFP package only), & programmable Walchdag Timer with Internal Oscll-
lator, an SPI serlal port, and six sofiware selectable power saving modes. Tha Idle mode stops
lhe CPU while allowing the USART, Two-wlre Inlerface, A/D Converler, SRAM, Timer/Counters,
SPI perl, and Interrupt system {o conlinue [unctioning. The Power-down mode saves lha register
conlenls bul ireezes the Osclllator, disabling all other chip functions unill the next External Inter-
rupl or Hardware Reset. In Power-save mede, the Asynchronous Timer conlinues lo run,
allowing the user to malntaln a ilmer base while the resl of the device Is slesping. The ADC
Nelse Reduction mode stops the CPU and all VO modules excepl Asynchronous Timer and
ADC, {o minimlze swilching nolse duilng ADC converstons. In Standby mode, lha crystalreso-
nator Osclilator Is running while the resl of Ihe device s sleeping. This allows very tast starl-up
comblinad with low-power cansumplion. In Extended Standby mode, both the maln Osclirator
and tha Asynchronous Timer continue to run,

The devlce Is manutactured using Atmel's high denslly nonvolallle memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed In-system Ihrough an SPI serlal
Intertace, by a conventlonal nenvolatile mamery programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any Inferface to download the application
program In lhe Application Flash memory. Software In the Boot Flash sectlon will continue to run
while the Application Flash secllon is updaled, providing true Read-While-Wrlle operation. By
combining an 8-bit RISC CPU with In-System Sell-Programmaile Flash on a monolllhic chip,
lhe Atmel ATmegal6A is a powerlul mlcrocentroller ihat provides a highly-flexibla and cost-
alfactlve solullon 1o many embedded control applications.

The ATmegai8A AVR Is supported wllh a full sulle of program and system development tools
Including: G compilers, macro assemblers, program debugger/simulators, In-clrcull emulators,
and avalualion Kits.

ATMEL s
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2,2

221

2.2.2

223

2.2.4

2.2.5

2,286
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Pin Desctlptions

VGC

GND

Digltal supply voltage.

Ground.

Port A (PA7:PAG)

Port A serves as lhe analog Inputs to Ihe A/D Converter.

Port A also serves as an 8-bil bl-direcllonal /O port, if Ihe A/D Converter Is nol used. Port pins
can provide Inlernal puil-up resistors (selected for each bil). The Porl A output bufiers have sym-
moelrical drive characleristics wilh both high sink and source capabllity. When plns PAQ to PA7
ars used as Inputs and are axternally pulted low, thay will source current If the Inlernal pull-up
resislors are activated. The Porl A pins are tri-siated when a reset condltion becomes aclive,
aven il the clock Is not running.

Port B (PB7:PB0)

Porl 8 s an 8-bit bl-directional VO port with Internal pull-up resisters (selecled for each bit). The
Paort B oulpul bulters have symmelrlcal drive characterislics wilth both high sink and source
capabllity. As inpuls, Port B plns that are exiemally pulled low wlll source current If the pull-up
resislors are aclivated. The Port B pins are trl-stated when a resal condltion becomes active,
aven il the clock Is not running.

Port B also serves the funclions of varlous spaclal {eatures of the ATmega16A as listed on page
57,

Port C (PC7:PCQ)

Port C Is an 8-bit bl-dlrectional YO port with Internal pull-up reslstors (selactad for each bit). The
Port G oulput bulfers have symmetrical drlve characterlsiics wilh belh high sink and source
capabllity. As Inputs, Port G pins that are externally pulted low will source current If the pull-up
resistars are acllvated. The Port C pins are trl-staled when a reset condition becomes active,
even [f Ihe clock Is not running. Il the JTAG Interface |s gnabled, the pull-up resistors on pins
PCS(TDI}, PC3(TMS) and PC2{TCK) wlill be aclivated even Il a reset occurs.

Part G also serves the funcilons of lhe JTAG Interlaca and other speclal features of the
ATmega16A as listed on page 60.

Porl D (PD7:PDO)

81B485-AVR-07T02

Port D Is an 8-bit bi-dlreclional YO port with Internal pull-up resisiors (selected for aach bil). The
Port D oulput bullers have symmetrical diive characterlslics with boih high sink and source
capabllity. As Inputs, Porl D pins thal are externally pulled low will source current If the pult-up
resistors are acilvated. The Port D pins are lrl-stated when a resel condition becomes active,
even If the clock Is not running.

Port D aiso serves the functlons of varlous speclal leatures of the ATmega16A as listed on page
62.

ATMEL 6
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A T e ga16A

22,7 RESET
Reset Input. A low level on this pin for longer than the minimum pulse lenglh wilt generale a
resel, even Il the clock Is not running. The minimum pulse lenglh Is glven In Table 27-2 on page
296. Shorter pulses are nol guaranteed to generale a resel.

2.2.8 XTAL1
Input to the inverling Osclilator amplifier and Input to the Internal clock operaling clrcuit.

229 XTAL2
Oulpul from the Inverling Osclitator ampliiter.

2210 AVCC
AVCCG Is the supply vollage pin for Port A and the A/D Converter, It should be externally con-
nectad o Vqq, even i the ADC Is not used. If the ADG Is used, It should be cennected lo V.
through a tow-pass filter.

2211  AREF

AREF |5 the analog raference pin for the A/D Converter.

3. Resources

A comprehensive sel ol development tools, application notes and dalasheats are avallabla for
download on hMip:/fwww.atmel.com/avr.

4. Data Retention

Rellabllity Qualilicalion results show that the projected data retentlon fallure rate Is much less
lhan 1 PPM over 20 years at 85°C or 100 years al 26°C.

ATMEL v
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e A TMega16A

7. Ordering Information

Speed (MHz) Powar Supply Ordering Code Packago Operatlon Range
ATmagal6A-AUi 44A
N BT e e aro (4G 1 85°C)
ATmegal6A-MU™" 44M1

Note: 1. Pb-lres packaging complles lo the European Directive for Reslriction of Hazardous Substances (RoHS directive). Also
Hallde Iree and fully Green.

Packaga Type
44A 44.lead, Thin (1.0 mm) Plastic Gult Wing Quad Flat Package {TQFP)
40P6 40-pln, 0.600" Wida, Plastic Dual Inline Package {PDIP)
44M1 44-pad, 7 x 7 x 1.0 mm body, iead pitch 0.60 mm, Quad Flat No-Lead/Micro Lead Frame Package {QFN/MLF)
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L

|<— E ——-I
COMMOCH DIMENSHONS
o~ 15° REF {Unit of Meastire = rmm}
. A =2
SYMBOL| MIN HOM MAX | HOTE

I-q— ob —-—| A - - 4.826
Al 0.381 - -
52070 - 62578 | Nole 2
E 15240 - 15.875
Ei 13,462 - 13.970 | Nole 2
B 0,258 - 0.859
Noles: 1. This package conforms lo JEDEG relerenca MS-011, Variation AC, 8 _lhoi/l/ 7 | 1881
2, Dimensiona D and E1 do nol indude motd Flash or Prolrusion. L 3.048 - 3.658
Mold Flash or Prolrusion shafl nol exceed 0.25 mm (0.010%. c v203 3 0.381
eB 16.494 - 17.628
] 2540 TYP
G9/28201
2225 Orct TITLE DRAWING NO. [REV.
rchard Parkway .
40P6, 40-lead (0.600'/15.24 mm Wide) Plaslic Dual
San Jose, CA 95131 Inline Pﬂmgg((pmp) ) 40Pe B
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DS1820

DALLAS

SEMICONDUCTOR

DS1820
1-Wire™ Digital Thermometer

FEATURES

« Unique 1-Wire™interface requires onty one port pin
for communicalion

+ Multidrop capability simplifies distributed temperature
sansing applicalions

* Requires no exlemal components
® Can be powered from data line
* Zaro standby power required

¢ Measures temparatures from -55°C to +125°C in
0.5°C increments. fahrenheit equivalent is -67°F lo
+257°F in 0.9°F increments

* Temperalture is read as a 9-bit digital value.
* Converts lemperature o digital word in 200 ms {typ.)

* User-definable, nonvolatile temperature alarm set-
lings

¢ Alarm search command identifies and addresses
devices whose temperalure is oulside of pro-
grammed limits {temperature alarm condition)

¢ Applications include thermostatic controls, induslrial
systems, consumer products, lhermometers, or any
lhermeily sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the lemperature of the
device,

Information is sent to/from the DS1820 ovar a 1-Wire
interface, sothatonlyone wire {and ground) needstoba
connected from a central microprocessor to a DS1820.
Power for reading, wrting, and performing temperature
conversions can be derived from the data line ilself with
no nead for an external power source.

PIN ASSIGNMENT

DALLAS
D5 1820

BOTTOM VIEW

N =1 16— NC
NC— 2 15—/ NC
NC 3 14F= NC
NC — 4 13/ KC
NG5 12— Ke
J NG =] t?i 1ne/ Ng
o v 10 N
288 pa=— 8 9 = enp
9
051620 18208
B sud i S
ea . Dl S ed Mech,
Sacton cm:cfwm's
PIN DESCRIPTION
GND - Ground
DQ — Data InfOut
Voo — Oplional Vpp
NC — No Connecl

Because each D51820 contains a unique silicon serial
number, mulliple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental conlrols,
sensing temperalures inside buildings, equipment or
machinery, and in process monitoring and conlrol.
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DETAILED PIN DESCRIPTION

PIN PIN
16-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/Qutput pin. For 1-Wire operalion: Open drain. (See
“Parasita Power” section.)
7 3 Voo Optienal Vpp pin. See “Parasite Power™ section for details of
conneclion,

DS1820S (16-pin SSOP). All pins not specified in this table are not lo be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperalure
sensor, and 3) nonvolatile temperalure alarm triggers
TH and TL. The device derives its power [rom the
1-Wire communication line by storing energy on an
inlernal capacilor during periods of time when lhe signal
line is high and continues to operate off this power
source during the low limes of the 1-Wire line until it
returns high to replenish the parasite {capacitor) supply.
As an alternative, the DS1820 may also be powered
from an exiernal 5 volis supply.

Communicaliontothe DS1820is vina 1-Wire port. With
the 1-Wire port, the memaory and control functions will
nol be available before the ROM [unclion protocol has
been gstablished. The masler must first provide one of
five ROM function commands: 1) Read ROM, 2) Malch
ROM, 3) Search ROM, 4) Skip ROM, or 5} Alarm
Search. These commands operate on the &4-bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

Da 64-8IT ROM
AND
1-WIRE PORT

INTERNAL Viyp

=

Voo 4t—@—

POWER
SUPPLY
SENSE

1, MEMORY AND
CONTROL LOGIC
——%|  TEMPERATURE SENSOR
SCRATCHPAD
- HIGH TEMPERATURE
TRIGGER, TH
L LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR

a speacific device if many are present on lhe 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. Aiter a ROM function
sequence has besnsuccessiully executed, the memory
and confrof funclions are accessible and the master
may then provide any one of the six memory and controt
funclion commands.

Qns control funclion command instructs the DS1820 to
perform a temperature measurement. The resull of this
measurement wilt be placed in the DS1820's scratch-
pad memory, and may be read by issuing a memaory
function command which reads the contents of lhe
scralchpad memory. The temperature alarm triggers
TH and TL consist of one byle EEPROM each. If the
alarm soarch command is nol applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function commend. Read access to lhese registers is
lhrough the scralchpad. All data is read and written
least significant bit first.
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry "steals” power whenever the
IO orVpp pins are high. VO will provide sufficient power
as long as the specified timing and voltage require-
menis are met {see the section titled "1-Wire Bus Sys-
tem®). The advanlages of parasite power are two-fold:
1) by parasiling off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
lemperalure conversions, sufficient power must be pro-
videdoverthe l/Olinewhen a temperature conversion is
taking place. Since the operaling cuirent of the DS 1820
is up to 1 mA, the NQ line will not have sufficient drive
due to the 5K pull-up resisior. This problem is parlicu-
larly acule if several DS1820's are on Lhe same /O and
atlempting to convert simullaneously.

There are two ways toassure that the DS 1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the IfO line
whenever temperalure conversions or copies fo the E2
memery are taking place. This may be accomplished by
usinga MOSFET lopull the /O line directly to the power
supply as shown in Figure 2. The I/Q line nmuslt be
swilched over to the strong pull-up within 10 ps maxi-
mum after issuing any protoco! that involves copying to
the E2 memory or infliates temperalure conversions.
When using the parasile powsr mode, the Vpp pin must
be tied o ground.

Another method of supplying current lo lhe DS1820 is
through the use of an extemnal power supply lied lo the

Vpp pin, as shown in Figure 3. The advantage to this is
thathe slrong pull-up s notrequired onthe O line, and
the bus master need not be lied up holding that fine high
during lemperalure conversions. This allows other data
lraffic on the 1-Wire bus during the conversion time. In
addition, any number of DS1820's may be placed on the
1-Wire bus, and if they all use exlemal power, they may
all simulleneously perform temperalure conversions by
issuing the Skip ROM command and then issuing lhe
Convert T command. Note thal as long as lhe external
power supply is aclive, the GND pin may not be floating.

The use of parasile power is not recommended above
100°C, since it may not be able to sustain communica-
lions given the higher leakage currents the DS1820
oxhibits al lhese lemperatures. For applications in
which such temperalures are [ikely, it is strongly recom-
manded that Vpp be applied to the DS1820.

For situations where the bus master does not know
whetherihe DS1820's on the bus are parasite powered
or supplied wilh external Vpp, a provision is madein the
051820 (o signal the power supply schame used. The
bus master can determine if any DS1820's are on the
bus which require the slrong pull-up by sending a Skip
ROM protocol, thenrissuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0°
on the 1-Wire bus il it is parasite powered:; it will send
back a *1"ililis powsered from the Vpp pin. Ifthe master
receives a “0° it knows hat it must supply the strong
pull-up en the IfO line during lemperature conversions.
See "Memory Command Functions™ seclion for more
detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING D$1820 DURING TEMPERATURE CONVERSION Figure 2

+5Y

D51820

+5Y

47K
uP

em% %7 Yoo

1o
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Flgure 3

TO OTHER 1-WIRE

5
47K

nP —®

DEVICES
Dsig20

£ V
ro —P————() EXTERNAL +5V SUPPLY

CPERATION ~ MEASURING TEMPERATURE
The D51820 measures temperalure through the use of
an on-board proprielary temperalure measurement
technique. A block diagram of the temperalure mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting lhe
number of clock cycles thal an oscillator wilh a low tem-
perature coefficient goes through during a gate period
delermined by a high temperature coefficisnl oscillator.
The counter is preset with a bass count that coma-
sponds to-55°C. If the counter reaches zero before the
gate period {s over, the temperature register, which is
also preset to the —55°C value, is incremented, indicat-
ing that lhe temperalura is higher than -55°C.

Atthe same lime, 1he counter is then presel with a value
determined by the slope accumulator circuitry. This cir-
cuilry is needed to compensate for lhe parabolic behav-
jor of lhe oscillators over iemperature. The counler is
then clacked again until it reaches zero. If the gale
period is slill not finished, lhen Lhis process repaals.

The slope accumulator is used lo compensate for the
non-tinear behavior of the oscillators over lemperature,
yielding a high resclulion temperature measurement.
This is dene by changing the number of counts neces-
sary for the counter to go through for each incrementat
degreeintemperature. To oblain the desired resclution,
therefore, both the value of lhe counter and the number
of counts per degree C (the value of tha slope accumu-
later) at a given temperature must be known.

Intemnally, this calculalion is done inside the DS1820 to
provide .5°C resolulion. The lemperature reading is

provided in a 16-bit, sign—exiended two's complement
reading. Teble 1 describes lhe exact relationship of oul-
put data to imeasured lemperalure. The data is trans-
mitled serially over the 1-Wire interface. The DS1820
can measure lemperalure over lhe range of -55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
Joakup lable or conversion facter must be used.

Note that temperalure is represented in the DS1820in
terms of a '/,°C LS8, yielding Ihe following 8-bit format:

MSB LS8
Lol Lefefofofe ool

= -25°C

The most significant {sign) bt is duplicated into all of the
bits in the upper MSB of ihe two—byle temperature reg-
islerin memory. This “sign-extension® yields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may he oblained by the following
procedure. First, read (he temperature, and truncate
the ¢.5°C bit{the LSB) from ihe read value. This value is
TEMP_READ. The valus leftin Lhe counter may lhen be
read. This wvalue is the count remaining
{COUNT_REMAIN) after Iha gate period has ceased.
The last value needed is the number of counts per
degres C (COUNT_PER_C) at that temperature. The
aclual temperature may be lhen ba calculated by the
user using the following:

(COUNT_PER_C - COUNT_REMAIN)

TEMPERATURE = TEMP_READ - 0.25 + GOUNT_FER C
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DS1620
TEMPERATURE MEASURING CIRCUITRY Figure 4
SLOPE ACCUMULATOR
PRESET COMPARE
SET/CLEAR
LOW TEMPERATURE PRESET Bk
COEFFICIENT GSCILLATOR > COUNTER
i INC
=0 > TEMPERATURE REGISTER
[
HIGH TEMPERATURE -
COEFFICIENT OSCILLATOR COUNTER
o |stor

TEMPERATUREIDATA RELATIONSHIPS Table 1

DIGITAL CUTPUT DIGITAL OUTPUT

TEMPERATURE {Binary) (Hex)
+125°C 00000000 11111010 00FA
+26°C 00000000 00110010 0032h
+1°C 00000400 00000001 0001h
+0°C 00000000 00000000 0000h
~heC M A1 FFFFh
-25°C 11111111 11001410 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION - ALARM SIGNALING

Afterthe DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL direclly comesponds lo
the sign bit of the 16-bit temperalure register. If the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside lhe device is set.

This {lag is updated with every lemperature measure-
ment. As long as the alarm flag is sel, the DS 1820 will
respond to the alarm search command. This allows
many D51820s to be connected in parallel doing sintul-
taneoustemperalure measurements. i somewhereihe
temperature exceeds the limils, the alarming davice(s)
canbeidenlified and read immediately without having {o
read non—alarming devices.
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64-BIT LASERED ROM

Each D51820 conlains a unique ROM code that is
64-bils long. The first eight bils are a 1-Wire family
code {DS1820 code is 10h). The next 48 bits are a
unigue serial number. The last eight bils are a CRC of
the first 56 bils. {See Figure 5.) The 64-bit ROM and
RGCM Funclion Conlrol seclion allow the DS1820 to
operate as & 1-Wire device and follow the 1-Wire proto-
col detailed in the seclion “1-Wire Bus Syslem”. The
functions requirad 1o control seclions of the DS 1820 are
nolaccessible until the ROM function protocol has bean
salished. This protocolis described in the ROM function
protocol flowchart (Figure 6). The 1-Wire bus master
must first provide ona of fivea ROM function commands:
1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip
ROM, or 5) Alarm Search. Afler a ROM funclions
sequence has been successfully executed, the func-
tions specilic lo the DS 1820 are accassible and the bus
master may then provide and one of the six memory and
control function commands.

CRC GENERATION

The DS1820 has an 8-bit CRC slored in the most signif-
icant byte of the 64-bit ROM. The bus master can com-
pute a CRC value from the first 56-bils of the 64-bit
ROM and compare il to the value stored within the
DS1820 lo determine if the ROM data has been
received error-free by the bus master. The equivalent
polynomial funciion of this CRC is:

CRC=X8+ X5+ X4 +1

The DS1820 also generates an 8-bit CRC value using
the same polynomial funclion shown above and pro-

64-BIT LASERED ROM Figure 5

vides this value to lhe bus master to validaie the ransfer
of databyles. Ineach case wherea CRC is usedfordala
transler vatidation, the bus master must celctlate a
CRC value using the polynomial funclion given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64-hil ROM portion of the
DS1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byle
when the scratchpad is read). The comparison of CRC
values and decision to continue wilh an operation are
determined entirely by the bus masler. There is no cir-
ctilry inside the DS1820 thal prevents a command
sequencefrom proceedingil the CRC sloredin or calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-¥ire CRC can be generated using a polynomial
generalor consisting of a shift register and XOR gates
as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is available in
Application Nole 27 enlitled "Understanding and Using
Cyclic Redundancy Checks wilh Daflas Semiconductor
Touch Memory Producis®.

The shift register bils are inilialized to zero. Then start-
ingwith the least significant bit of the family code, one bit
ot a time is shifted in. After the 8th bit of the family code
has been entered, then lhe serial number is entered.
After the 48th bit of the serial number has been entered,
the shift register contains the CRC value. Shifling in the
oight bits of CRC should retumn 1he shift register to all
Zer0s.

8-BIT CRC CODE

48-81T SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LS8 MSB

LSB MSB LSB
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ROM FUNCTIONS FLOW CHART Flgure 6

MASTER T

RESET PULSE

4

DS1620 T,
PRESENCE
PULSE

!

MASTER Ty ROM

FUNCTION COMMAND

55h
MATCH ROM
COMMAND

DS1820 Ty FAMILY
COBE
1BYTE

MASTER T BITO

DS1820 To BIT 0
DS1820 Ty BITQ
MASTER Ty BIT O
y
SERIAL NUMBER arro S\ N @ro
6BYTES MATCH? MATCH?
Y Y
L DS 1820 T BIT 1
DS1820 Ty 41
CRC BYTE MASTER Ty BIT 1 DS1820 Ty BIT |
MASTER Ty BIT 1
N N
" Y
T ¥
DS1820 Tx BIT 63
TR alss 051820 T, BIT 63
MASTER Ty BIT 63
BIT 63 N N mires
MATCH? MATCH?
Y Y
> 1
MASTER Ty MEMORY OR CONTRGL
FUNCYION COMMAND
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1-WIRE CRC CODE Flgure 7

[ (M3B)

mﬁB:@- .

INPUT

XOR

{LSB)

MEMORY

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and a nonvolatile, electrically erasable (E2) RAM, which
stores the high and low temperalure triggers THand TL.
The scralchpad helps insure data integrity when com-
municating over the 1-Wire bus. Dala is first writlen to
lhe scratchpad whare it can ba read back. Afterthe data
has been verified, a copy scralchpad command will
transfer the dala to the nonvolatile {E2) RAM. This pro-
cess insures data integrity when modifying lhe mamory.

The scratchpad is organized as elighl bytes of memory.
The first two bytes contain the measured temperature

PS1820 MEMORY MAP Flgure 8

SCRATCHPAD
8YTE

TEMPERATURE LSA a
TEMPERATURE M$8 1
THUSER BYTE 4 2
TLAJSER BYTE 2 3
RESERVED ) 4
RESERVED 5
COUNT REMAIN 6
COUNT PER G 7
CRC a8

infomation. The third and fourth bytes are volatile
copies of TH and TL and are refreshed with every pow-
er—on reset. The next two byles are not used; upon
reading back, howaver, they will appear as all logic 1's.
Thaeseventhand eighth bytes are countregisters, which
may be used in oblaining higher temperature resolution
(see "Operation—measuring Temperalure® section).

There is a ninth byte which may be read wilh & Read
Scralchpad command. This byte conltains a cyclic
redundancy check {CRC) byte whichis the CRC overall
ol the eight previous byles. This CRC is implementedin
the fashion desciibed in the saction tilled "CRC Genera-
tion”.

E2 RAM

THUSER BYTE 1

TLAUSER BYTE 2
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1-WIRE BUS SYSTEM

The 1-Wire bus is a system which has a single bus mas-
ter and one or more staves. The DS1820 behaves as a
slave, The discussion of this bus system is broken down
into three topics. hardware configuration, iransaction
sequence, and 1-Wire signaling (signal lypes and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able lo drive it

HARDWARE CONFIGURATION Flgure 9
+5V

% 47K

BUS MASTER

at the appropiiate time. To facilitale this, each device
atlached to the 1-Wire bus must have open drain or
3-stale oulpuls. The 1-Wire port of the DS1820 (I/0
pin} is open drain with an inlemal circuit equivatent to
that shown in Figure 9. A multidrop bus consisis of a
t-Wire bus with mulliple slaves attached. The 1-Wire
bus requires a pullup resistor of approximalely 5KQ

D51820 1-WIRE PORY

Rioq

—

Ry = RECEIVE
T, = TRANSMIT

Theidle state for lhe 1-Wire bus s high. Iffor any reason
alransaction needs to be suspended, the bus MUSThe
leftin the idle state if the transaction is o resume. Infinite
recovery lime can occur between bits so long as the
1-Wire bus is in the Inactive (high) stale during the re-
covery period. If this does not occur and the bus is left
low formore than 480 ps, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS 1820 via the 1-Wire
port is as [ollows:

* Initializalion
* ROM Function Command
* Maemory Funclion Command

¢ Transaclion/Data

i>oﬁ‘
suA
¥p- I Tx
100 CHM
MOSFET
INITIALIZATION

All fransaclions on the 1-Wire bus begin with an initial-
ization sequence. The initinlizalion sequence consists
of a resst pulse lransmitled by the bus master lollowed
by presence pulse(s) iransmitied by the siave(s).

The presence pulse lels the bus master know that the
D51820 is on the bus and is ready to operate. For more
delails, see the "1-Wire Signaling” seclion.

ROM FUNCTION COMMANDS

Once the bus master has delectad a presence, it can
issueone of the ive ROM function commands. Al ROM
function commands are 8-bits long. Alist of these com-
mands follows (refer to flowchart in Figure 6):
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Read ROM [33h]

This command allows lhe bus master o read the
DS$1820°s 8-bit family code, unique 48-bit serial num-
ber, and 8-bil CRC. This command can only ba used if
lhere is a single DS1820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all staves liy lo transmit at the same time {open
drain will produce a wired AND result).

Match ROM [55h]

The match ROM command, followed by a 64-bit ROM
sequence, allows the bus master lo address a specific
DS51820 on a mullidrop bus. Only the DS1820 thal
exacily matches the 684-bit ROM sequence will respond
lo the following memory funclion command. All slaves
1hat do not match the 64-—bit ROM sequence will wait for
a resel pulse. This command can be used wilh a single
or mulliple devices on lhe bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
lem by allowing the bus master to accaess the memeory
functions without providing the 64-bit ROM code. If
more than one slave is present on he bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as mulliple slaves
transmit simultaneously (open drain pulldowns will pro-
duce a wired AND result).

Search ROM [FOh)

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or {heir 64-bit ROM codes. The search ROM com-
mand aliows the bus master to use a process ol elimina-
tion toidentify the 64-bit ROM codas of all slave devices
on the hus.

Alarm Search [ECh]

The flowchart of this command is identical tothe Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condilion has been
encountered al the lasl temperature measurement. An
alamm condition is defined as a temperalura higher than
THorlowerthan TL. The alarm condilion remains sel as
long as lhe DS1820 is powered up, or until ancther tent-
peralure measurement reveals a non-alarming value.
For atarming, (he trigger values stored in EEPROM are
taken into account. If an alarm condition exisls and the
TH or TL settings are changad, another temperature

convarsion should be done to validate any alarm condi-
lions.

Example of a ROM Search

The ROM search process is the repslilion of a simple
3-slep routine: read a bil, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3—step routine on each bit of
the ROM. After one complele pass, the bus master
knows lhe contents cf the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four differenl devices are connected to the
same 1-Wire bus. The ROM data of lhe four davices is
as shown:

ROMt  00110101...
ROM2 ~ 10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. Thebusmaster begins he initialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bil from the 1-Wire bus.
Each device will respond by placing the valua of the
first bit of their raspactive ROM dala onto the 1-Wire
tus. ROM1 and ROM4 will place a 0 onto the
1-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a1 onio he 1-Wire bus by allowing the line lo
stay high. Theresultis the logical AND of alt devices
on the line, tharefore the bus master seas a 0. The
bus mastar reads analher bit. Since the Search
ROM data command is being executed, all of the
devices on the 1-Wire bus respond to this second
read by placing the complement of the first bit of lheir
respective ROM dala onto the 1-Wire bus. ROM1
and ROM4 will place a 1 onto lhe 1-Wire, allowing
Ihe line to stay high. ROM2 and ROM3 will place a
0 ontothe 1-Wire, thus it willbe pulled low. The bus
master again observes a 0 forthe complement ofthe
lirst ROM data bil. The bus master has delermined
lhat there are some devices on the 1-Wire bus that
have a 0 in the first posilion and others thathave a 1.
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The dala obtained from Lhe two reads of the 3-step
routine have the following interpretations:

00 There are slili devices atlached which have
conflicting bits in this position.

01 All devices slill coupled have a 0-bit in this
bit position.

10 All devices still coupled have a 1-bit in this
bit position.

11 Thereare nodevices attached lo the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM?
and ROM3 for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus.

5. The bus master performs (wo more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled o the bus have 0's as
their second ROM data bit.

6. The bus masier then writes a { to keep both ROM1
and ROM4 couplad.

7. The bus master executes two reads and receives
two 0-bits. This indicales that both 1-bils and 0-bils
exist as the third bit of the ROM data of the attached
devices.

8. Thebus maslterwriles a 0-bit. This deselects ROMA1
leaving ROM4 as the only device still connected.

9. Thebusmaslerreads the remainderofthe ROM bils
for ROM4 and continues to access the part if
desired. This compleles tha first pass and upiquely
idenlifies one part on lhe 1-Wire bus.

10. The bus imaster starts a new ROM seaich sequence
by repeating steps 1 through 7.

11. The bus master wriles a 1-bit. This decouples
ROM4, leaving only ROM1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underiying logic
if desired. This completes lhe second ROM search
pass, in which ancther of the ROMs was lound.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselecls
ROM1 and ROM4 for the remainder of lhis search
pass, leaving only ROM2 and ROM3 coupled to the
syslem.

15.The bus masler executes two read lime slols and
receives two zeros.

16.The bus master writes o 0-bit. This decouples
ROM3, and leaving only ROM2.

17. The bus masler reads Ihe remaindar of the ROM bits
for ROM2 and communicates lo the undenying logic
if desired. This completes the third ROM search
pass, in which anolher of ihe ROMs was found.

18. The bus master starts a new ROM search by repeal-
ing steps 13 through 15.

19.The bus master writes a 1-bit.
ROM2, leaving only ROM3.

20. The bus masterreads the remainder of the ROM bits
for ROM3 and communicates to the undertying logic
il desired. This completes the fourlh ROM search
pass, in which another of the ROMs was found.

This decouples

Note the following:
The bus masterlearns the unigue ID number (ROMdata

patlem) of one 1-Wire device on each ROM Search
operation. The lime required lo derive the part's unigue
ROM code is;

960 s+ (B+3x64)61us=13.16ms

The bus masteris therefore capable of identifying 75 dif-
ferent 1-Wire devices per second.

QO SIGNALING
The DS1820 requires sirict protocols to insure data

integrity. The prolocol consists of several types of
signaling on one line: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of lhese signals, wilh
the exceplion of Ihe presence pulse, are iniliated by the
bus master.

The inilialization sequence required to begin any com-
munication with the 0S1820 is shown in Figure 11. A
resel pulse followed by a presence pulse indicales the
D51820 is ready to send or receive data given the cor-
rect ROM command and memory lunclion command.

The bus master transmils {TX) a rese! pulse (a low sig-
nal for a minimum of 480 us). The bus master then
releases the line and goes inlo a receive made (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecling tha rising edge on the
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES” Figure 11

Vee

Masler Tx “reset pulse®

Masler Rx

480 ps minlmum ot
960 ps maxinwm
D51820

480 s manimum

031820 Ty

wars . .
_.15-60|.|.5|‘; presence pulse

60 - 240 ps

1-WIRE
BUS

LINE TYPE LEGEND:
S Bus master aclive low e e Y DS1820 active low
Both bus masler and
IFNRTWD 051820 active low —  Reshstorpul-up
DS1820 COMMAND SET Table 2
1-WIRE BUS
AFTER ISSUING
INSTRUCTION DESCRIPTION PROTOCOL PROTOCOL NOTES

Convert T

Read Scratchpad

TEMPERATURE CONVERS!

Initiates temperature conversion.

MEMORY COMMANDS

Reads bytes from scratchpad and
reads CRC byte.

ON COMMANDS

<read temperature
busy slatus=>

<read dalaup lo 9
byles>

Write Scratchpad Writes byles into scratchpad at 4Eh <write data into 2
addresses 2 and 3 (TH and TL bytes at addr. 2 and
temperalure triggers). addr. 3>

Copy Scratchpad Copies scratchpad into nonvolatile 48h <road copy status> 2
memory {addresses 2 and 3 only).

Recall E2 Recalls values stored in nonvolalile B8h <read temperature
memory into scratchpad (lempera- busy stalus>
lure triggers).

Read Power Supply | Signals the mode of DS1820 B4h <read suppty status>
power supply to the master.

NOTES:

1. Temperature conversion takes up to 500 ms. Afler receiving the Convert T protacol, if the part does not
receive power from the Vpp pin, the IO line for the DS 1820 must be held high {or at least 500 ms lo provide
power during the conversion process. As such, no olher activity may lake place on the 1-Wire bus for at least
this period after a Convert T command has been issued.

After receiving the Copy Scratchpad protocol, if the part does not receiva power from the Vpp pin, the /O line

for lhe DS1820 must be held high for at least 10 ms to provide power during the copy process. As such, no
alher aclivity may take place on the 1-Wire bus for at least this period after a Copy Scratchpad command has

been issued.
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Read Scratchpad [BEh]

This command reads the contents of the scratchpad.
Reading will commence at byte 0, and will continue
through the scratchpad until the 8th (byte—8, CRC) byte
isread. ifnotalllocalions are to beread, the master may
issue a reset lo terminate reading at any time.

Copy Scratchpad [48h]

This command copies the scralchpad info lhe E2
memory of the DS$1820, storing the temperalure trigger
bytes in nonvolalile memory. Il the bus master issues
read time slots following Lhis command, the DS 1820 will
oulput 0" on the bus as long as it is busy copying the
scratchpad Lo E2; it will retum a “1” when the copy pro-
cess is complele. If parasite powered, the bus master
has toenable a sirong pull-up for atleast 10 ms immedi-
ately after issuing this command.

Convert T [44h]

This command begins a temperalure conversion. No
furtherdalais required. The lemperature convarsion will
be performed and then the DS 1820 will remain idle. If
the bus masterissues read time slols following this com-
mand, the DS 1820 will oulput “0° on the bus as long as it
is busy making a temperature conversion; it will relum a
“1"when the temperature conversionis complete. If par-
asite powored, the bus master has to enable a strong
pullup for 500 ms immediately after issuing this com-
mand.

Recall E2 [B8h]

This command recalls the temperature trigger values
storedinE2tothe scratchpad. Thisrecall operationhap-
pens automalically upon power—up to the DS1820 as
well, sovalid dalais availeblain he scratchpad as soon
as the device has power applied. With every read data
lime slot issued afler lhis command has been sent, the
device will output its temperalure convarter busy lag
"0°=busy, “1"=ready.

Read Power Supply [B4dh]

With every read dala time slot issued after this com-
mand has been sent to the DS1820, the device will sig-
nal ils power mode: “0°=parasile pawer, “1"=external
powar supply provided.

READ/WRITE TIME SLOTS

DS1820datais read and written through the use of lime
slots to maniputate bits and a command word o specify
lhe lransaction.

Write Time Slots

A write lime slot is initiated when the host pulls the data
line from a high logic level 10 a low logic level. There are
two types of write lime slots: Write One time stols and
Write Zero ime sfols. All write time slots must be a mini-
mum of 60 ps in duration with a minimum of a one ps
racovery time hetween individual write cycles.

The DS1820 samples the O linein awindow of 15 psto
60 psafler the lfOline falls. Il theline is high, a Write One
occurs. If he line is low, a Wrile Zero occurs {See
Figure 12).

For the host lo generate a Write Cne time slot, he data
line mustbe pulled to alogic lowlevel and thenreleased,
allowing the data line to pull up 1o a high lavel within
15 ps after the start of the write lime slol.

For lhe host lo generate a Wrile Zero time stot, the data
{ine mustbe puiled lo a logic low level and remain low for
60 ys.

Read Time Slots

The hosl generales raad time slols when data is to be
read from the DS1820. Aread timo slolisinilialed when
the host pulls the dala line from a logic highlevel to logic
low level. The data line must remain at a low logic level
for a minimum of cne ps; oulput data fromthe DS1820is
valid for 15 psafierthe falling edge of the read lime slot.
The host therefore must slop driving the IO pin low in
ordertoreadils stale 15 psfromihe slartofthe read slot
(see FFigure 12). By the end of Ihe read time slot, the 0
pinwill pullback high via the external pull-up resistor. All
read time slols must be a minimum of 60 us in duralion
with aminimumof a one us recovery lime between indi-
vidual read slots.

Figure 13 shows that the sum of Tyt Tre, and
TsampLe must be less than 15 ps. Figure 14 shows that
system timing margin is maximized by keeping Tyt
and Trc as small as possible and by localing the master
sample lime towards the end of the 15 s paricd.
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READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE "0° SLOT MASTER WRITE "1° SLOT
60 ps<Ty 07120 p3 S 1 18¢ treg <o
Vee .o
1-WIRE
BUS
GND ——
>1ps
DS1820 SAMPLES DS1820 SAMPLES
MIN e MAX : MIN i {ad MAX
155 15p5~+— 30ps 15¢s 15ps~—l-q— 30ps —-
Tps<lgeg <=
MASTER READ "0 5LOT MASTER READ *1* SLOT
Vee g _
1I-WIRE
BUS
GND & h
=1 ps
- MASTER SAMPLES MASTER SAMPLES
15 ps 15|.|s—>|<— 3ys 15 ps
LINE TYPE LEGEND:
- Bus masler aclive low DS1920 aclive low
) Both bus masler and Y
i) DS1820 active low Resislor pull-up
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DETAILED MASTER READ “1" TIMING Figure 13

Veo

1-WIRE
BUS

GND - -

Veo

1-WIRE
BUS

GND —-

SMALL  SMALL

. i Both bus niaster and
o™ 5120 aclive kow

Rasistor puli-up

MASTER
SAMPLES
15pus |
LINE TYPE LEGEND:
ensmmmn  Bus master active low (o v DS1B20 aclive low
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MEMORY FUNCTION EXAMPLE Table 3

Example: Bus Masier inilinles temperature conversion, lhen reads temperature (parasite power assumed).

MASTER MODE DATA {LSB FIRST) COMMENTS

™ Reset Reset pulse (480-960 ps).

RX Presenca Presence pulse.

TX 55h Issue "Match ROM™ command.

™ <64-bit ROM code> Issue address for DS1820.

X 44h Issue “Convert T" command.

TX <}i0 LINE HIGH=> IO line is held high for at least 500 ms by bus master to
allow conversion to complete.

TX Reset Reset pulse.

RX Prasence Presence pulse.

TX 55h Issue "Match ROM™ command.

X =64-bit ROM code> Issue address for D51820.

™ BEh Issue “Read Scralchpad™ command.

RX <9 dala bytes> Read enltire scratchpad plus CRC; lhe master now recal-
culates the CRC of the eight data bytes received from the
scralchpad, compares the CRC calculaled and the CRC
read. If they malch, the masier conlinuas; if not, this read
operation is repeated.

™ Reset Reset Pulsa.

RX Presence Presence pulse, done.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operaling Tempeorature
Slorage Temperature
Soldering Temperattre

05V o +7.0v
-55°C to +125°C
-55°C lo +125°C
260°C for 10 seconds

' Thisis astressralingonly and functional operation of lhe device atthese or any olher condilions above those
indicated in the operation sections of this specification is notimplied. Exposure lo abselute maximum rating
condilions for exiended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Supply Voltage Vbop IO Funclions 28 50 55 1,2
+115°C Accurate | 4.3 55 v
Temperature
Conversions
Dala Pin I{8] -05 +5.5 v 2
Logic 1 VIH 20 Vect03 v 2,3
Logic 0 ViL 03 +0.8 v 2,4
DC ELECTRICAL CHARACTERISTICS (—55°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Thermomeler Error teRR -0°C lo +70°C L)) °C
—55°C to 0°C
and +70°C to See Typical Curve 1,9, 10
+125°C
Input Logic High ViH 2.2 55 v 2,3
Input Logic Low Vi -0.3 +0.8 \Y 2,4
Sink Currant I V=04V —4.0 mA 2
Slandby Currant la 200 350 nA B
Aclive Current lop 1 15 mA 9,6
input Load Current I 5 A 7
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AC ELECTRICAL CHARACTERISTICS: (—55°C fo +125°C; Vpp=3.6V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Temperalure Conversion Time tcony 200 500 ms

Time Slot lstoT GO 120 Hs

Recovery Time lrec 1 us

Write O Low Time rLowo 60 120 ns

Wirile 1 Low Time tLowt 1 15 ns

Read Data Valid trov 15 ns

Resel Time High trsTH 480 us

Reset Time Low lasTL 480 4800 us

Presence Deatect High teDHIGH 15 60 us

Presence Detact Low ipoLow 60 240 ns

Capacitance Ciwout 25 pF
NOTES:

1.

> o oA w N

~

Temperature conversion will work with £2°C accuracy down to Vpp = 3.4 volls.
All voliages are referenced to ground.

Logic one voltages are specified al a source current of 1 mA.

Logic zero voltages are specified at a sink current of 4 mA.

Ipp specified wilh Ve at 5.0 volts.

Aclive current refers to eilher lemperature conversion or writing to the E2 memory. Wriling to E2 memory con-
sumes approximately 200 pA for up to 10 ms.

Input [oad is o ground.
Standby current specified up lo 70°C. Standby current typically is 5 pA at 125°C.

See Typical Curve for spacificationdimits outside the 0°C to 70°C range. Thermometer error refiecls sensoraccu-
racy as lested during calibration.

10. Typical accuracy curve valid for 4.3V < Vg < 5.5V,

1-WIRE WRITE ONE TIME SLOT

< tsiar START OF NEXT CYCLE

V4 N/
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1-WIRE WRITE ZERO TIME SLOT

\- -

1-WIRE READ ZERO TIME SLOT

START OF NEXT CY¥CLE

START OF NEXT CYCLE

- tsior
—m — laeg

i)\

[— tagy —’1
1-WIRE RESET PULSE

RESET PULSE FROM HOST

lf. lrsTL et Ret -
//
1-WIRE PRESENCE DETECT
PRESENCE DETECT
——-m lrpHiGH )-'—4
- tpoLow
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TYPICAL PERFORMANCE CURVE
DS1820 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR
6 .
Y j
g !
&
g UPPER LIMIT
SPECIFICATION
—IE|5 r-;15 —I15 ZIS 45 t‘:5 3l5 105 Iéﬁ
LOWER LIMIT ’ TYPICAL
SPECIFICATION 4 ERROR

24

TEMPERATURE (0eq. C)
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