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Abstract

The objective of this project is to sclect and install temperature sensor for temperature
measurement in an electric iron. The temperature sensors for this study were DS18B20, LM35
and thermistor. The sensors were controlled for three level of temperature with Arduino IDE
program on C Programming Language and Parallax Data Acquisition tools or PLX-DAQ.

For experimental result of selecting and installing temperature sensor on heating element
of electric iron, showed that thermistor was appropriate for 100°C -180 °C. Its Mean Absohite
Error (MAE) was 2 % which was less than that of DS18B20 and LM35. The position of
temperature sensor at the bottom of electric iron was appropriate because the temperature of
heating element of electric iron was at the highest level and temperature sensor was still

performed without any impairment.
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inttempPintherl=0;
inttempPinther2=1;
inttempPinther3=2;
inttempPinther4=3;
inttempPinther5=4;

inttempPinther6=5;

Taamddlumsuaasgamgii LM35
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intx=0;

introw = 0;

floattemperaturel;
floattemperature?;

floattemperature3;

floatiemperatured;
floattemperatureS;

floattemperaturef;

void setup()
{

Serial.begin{9600);

Serial.priniin{"CLEARDATA"};

Serial.printin{"LABEL,time,sec,11,12,t3,14,15,t6");

}

void loop()
{

temperaturel= (LMTEMP(analogRead(tempPintherl))});

temperature2 = (LMTEMP{analogRead(tempPinther2}));

temperature3= (LMTEMP{analogRead{tempPinther3)));
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temperatured= (LMTEMP{analogRead(tempPinther4)));
temperature5= (LMTEMP{analogRead{tempPinther5)});

temperature6= (LMTEMP(analogRead(tempPintherg)));

Serial.print{"DATA,TIME,"}; Serial.print(x); Serial.print(",");

Serial.print{temperature1); Serial print{(",");

r r

Serial.print{temperature2); Serial.print(","};

r

Serial.print(te mperatufe3); Serial print(",");

Serial.print{temperatured); Serial.print(",");

, I

Serial.print{temperatures); Serial.print{",");
Serial.printin{temperature6);
row-++;

X+t

if (x>1200)
{

X=0;
}
delay{996);

}
float LMTEMP(int RawADC) {

floatTemp;

Temp ={ 5.0 * RawADC * 100.0} / 1024.0;

return Temp;

}



#include <OneWire.h>

Inamiialumsuansgamgil DS1820

ffinctude <DallasTemperature.h>

-#Hinclude <Wire.h>

#define ONE_WIRE_BUS 10

47

OneWire oneWire(ONE_WIRE_BUS);

DallasTemperature sensors{&oneWire);

intx=0;

introw=0;

void setup() {

Serial.begin(9600);

Serial.printin{"CLEARDATA");

Serial.printin("LABEL time,sec,t1,t2,t3,t4,15,t6");

sensors.begin();

}

void loop() {

sensors.requestTemperatures();

Serial.print{"DATA,TIME,"); Serial.print{x); Serial.print(","};

Serial.print{sensors.getTempCByIndex(0)); Serial.print(",");

Serial.print(sensors.getTempCBylndex({1)); Serial.print{",");

Serial.print{sensors.getTempCByIndex(2)); Serial.print{(",");

Serial.print(sensors.getTempCByIndex(3)); Serial.print{",");

Serial.print{sensors.getTempCBylndex{4)); Serial.print(",");

Serial.printin{sensors.getTempCByIndex(5});



row-+;
X+

if (x >1200)

{
x=0;
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inttempPintherl=0;
inttempPinther2=1;
inttempPinther3=2;
inttempPintherd=3;
inttempPinther5=4;

inttempPinther6=5;
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intx=0;

introw=0;

floattemperaturel;
floattemperature?;

floattemperature3;

floattemperature4;
floattemperature5;

floattemperature6;

void setup()
{

Serial.begin{9600);
Serial.printIn{"CLEARDATA");
Serial.printin("LABEL,time,sec,t1,t2,t3,t4,15,t6");
}

void loop()



{

temperaturel= (LMTEMP{analogRead(tempPintherl)});
temperature2= (LMTEMP(analogRead{tempPinther2})));
temperature3= (LMTEMP{analogRead{tempPinther3})));
temperatured= (LMTEMP{analogRead({tempPintherd)}));
temperature5= (LMTEMP{analogRead(tempPinther5)});

temperature6= {LMTEMP{analogRead{tempPinther6)));

Serial. print{"DATA,TIME,"); Serial.print{x); Serial . print{","};

LA R

Serial.print{temperaturel); Serial.print(",");

! £

Serial.print{temperature2); Serial.print{","};

? 2

Serial.print(temperature3}; Serial .print{",");

7’ 7’

Serial.print(temperature4); Serial .print{","};

! 4

Serial.print{temperatureb); Serial.print(",");

LI 2

Serial.printin{temperature6};

row++;
X+;
if (x >1200)
{
X=l;
}
delay({996);

}
float LMTEMP(int RawADC) {
float Temp;

Temp ={ 5.0 * RawADC ¥ 100.0} / 1024.0;
return Temp;

}
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Arduino Duemilanove

L
N9 pode
) B 300 Baa

Product Overview

The Arduine Duemilanove ("2008%) is a microconiroller board based on the ATmega328. It has 14

digital inputioulput pins {of which 6 can be used as PWM outputs), 6 analog Inputs, a 16 MHz
crystal oscillator, a USB connection, a power jack, an ICSP header, and a rese! button. il contains
everything needed lo supporl [he microcontroller; simply connect il to a computer wilh a USB
cable or power it with a AC-to-DC adapter or battery to get staried,

“Duemilanove” means 2009 in ltalian and is named after the vear of ils release. The Duemilanove
is the latest in a series of USB Arduino boards; for a comparison with previous versions, see the
index of Arduino bpards.

:Technical ,
‘Specifications

_";'Page Z

‘How to use Arduine - '"“Pa.ge 6

. Programming Enviroment, Basic Tutorials

%Eerm &
-Conditions

\Enviror

{half sqm of green via'|

2olicies
mpatto Zero®: ;

E} Radiospares



EAGLE files: arduino-duemilanave-referonce-dosian.2ip Schemalle: atduing-duemilanove-schamatic. pdf
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o

Micrecontroller ATmega328

Operating Voltage 5V

Input Voltage {recommended) 7-12V

Input Vollage (limits) 6-20V

Digial IfO Plns 14 {of which 6 provide PWM oulpul}
Analog Input Pins 6

DC Cumentpeed/O Pin———40-mA-——

DC Current for 3.3V Pin 50 mA

Ftash Memory 32 KB of which 2 KB used by boolloader
SRAM 2K8e

EEPROM 1kB

Clock Speed 16 MHz

TX/RX| " Test"
Led 13| (KON

Power
. Led




The Ardulno Duemllanove can be powered via the USB connection or with an external power supply. The
power soufce is selected autlomatically.

External (non-USB) power can come either from an AC-lo-DC adapler (wall-war) or battery. The adapter
can be connecled by piugging @ 2.1mm center-posilive plug into the board's power Jack. Leads from a
batlery can be inserted in the Gnd and Vin pin headers of lhe POWER connector.

The board can operale on an external supply of 6 to 20 volis. If supplied with fess than 7V, however, lhe 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 lo 12 volts.

The power pins are as folows:

¢ VIN. The inpul voltage to tha Ardulno board when if's using an external power source {as opposed {o
5 volts from the USB connection or other regulaled power source). You can supply voltage through
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thispin-or-tEupplying-vollAga-vie e power-jack-accaas ithrotgFhis-pin:

* 5V. The regulaled power supply used to power tha microcontroller and other componenis en the
board. This can come eilher from VIN via an on-board regulator, or be supplied by USB or anolher
regulated 5Y supply.

s 3V3. A 3.3 volt supply generated by the on-board FTDI chip. Maximum current draw is 50 mA.

GND. Ground pins.

The Atmega328 has 32 K8 of flash memory for storing code (of which 2 KB is used for ihe boottoader): the
ATmega328 has 32 KB, (also with 2 KB used for the bootloader). The: Atmega328 has 2 KB of SRAM and 1
KB of EEFROM (which can be réad and wrilten with the EEPROM library).

Each of I 14 digital pins on 1he Uuemilanove can be used as an inpul or oulpul, using pinModel),
digitalWrile(), and digitaiRead() functions. They operale at 5 volls. Each pin can provide or recelve a
maximum of 40 mA and has an internal puil-up resistor (disconnected by default) of 20-50 kOhms. In
addition, sorme pins have specialized funclions:

+ Serial: ¢ (RX) and 1 (TX). Used to receive (RX) and lransmit (TX) TTL serial dala. These pins are
connecled fo the correspending pins of the FTDI USB-to-TTL Sarial chip,

» External Interrupts: 2 and 3. These pins can be configured 1o Ingger an mterrupt on a low value, a
fising ar falling edge, or a change in value. See tha attachlnterrup!(} funclion for details.

*+ PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output wilh he analogWrite{} function.

= SPL: 10 (88), 11 (MOSI), 12 (MISO), 13 {(SCK). These pins support SPI communicalion, which,
aithough provided by the underlying hardware, is not currently inciuded in the Arduine language.

¢ LED: 13. There is a built-in LED connecled to digital pin 13. When the pin is HIGH valus, the LED is
on, when the pin s LOW, i's off.




The Duemilanove hag 6 analog inpuls, each of which provide 10 bits of resolution (i.e. 1024 different values).
By default they measure from ground to 5 volls, though is il possible o change the upper end of their range
using the AREF pin and the apalogReference() function. Additionally, some plns have speclalized
functionality:

» P’C: 4 (SDA) and 5 {SCL). Support I’C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for Lhe analog Inpuls. Used with analogReference(}.
s Resel. Bring lhis line LOW lo resel the microcontrofter. Typically used 1o add a reset bullon o
shields which block the one on the board.

See also the mapping between Arduine pins and Almega3Z28 ports.

Communication
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The Arduino Duemitanove has a number of facilities for communicaling with a computer, another Arduino, or
athar microcontrollers. The ATmega328 provide UART TTL (5V) serial communicalion, which is avaiable on
digllal pins 0 {(RX) and 1 (TX). An FTDI FT232RL on the board channels this senal communication over USB
and the FTDI drivers (included wilh the Ardulne software) provide a virtual com port to software on the
computer. The Arduino software includes a serial monitor which allows simple textual data to be sent o and
from lhe Arduino board. The RX and TX LEDs on lhe board will flash when data Is being transmitted via the
FTD! chip and USB eonneclion to the compuler {but nol for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communicalion on any of the Duamilanove's digilal pins.

The ATmega328 alzo suppori t2C (TWI) and SPI communicalion. The Ardulne software includes a Wire
library to simplify use of the 12C bus; sea the documentation for details. To use the SP]1 communication,
please see the ATmega3d28 datasheet.

The Arduino Duemilanove can be programmed with {he Arduino soffware (downioad). Select “Arduino
Duemilanove w/ ATmegad28” from lhe Toels > Board menu (according to the microcontroller on your
boeard), Far details, see the reference and lulorials.

The ATmega3d28 on the Arduino Duamilanove comes preburmed with a boolloader that allows you to upload
naw code lo it without the use of an exlernal hardware programmer. 1t communicates using the originat
STK500 prolocol (reference, C header fifes).

You can also bypass the boolloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instruclions for details.
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Generat Description

The LM35 seris am precision imegrated-crcu temperalure
sensors, whose output voltage is linearly propodional to the
Celsius (Conligrade) lemperalure. The LM3S thus has an
advariage over fnear temperalire sensors calbrated in
" Kelvin, as the user is not required to subtact a large
constant vollage from s ovlpul 1o oblain conveniem Centi-
grade scalng. The LM35 does nol require any extemal
catibsation or rimming 1o provide typlcal accuradies of 45°C

at room lemperatwe and £31°C over a full 55 lo +150 (8

I@pe(a]ma_mma_an_msLls_assm
35

¥ n
anca, linear aApul, and prems& inherent calibrafion make
iderfecing fo readeul or control ciraitry especially easy. 1t
can ba used wilh single power supplies, or with plis and
minus suppkes. As il draws onty 60 pA from its supply, it has
very kow self-healing, less than 0.1°C i sl air. The LM35is
raled 1o operate over a -55' 1o +150°C lemperature ranga,
while The LM35C Is raled lor a -40° to +110°C range (10"
wilhimproved accuracy). The LM3IS series is available pack-

&National Semiconduclor

Precision Centigrade Temperature Sensors

November 20¢0

aged in hermetc TO-46 bransislor packapes. whie lhe
LM35C, LM3SCA, and LM35D aie also available in \he
plastic TO-92 kransistor pachage. Tha LM35D is also avail-
abla in an 8-lead swface mount small culline package and 2
plastic TO-220 package.

Features

» Cafibrated direclly in ~ Celsius (Centigrade)
® Lingar + 10.0 mV/"G scale faclor

= 05'C accuracy guararrleeabk- (at +25'C)
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u Smlabfe Tor remote applu:alrons
= Low cosl due lo walerdevel trimming

B Opevales from 4 lo 30 volls

B Less than 60 pA current drain

= Lew s2ll-heating, 0.08°C In still alr

o Nonlineardy enty %4"C typical

B Low impadance oulpul, 0.1 £2 for 1 mA load

Typical Applications

+¥s
4V T0 20W)

ourrl
[ 0k e 10 0mvseg

(5.
=

nEREsIEd

siosusg aimedsadwal speibnuary uoisivald SEN

Ve
L3S Youl
#
—¥y
DSR4
-Ghoose Rr—=—=Vg'50 1k

FIGURE 1. Baslc Cenllgrade Temperatura Sensor
(#2°C 10 +150°C)

V our=+1,500 MV ol «150°'C
= 1250 mY al 425°C
= -550mV¥ at -55'C

FIGURE 2. Full-Range Cenligrade Temperalure Sensor

@ 2000 Nationa) Semeondudior Carporation DS005516
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Connection Diagrams

TO-46
Metel Can Package™

‘Caso is connecied lo negative pin (GHD)
Ordar Number LM35H, LM35AH, LMI5SCH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plaslic Package

50-8
Small Outilne Molded Package

Ry

Your 11 |-+
NEL —2
HC.—3
GO —| 4

A

T W
S—NC
S|—HL.

O B2
N €. = Mo Cornoclion
Top View
Order Number LM350M
Ses NS Package Number MOBA

TO-220
Plasllc Package®

R ¥our D

FOTTOM VIEW
DSIASIL 2
Order Number LM35CZ,
LMISCAZ or LM35DZ
See NS Package Number 203A

O

L
1507

e Your
@ DEAEMGE
*Talr is connet'ed 1¢ Ihe nagative pin {GND).
Hote:  The LM3SOT piroud bs Giterent Lhan the disoortnued LM3SCP
Order Number LM35DT
Sge NS Package Number TADJF

wiww.nalionalcom



Absolute Maximum Ratings iNdte 10)

TO-92 and TO-220 Pachage,

SEW
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It Milltary/Aerospace specilled devices are required, (Soldering, 10 seconds) 0C
please eonlact the Nailonal Semiconductar Sales Clilce/ S0 Package (Nole 12)
Dislributors for avallabllity and speciiicallons. Vapo: Phasa (60 seconds} 215G
Infrared {15 setonds 220°C
Supply Vollage VIl -02V - pgy Sus:epébﬂiry (Nole jn; 2500V
Oulput Vattage *6Vlo-1.0v Specified Operating Tenvperalure Range: Tyg 0 T
Qulput Gurrent 10 mA (m 2) M Max
Storage Temp,; L35, LM35A -55'CGto +150°C
T0-46 Package, -60°C lo +180°C LM35C, LM35CA -40°C 1o +110°C
TO-92 Package, -60'C 10 +150°C M350 0°Cta +190°C
50-8 Package, -65°C [0 +150°C
TO-220 Package, -65°C to +150°C
L6 Package,
{Soldering, 10 secontis) 300°C
Electrical Characterlstics
(Motes 1, 6)
LM35A LM3sCA
Parameler Condllions Tested Design Tesled Beslgn Units
Typleal Limit Limit Typlcal LEmit Limit (Max.}
(Nofe 4} | {Note 5} {Nete 4) | {Note 5%
Accuracy T A=425'C 202 £0.5 0.2 5 'C
{Mots 7} T A=-10°C +03 0.3 EID ‘C
i =T, 104 £1.0 104 1.0 (v
Ta=Tum 204 +1.0 0.4 +1.5 ‘G
Nonfinearity T aanSTa% Thaax *0.18 0,35 10.15 0.3 G
{Mote 8)
Sensor Gain T ST aST o +10.0 +9.9, +10.0 +9.9, myrC
{Average Slope} +10.1 +10.1
Load Hegulation T A=+25C 104 1.0 +0.4 o mVy/mA
{(Nete 3 0<1, <1 mA T T aST e 105 1340 0.5 3.0 mV/mA
Lina Regulation T ,=425C 0. 10,05 +0.01 20.05 mvy
{Nole 3) AV 30V 10.02 +4.1 10.02 104 mViyY
Quiescenl Cursent Vg=+5V, 125C SB 67 56 687 A
{Nole 9) VY o=45Y 105 131 91 114 pA
V 5=+30V, +25°C 58.2 68 562 68 pA
Y g=+30V 105.5 1323 91.5 116 PA
Change of AVV <30V, +25°C 0.2 ) 0.2 1.0 A
Quigscenl Gurrenl AV <OV 0.5 20 0.5 2.0 WA
{Note 3)
Temperalure +0.39 +0.86 +0.39 +0.5 UASC
Coefticient of
Quiescent Currenl
Minimum Temperaiwre | tn ciouit of +1.5 +20 +1.5 +2.0 G
for Raled Accumcy Figure f, 1,=0
Long Term Stability T =Thang for +0.08 +0,08 ‘C
1000 hours

wiew.natanal.com



LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameler Condlitlons Tested Deslgn Tested Deslgn Unlis
Typical Umit Limh Typleal Limil Limit (Max.}
(Noe 4) (Note 5) (MNato 4} {Note 5)
Accuracy, T ,=425C $0.4 £1.0 £0.4 1.0 C
L35, LM3SC T 4=-t0'C *05 0.5 k4 R ‘G
(Nole 7} T a=Tuax t0.8 *15 0.8 05 ‘C
T a=Tran 0.8 1.5 0.8 120 'C
Accuracy, LMISD T 4=425°C 106 +1.5 G
(Nale 7) Ta=Thanx 09 120 kv
Ta=Tont +0.9 320 'C
Nonfnearity T i< TaSTpanxe 103 10.5 0.2 $0.5 ‘G
{Nole B}
Sensor Gain® T 4t STA<T jaax +100 +9.8, +10.0 +9.8, mviC
VAV a-oRpa] 102 Fi0:2
Load Reqgulation T p=+25C 0.4 20 04 20 mv/mA
MNote 3) 0sL <1 mA T o€ TasThiax $0.5 45.0 105 150 | mvma
Line Regulation T A=425'C 2001 *0.1 001 0.1 mviv
{Note 3) 4V<V <30V +0.02 t0.2 10.02 10.2 mviv
Cuiescent Gurrant V 5=+5Y, +25°C 56 80 56 80 WA
{Note 9} V =45V 105 158 91 138 pA
V 5=430V, +25°C 56.2 82 56.2 B2 PA
V g=+30V 105.5 161 91.5 141 VA
Change of AV 30V, +25'C 0.2 2.0 0.2 2.0 A
Quisscent Curram V<V =230V 0.5 34 0.5 3.0 pA
{MNote 3}
Temperalura +0.39 +0.7 +0.29 +0.7 HATC
Coeflicient of
Cuiescent Currenl
Minimum Temperalure | In circuit of +1.5 +2.0 +1.5 +2.0 G
for Aated-Avcuracy Figure 1,1 =0
Leng Term Stabilty T y=Tranx, Tor 10.08 +0.08 'C
1000 hours

Nole 1: Urless oharwise noted, twse specifications apply: ~55'CTas 150°C far the [M3% amd LIO3SA: - 50°<T e 110°C Tor the LMISG and LMSSCA; and
O £T o 100G for the LM3SD. Vga48YdS and Il nap =50 wA, b tha cicuil of Figurs 2 Thasa specifications aso apply from +27C to Tuax kn the dircuit of Fgu 1,
Specixations in boldface apply over Lhe vl rated lemperatire range.

Hole 2: Thermal resistance of the TO-46 pad-ago Is 400°CAY, juncBion 15 amibiont, and 24'CW Junction 1o cage. Thormal rasiganse o the TO-92 package is
180°CWY juncion s amblent. Theimal resistance of the smal outine molded package s 220°CAY funaion o amblent. Thams 12sistanca o fe TO-220 package
is 90°C/W junction fo amhient For agdtional fermal resistance jnlormatn see tabia I he Applications secton.

Note 3: Ragpolation s measired & conslent unction termperatum, using pulse lesting with a tow ooty oycle. Chages in oyl due to heating eledls can be
computed by muZplying the inemal dissipation by the Lherma! rasislance.

Nete d: Tesled Umits a0 guaranigod and 160% lested in producion

Hote 5: Detign Limis ara guaranteed (oul not 100% producon fested) over the Indiczed lempesaty s and supply Vaitage ranges These Emis are nal used lo
caiculala oulgoing quadly levela.

Note 6 Epecifications in beldiace arply over lha full alad tamperaturg mnge.

Mote 7: Aocuracy is defined as e ermor belween by ou'put voltage 20 10 C limes tho device's cas) lemperalure, 2 spachied congdions o vaitage, cumont,
ol lemparahee (expessed i °C),

Note 8: NonZnearity Is dehined as the devlaion ol the ouipts-voltape versus-lmperatre cunve kom the beskal saigh Bre, over tha devioe’s rated jempat@ure
ange.

Note 9: Quezsten) cungnt is delinad In the clroui of Fgere 1,

Hote 10: Atschie Maimum Radngs incicate fmils Loyond which damapa b tho davice may oocur DG and AG ploclrics speciatons do o apply when operating
e dovies beyond B5 raled operiting condlions. Seo Nolz 1.

Hota 11: Human bety model, 100 pF dizcharged through a 1.5 kO roslstor.

Noiz 122 Sea AN-50 "Suface hMounting Methods ond Thair Efect on Product Relishizy™ of the geciion Biad “Surlase Mounf lourd i a aurrent Hasonal
Semxonductor Linex Dala Book tor otter methods of soldaring surface moure davices.
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LM35

61

Nolse Vollage
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Applications

The LM35 can be gpplied easty in the same way as olher
integrated-troul lsmporature_sensors,|

cemenied 10 a surace and s lemperalore Wil bo wilhin
about 0.01°C ol the surface temperalure.

This presumnes thal the ambient air lemperaluze is almesl Lhe
same as the surlace temperaiwre; if the alr temperalure were
much higher or lower than e surface temperature, lhe
actual temperatwe of the LM35 die would ba at an inlerme-
diale temperalure batwean the surface lemperature and he
air lemperalure, This is expecially true for the TO-92 plastic
package, where ihe copper teads are the principal thermal
path lo camy heal inlo the device, so its lemperalure might
be closer Lo tha air lemperalure than lo Lhe surface tempera-
turg.

To minimize this provlem, be sure Lhat the wiring to the
LM35, as it leaves Ihe device, is hold al the same lempera-
lure as the surface of inferesl. The sasiest way lo do Lhs is
lo cover up hese wires with a bead ol epoxy which will
insure that the leads and wires are all at the sama fempera-
lure as the surface, and thal the LM35 die's tempemtura wil
nol be allecled by the air lemperature.

Typical Performance Characteristics (coninued)

Slar-Up Aesponsa
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=
S
L
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L E
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=

€ 1316 1» W aa

THE (microsecandi)
chmsien

The TO-46 mela! package can also be soldered to a matal

surface or pipa withoul damage. Of course, in thal case Lha
V- terminal ol the drcuit will be groundad to thal melal.

canber led inskde-x sealedrond
melal tube, and ¢an then be dipped inlo a balh or scrawed
into a lhveaded hole in a lank. As with any IC, the LM35 and
accompanying wiring and dreuts must be kepl insulated and
dry, 1o avoid leakage and corresion. This Is espaclally trus it
the circuit may operate at cold lemperaturas where conden-
salion ¢an ocew. Prined-clrcuil coalings and vamishes such
as Humiseal and epody paints o dips are often wsed la
Insure hal meishire cannet cormode the LM35 or ils connec-
lions.
These devices are somelimes soldered lo a small
fight-wefght heal fin, 1o decrease the thermal time conslant
and speed up lhe response in slowly-moving ar. On Lhe
olher hand, & small Ihermal mass may be added lo the
sensor, ta give tha sleadesl reading despile smalf deviations
in the alr lemperalwre,

"Wakafiold typo 201, o1 17 dis ol D.020" shoet biass, seidered lg GaSe. DI STHAL
"*TC-92 and SC-8 packznos giued and feads soldered [0 §° squaca of 146" pEnted arouil board with 2 o7, Ibd or similar

— Temperature Rise of LM35 Due To Selfi-heaflng (Thermal Reslstance,d a)

T048, TO48, T0-22, TO-5, so8 S0-8* TO-20
ro heal smatl haat fin na heal smad hoat fin no haet small heat tin o heat
alnk sink elrk alnk
Sul oy 00 G 100°CA TET W 14°CW 20T HYCAY FCAW
Wao¥ig air 100°CHW 00 90T THCW o> =a ] BYCW 26TV
&) ol oty 40°CAY ey ] 0w
Sared cil W0owW G A5G 40°GAY
(Clanped to mels],
Infirdo Bedd snk) (290w (B5CA

wyw.national com



Typical Applications
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FIGURE 3. LM35 wilh Decoupling from Capacliive Load
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FIGURE 4, LM35 with H-C Damper
CAPACITIVE LOADS

TinSTED AR

Your =10 e~ {Tummis + 1701
FROM #3670 +40°L
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O 1% RAEUSTAT
Foh 0N AnJwr

(2318 Y

FIGURE 6. Two-Wire Remole Temperalure Sensor
{Oulput Relomed 10 Ground)

SN

Lie mos] micropower dreatls, ihe LM35 has a Jimiled abibty
to drive heavy capacitive loads. The L35 by itsel is able 1o
drive 50 pl wiheul special precautions. It heavier loads are
anliclpated, it is easy lo isolate or decouple the load with a
resistor; sea Figwra 3. Or you can Improve the tlolerance of
capadlance with a series R-C damper from oulpul to
ground; sea Figurs 4.

When the LM35 is applied with a 20012 load resislor as
shownin Figure 5, Figure 6 ar Figure 8itis relatively immuna
lo wiring capacitance because the ¢capacilance forms a by-
pass from ground to input, nol on the oulput. However, as
wilh any Enear circuil connecled 1o wires in a hostile envi-
ronment, i1s perlormance can be aflecied adversaly by in-
tense electromagnelle sowrces sixh as refays, radio frans-
mitters, motors with ancing brushes, SCR lransienls, slc, as
its wiring can acl as a raceiving anlanna and its inlernal
functions can act as rectifiers. For best resuhs in such cases.
a bypass capacltor from Yy, 1o ground and a seres R-C
damper such as 755 in seres wilh 0.2 or 1 uF frorm oulput ko
ground are often useful These zre shown in Figure 13,

N34
<

v‘v
=
-

LDENET

FIGURE 7. Temperature Sensor, Slngle Supply, -55° 1o
+150°C

]
| 7
g | Z
L TWISTED prap

Vimr =18 W UE (st + 10°0)

Figore 14, and Figure T6.

Yoy =18 o2 L (Taawen +1°C)
- ﬁl‘o FROM +2°L 10 4 40°E
9

THSTED P&

DLUKRTH §

AGURE 5. Two-Wire Remole Tompearalure Sensor
{Grounded Sensor)

FROM=57C

1% ok

[ R ]

FIGURE 8. Two-Wite Ramate Temperalure Sonsor
{Oulpin Referred 10 Ground)
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FIGURE 9. 4-To-20 mA Currenl Sovrce {0°C to +100°C)
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Typical Applicatlons (coalimen

5
+¥s
|6 10 20¥) L3y
L1M35 -
4.5
W X
ns:»as_?:s-n
i _ FIGURE 11. Centigrade Thermometer (Analog Meter)
o
+ 1. 4" F
25.4n T
1%
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FIGURE 10. Fahrenhelt Thermameler JL
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FIGURE 12. Fahrenhel} Thermometer Expended Scale
Thermomelar
(50" to 80" Fahrenhelt, for Example Shown)
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FIGURE 13. Temperalure To Diglial Converler {Serial Outpul) (+128'C Full Scale)

DENAK 1

Standard Data Bus 1o UP Inlerfacs) (128'C Full Scate)

FIGURE 14. Temperalure To Digilal Conveiler {Paralie) TRI-STATE™ Culpula tor
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Typical Applications (Contnued)
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Trie Ry for Va=3.075V

TAm Rg Jor Vo= 1.955%

Trim R for Ya= G075V + TO0MVIG X Tyrpierg
Example, Va=2275V &t 22°C
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FIGURE 15. Bar-Giraph Temperalure Display (Dol Mads)
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FIGURE 16. LM35 With Voltage-To-Frequency Converler And Isolated Outpul

{2'C 1o +150°C; 20 Hz to 1500 Hz)
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Block Diagram
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Order Number LM35CZ, LM3SCAZ or LM35DZ
NS Package Number Z03A

LIFE SUPPORT POLICY
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systems which, (a) are inlended for surgical implant suppoil device or system whose lailurs to parform
inlo 1he body, or (b) supporl or sustain life, and can be reasonably expecled lo causs the failure of
whose fallure to perform whan propedy used in the Ble suppart device or system, or to aHect ils
accordance with inslructions for use provided in lhe safely or effeglivenass.

labeling, can bo reasonably expected to result In a
significant injury fo the user,
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DS18520

General Description

The DS18520 digital thermom eter provides 9-bit Celsius
temperature measurements and hasz an alam function
with nonvolatile user-programmable uppet and lower Irig-
ger points. The DS18520 communlcates over a 1-Wire
bus lhal by definiion requlres only ona dala line (and
ground} for communleation with a cenlral microprocessor,
In additien, Ihe DS18520 can derive power diredly from
the data fine ("parasite power"), ellminating the need for
an axternal power_supply,

High-Precision 1-Wire Digital Thermometer

Benefits and Features

Unlque 1-Wire® Interface Requires Only One Pert
Pin for Communieation

Maximize System Accuracy In Broad Range of

Thermal Managemenl Appllcations

* Measures Temperatwres from -55°C to +125°C
(-67°F to +257°F)

» #.5°C Accuracy from -10°C to +85°C

+ 9-Bit Resolution

70

—No-Extemal Components - Required

Each D518520 has a unlque 64-bit serfal code, which
allows mutltiple DS18520s Lo function on the same 1-Wire
bus. Thus, it Is simple lo use one milcroprocessor to
controt many DS18520s dlstributed over a larga area.
Applicalions that can beneft from thls featwe Include
HVAC environmental conlrols, lemperature monitoring
systems Inside buildings, equipment, or machinery, and
process monltoring and control syslems,

Applications
¢ Thermostatlc Gonltrols

Parasile Power Moda Requires Only 2 Pins for

Operation {DQ and GND)

Simplifies Distributed Temperature-Senging

Applications with Multidrop Capabifity

* Each Device Has a Unlque 64-Bit Sedal Goda
Stored In On-Board ROM

Flexible User-Definable Nonvolatije (NV) Alarm Settings

with Alarm Search Command Idenlifies Devices with

Temperallres Oulside Programmed Limits

Available in 8-Pin S0 (158 mlls) and 3-Pin TO-92

19-5174: Rav X 4H5

o Industrlal Systems Packages
+ Consumer Preducis
+ Thémomelers . P
» Thermmally Sensitive Systems Pin C(mf'guratm"s
TOP vEW
L]
0818520 el amL
s s ne[ 7 || DSi8520 | 7 Jue
v [ 5§ ENEL
[T} [ 3 Jao
50 (150 mibs)
5185207)
SN0 DA vap
Ordering Information appears at end of dala sheet. BOTTOMVEY
1Wire & a pgidemd lrdemark of Maxim infegreled Preducs, nc. m‘;?'g:zzo,
maxim
integrated.




D518520

Absolute Maximum Ratings

Voltage Range an Any Fin Refalive lo Ground ....-0.5V (o +6.0V Storege Yemperature Range..........

Conlinuous Power Disspalion (Ta = +70°C) Lead Temperature (sotdering, 10s) .. e F260°C
&-Pin SO (derale 5,0mW/C above +70°C).............470.6mW Soldering Temperaturs (reflow)
3 Pin TO-82 (derale 8.3mWFC above 470°C)........... 500mW Lead{Ph}-trea.....

Operaling Tempesature Range..

Thise At 27305 ralingd ony and Fundtional gperalion of bhe de#os ol ihane o any ol s OO Above Lo se Inocal & in Lhe operation sectiona of tHis specliowtion 1§ nof rpbed. Expoxry

.................... -55°C to +125°C Containing lead{P|

Jo abachia markoum pling toncind bor #aicrled periods of lime mey wfied rebatily

High-Precision 1-Wire Digital Thermometer

55°C to +125°C

L A260°C
2 +240°C
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DC Electrical Characteristics
(Vppt 3.0V 1o 559, T = 5550 |0 +125°C, unjess otherwlks noled:)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Vollage Voo Lotal Power (Note 1) +3.0 +5.5 A
Parasite Power +3.0 +5.5
Suy Voflaga v Mote 1, 2 v
Pulup Supply Voltag A ol Power ‘ . a0 Voo
-10°C to +85°C 10.5
Thermomeler Ermer terR - {Nots 3) *C
-85°C lo +125°C +2
Input Logle-Loa ViL Note 1, 4,5) -03 +0.8 v
Local Power +2.2 The lower of
Input Logic-High Viy {Note 1, §) I 550rVpp v
Parasite Power +3.0 +03
Sink Current I Vyo = 0.4V (Nela 1) 10 mA
Standhy Current Ions Note 7, 8) 750 1000
Aclive Current Ipny Vpp = 5V (Nate 8) 1 15 mA
DQ Input Current Inq {Note 10) 5
Drifl (Mols 11) 10.2 °C
Note 1 All vollages are relerenced to ground,
Note 2: The Pullup Supply Voltaga spedfication assumas that the puilup device is kdeal, and therefore the high level of tha pul-
lip ks equal to Vpy. In onder 1o meel the Vy,, spec of the DS18520, the actual supply rafl for the strong pullup transistor
must include margin for the voltage drop across lhe transislor when i is tumed on; thus; Yeu_actual = YeU_IDEAL +
VIRANSISTOR:
Note 3: See typleal performance curve in Figure 1.
Hote 4: Loglo-low vaiages are spedfied al a sink current of 4mA.
Hols 5: To guarantee a presente pulse under low vollage parasita power condlions, VILMAX may have to be reduced to as
low as D.5V.
Hete 6: Logic-high vollages are specified al a source current of 1mA.
Note 7: Slandby eurrenl specified up to +70°C. Standby current typleally Is A al +125°C.
Nota 8:  To minimize Ipps, DQ shoud be within the following ranges: GND < DQ s GND + 0.3 or Vpp — 0.3V £ DQ s Vpp.
Note 9 Aciive current refers lo supply current during aclive lemperature converslons of EEPROM wries.
Nots 10: DQ Bna [s Hgh (high-Z" stale).
Hote 11: Lrif data [s based on a 1000-hour slress lest al +125°C with Vg = 5.5V,

wwwmaximintegrated.com Maxim Inegtated | 2



DS18520 High-Precision 1-Wire Digital Thermometer

DS 12524 TYPICAL ERAOR CURVE
a5
04 % -
g 6 +B ERRQR
g o [ I ]
Y]
. ———
] S g i o
LA ERPOR ——
Ay l
05 L
o 1 20 » » 50 o w
TEWPERATURE [*C)
Flgura 1. Typieal Performance Curve
AC Electrical Characteristics—NV Memory
Vpp = 3.0V la 5.5V, T = -55°C to +100°C, unless ciherwise nolad.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
NV Wita Cycla Time YWWR 2 10 ms
EEPROM Wites Negwr -55°C o +55°C S0k wiites
EEPROM Data Relention treDR -55°C to +55°C 10 years

AC Electrical Characteristics
(Vpp = 3.0VIe 5.5V, Ty = -55°C to +126°C, unless othervisa noled.)

PARAMETER SYMBOL CONDTIONS MIN  TYP  MAX { UNITS
Temperature Converson Time leony (Nole 12) 750 ms
Time lo Strong Puliup On Ispon Stanl Corvert T Command Issued 10 Vs
Time Shat tsior (Nale 12) &0 120 ps
Recovery Time lrec {Hote 12) 1 ps
Wite 0 Low Time: tLowg {Hote 12) 60 120 ps
Wria 1 Low Time Lot {Note 12) 1 15 1% ]
Read Dala Valid thoy | MNote 12) 15 s
Resel Tims High RstH | (Mote 12) 430 ps
Reset Tima Low tRSTL {Note 12, 13) 430 ps
Prasence-Delect High lepigH | (Mofe 12) 15 80 WS
Presence-Defect Low lepLow | (Nete 12) &0 240 Hs
Capadtance Cwirour 25 pF

Note 12: See the timing diaprams [n Fgure 2.
Nole 13: Under parasile power, if iRgrL > 960ys, a power-on resel may occur.

wwwmaxminegraled.com Maxim Irdegraled | 3
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D518520 High-Precision 1-Wire Digital Thermometer
14¥Va WRITE ZERO TBAE SLOT
E H Loy ) E
L I ! | START OF NEXT GYCLE
: i VAN
1Wa READ 7ERO TIME SLOT
- T i1 START OF NEXT GYCLE
=% | P !
i W
[P
+Wira RESET PULGE
RESET PULSE FROM HOST
(" Rm = RsTH
PRESENCE DETECT
14ka PRESERCE DETECT
—p PODH g— H
FoLow -
Figure 2. Timing Diagrams
Pin Description
PIH
HAME FUHCTION
T0-82 50
1 5 GND Ground
2 4 bQ Data Inpurt/Output. Open-drain 1-Wire interface pin. Alsa provides power 1o tha
device when used In parasite power mode (see tha Powerlng he DS 18520 settion.)
3 3 Von Cplional Vpg. Vpp must be groundad %3 operation in paratite power mede.
—_ 1.2,8,7,8 N.G. No Connection

wwwmaximiregrated. com
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DS18520 High-Precision 1-Wire Digital Thermometer

Qvarview Intemal eapacitor (Cpp}, which then supplles power to the
device when the bus s low. This method of deriving power
from the 1-Wre bus |5 relerred lo as “parasite power.” As
an alternative, the DS18520 may also be powered by an
external supply on Vpp

Figure 3 shows a block diagram of the DS18520, and
pln descriptions are glven In lhe Pin Description table.
The 64-blf ROM slores the device’s unlque serlal code.
The scratchpad memory conlalns Lhe 2-byte temperature

reglster that stores the digital cutput from the temperature - s
sensof. In addition, the scratchpad provides aceess to Lhe Operatlon——Measunng Telnperamre

1-byle upper and lower alamm trigger ragislers (T and The core functionality of the DS18520 [s iis direct-lo~dig-
TU- The Ty and Ty registers are nonvolatile (EEPROM), ital lemperature sensor. The temperature sensor output

50 Ihey will retain data when the device |s powered down.  has 9-bil resolutlon, which comesponds to 0.5°C. steps.
The DS18520 powers-up In a low-power ldle slate: lo

74

The DS18520 uses Maxim's exclusive 1-Wire bus piote- inifiate—atemperatic I I ——
oof tivat T slements ca ng one contr sion, the master must Issue a Convert T {44h] command,

signal. The contrel fine requlres a3 weak pullup resistor
since all devices are Inked o the bus via a 3-stale or ;ﬂg?ngtmeszo;‘l\:m.er?;: ::g:,s‘lger";:r;::l s:::ct‘:
gpendraln pert (the DQ pln In tha case of the DS18520). pad memory and the DS18520 refums lo its ldle state.
In this bus system, lhe mictoprocessor {the masler If the DS18S20 Is powered by an exiernal supply, the
devce) ldentifies and addresses devices on the bus master can issug “read-ime slols {see the f-era!Eus
gfggee:;: :i‘j‘:ﬁ” unlque 84-blt code. Because each System section) after the Converl T ¢ommand and tha
que code, the number of devices thal [ pe50 i raspond by ransmitiing O while the tem-
can be addressaed on oné bis is vitually unfimited. The peralure converslon Is In progress and 1 when the con-
1-Wire bus P'°‘°°P‘- l"d"'di'fg detgllct explanations of the verslon Is done. [fthe DS18520 is powered with parasite
oommands and Time slols,” Is covered In the 1-Wis Bus power, Ihls notification techhlgue cannot he used since
System sectloan, the bus must ba pulled high by a strong pullup during the:
Another feature of the 0518520 s the ability to operaie entira lemperafure converslon. The bus requiremerits for
withoul an external power supply. Power Is instead sup-  parasite power are explained In detallin the Powerdng The
plied through the 1-Wre pullup resistor via the DQ pln D3S18520 secon.
when the bus Is high. The high bus dgna) also charges an

Uy
o PARASITE POWER CLRCUIT ] LENORY
m CONTROL L0GIC pE18s20
TELPERATURE
SENTOR
INTERHAL Vio | sramRou
GHD Y 1)
T |7T ookt N eorien cemmoly
SCRATCHPAD
A ARL LOW TRIGOER {TL)
REGISTER [FEPROM)
Voo POWER-
N is"m“mil ™ 65 CRE
GENERATOR

Figure 3. DS18520 Block Diagram

wwwmariiminlegrated com Maxim Integtated | &



DS18520

The D518520 culput data is callbrated In degrees cen-
tigrade; for Fahrenheit applications, a lookup lable or
conversion routine must be used. The temperature data [s
stored as a 16-bit sign-extended two's complement num-
ber in the temperature register {see Figure 4). The sign
bits (5) indicate if the lemperature Iz posilive o negative:
for positive numbers § = 0 and for negativa numbers § =
1. Table 1 gives examples ol digital output data and the
corresponding lemperature reading.

Resolutions grealer than  bits can be calculated using the
data from the temperature, COUNT REMAIN and COUNT

High-Precision 1-Wire Digital Thermometer

Operation—Alarin Signaling

After the DS18520 performs a lemperalure conversion,
lhe lempemlure value |s compared to the user-defined
two's complement alarm trigger values slored In the
1-byte Ty and Ty reglsters [see Fiqure 5). The sign bl (5}
indicates if the value s positlve or negative: for positive
numbers S = 0 and for hegalive humbers S = 1, The Ty
and T|_reglslers are nonvolalile (EEPROM) so they will
retaln data when the device Is pewered down. Ty and Ty,
can be accessed through bytes 2 and 3 of the scratchpad
as explalned In the Memory seclion.
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RER= - 7
PER °C reglster is hard-wired to 18 {10h). Afler reading
the saatchpad, the TEMP_READ value is oblained by
truncaling the 0.5°C bl {bit 0) from Lhe lemperature data
(see Figure #). The extended resolution lemperature can
then ba calculated using the following equalion:

TEMPERATURE = TEMP_READ--0.25
_ COUNT_PER_G—COUNT_REMAIN

e thal-he COUNT-—=—rropTe & Hiough 1 of The lemperalura reglsier are used

In the Ty and T comparisen since Ty and Ty are 8-bit
registers. If the measwied tereperature |5 lower than of
equal 16 Ty, or higher than Ty, an alamm conditlon exlsts
and an alarm flag |e set Inside the DS18520. This fag Is
updated alter every temperalure measuremenl; therefore,
It the alarm condllion goes away, the lag will be terned off
after the next lsmperature conversion,

COUNT_PER_C
BIT7 BITS BITS BIT 4 BIT3 BIT2 BIT 1 BIT 0

wseyrE [ 2w [ e [ ] [ =2 | 2] 2o T = 7]
BIT 15 BIT 14 BIT 13 BIT 42 BIT 11 BIT 10 BT O BIT B

Ms sYIRl—F 52— 5 AT N\ S Y] [ s 1T s [ s [ s 1

S=SIGN

Frgure 4. Temperalure Regisier Format

- BITB BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
[ s | 26 | 25 | 25 25 22 2 | 20 ]
Figure 5. Ty and T Regisler Formal
Table 1. Temperature/Data Relationship
TEMPERATURE {*C} DIGITAL QUTPUT (BINARY) DISITAL OUTPUT (HEX}
+85.0 0000 0000 1010 1040 00AAR
+250 000D 0C0D 0011 DO10 0032h
+05 0000 0000 0000 G001 0001h
[ 0040 G000 BODO 6000 0000h
0.5 41111 4111 11 114 FFFFh
250 111 1111 11001110 FFCER
55.0 1111 1111 1001 0010 FFoZh

“The powor-ofi ose! value of Ihe temperalure registar is +85°C.

wwwiaximintegraled.com

Maxim Integraled | @



DS18520

The master device can check the atarm fag slatus of
all DS18520s on the bus by Issuing en Alarm Search
[ECh] command. Any DS18520s with a set alarm flag will
respond to the command, so the master can determine
exactly which D518520s have experlenced an alam
condilien. It an atarm condition exists and the Ty or T
setlings have changed, anolher temperalture conversion
should be done lo vatidate the alarm condition.

Powering The DS18520
The D518520 can be powered by an external supply on

which sliows the DS18520 to function- without a local
extemal supply, Parasite power (s very useful for applica-
tions that require remote temperalure sensing or those
with space constrainls. Figure 3 shows the DS18520's
pamasite-power conltrol elreuitry, which "steals” power from
tlhe 1-Wire bus via the DQ pin when Lhe bus Is high. The
stolen charge powers the DS18520 while Ihe bus is high,
and some of the charge Is slored on Ihe parasite power
capaclior (Cpp) lo provide power when the bus Is low.
When the DS18520 Is used In parasite power mods, the
Vpp pin must be connected lo ground.

In parasite power mode, the 1-Wire bus and Cpp can
provide sufficlent currenl Lo the D518520 for mast opera-
tions as ong as the specified liming and voltage requlre-
ments ara mel (sea the DC Elpclrical Characteristics
and the AC Elecirical Charactenislics), However, when
the D518520 Is performing lemperature conversions or
copying data from the scralchpad memory to EEPROM,

High-Precision 1-Wire Digital Thermometer

conversions are taking place or data Is belng copled from
the scratchpad to EEPROM. This can be accomplished
by using a MOSFET to pull the bus direclly fo the rail
a9 shown [n Figure 6. The 1-Wire bus musi be swiiched
to the strong pullup within 10uys {(max) after a Convent T
[44h] or Copy Scratchpad [48h] command is issued, and
the bus must be held high by Ihe pullup for the duration
of the conveislon (tcopy) or dala transfer (fyg = 10ms).
No other activity ¢an Lake place on Ihe 1-Wire hus while
the puliup Is enabled.

The D518520 can also be powered by the conventional
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E——method-of-conneding—an-edernal-power-supply-to-the

Vpp pin, 2% shown in Flaure 7. The advantage of this
melhod Is Lhat the MOSFET pullup |s not regulred, and
the 1-Wire bus is free to carry other traffic during the tem-
perature conversion lime,

The use of parasite power is nol recommended for tem-
peratures above 100°C since the DS18520 may noi be
able to sustaln communicallons due lo the higher leak-
age currents that can exlst at these temperatures. For
applications [n which such lemperatures are likely, It Is
strongly recommended that lhe DS18520 be powered by
an external power supply.

In seme diuations the bus master may not know whether
the D518520s on the bus are parasile powered of pow-
ered by external supplies. The masler needs thls informa-
Hon lo determine if the slrong bus pullup should be used
duilng temperature conversions. To get (hls Information,
the master can lssue a Skip ROM [CCh] command fol-
lowed by a Read Powsr Supply- Bah]-command-ollowed

Ihe operaling cuiment can be as high as 1.5mA. This
current can cause an Unacceptable vollage drop across
the weak 1-Wire pullup resistor and Is more curent than
can be supplied by Cpp. To assure that the DS18520
has sufficlent supply current, it Is necessary lo provide a
slirong pultup on the 1-Wiré bus whenever temperature

by a "read-time slot”. During the read-time slot, parasite
powered 05185205 will pull the bus low, and externally
powered DS18520s will let the bus remain high. If the
bus [5 pulled low, the master knows thal it must supply
lhe strong pullup on the 1-Wire bus during temperalure
conversions,

TG OTHER
A4l DEVICES

e D518520
Yru I &0 D Vo
W 1
ANG
e BUS

DS16S20 Voo
(EXTERHAL SUPPLY)
Vry o 0a Voo
¥ 1S v
ARD
1Wie BUS T0OTHER
+Whe DEVICES

Flgure 6. Supplying the Parasie-Powered DS18520 Dixing
Temperalua Conversions

www.maximintegrated com

Figure 7, Powering lhe DS18520 wih an Exlermal Supply
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DS18520

G64-Bit Lasered ROM Code

Each DS18S20 conlalns a unique 84-bit code (see
Figure 8) stored in ROM, The [east significant 8 bits of the
ROM code contaln the DS18S20°s 1-Wire family code:
10h. The next 48 bils contaln a unigue serial humber.
The most signifcant 8 biis contaln a eyellc redundancy
check {CRC) byte thal I calculated from the first 56 bits
of the ROM code. A delailed explanation of the GRC bits
Is provided In the CRC Gerestlon section. Tha 64-bit
ROM code and assoclaled ROM function controd logle
allow the DS16520 to operate as a 1-Wire davice using

High-Precision 1-Wire Digital Thermomeler

Byle 0 and byte 1 of the scralchpad contain the LSB and
the MSB of the temperature register, respectively. These
bytes are read-only. Byles 2 and 3 provide access to TH
and T registers. Bytes 4 and 5 are reserved for internal
use by the device and cannot be overwritten; these byles
will return all 13 when read. Bytes 6 and 7 contaln the
COUNT REMAIN and COUNT PER °C reglsters, which
can be used io calculate extended resolulion resulls as
explalned In the Operation-—Measuring Temperalurs
section.

Byte & of lhe scralchpad Is read-only and contains lhe
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e ey | et ey

the plu:wul FirtheTWire Bus-Systenrsection:
Memory

The DS518520's memory is ofganized as shown In
Figure 9. The memory conslsls of an SRAM scratche
pad with nenvolatite EEPROM storage for the high and
low alam frigger registers (TH and Ty). Mole that if the
DSE18520 alarm fundion Is not used, tha Ty and Ty reg-
Isters can serve as general-pwipose memory, All mem-
ofy commands are desciibed in detail in the D518520
Function Commands sedlon.

CRC-tmwie for- bytes 0~ troog 7 of " theE 2EraIRhpad;
The DS18520 generates thls CRC using the method
described in the CRC Generalion section.

Data |s written lo Bytes 2 and 3 of lhe scratehpad using
the Write Scratchpad [4Eh] command; the data must ba
lransmitted te the 0518520 slarting with the least signif-
cant blt of byte 2. To verity data integrity, the scratchpad
can beread (using the Read Seralchpad [BEh) command)
after the data Is wiltten, When reading the scralchpad,
dala |s transferred over lhe 1-Wire bus starling with Lhe
least significant bit of byte 0. To Iransfer the Ty and Ty
data from the soratchpad lo EEFRCM, the master must
I$sue the Copy Scratchpad [48h] command,

I 8-BIT CRC | 48-BIT SERIALNUMBER I E-GITFAMILY CODE (1o |
MsB LsB MsB LSB MsB LS8
Flgure 8. 64-Bi Lasersd ROM Codd
SCRATCHPAD
{(POWER UPSTATE)

BYIED | TEMPERATURE LSB (AR .

e [ewemnresseen ) 0 EepROM

BYTEZ | Ty REQISTERORUSER EYTE 1" 1 T REGISTER OA USER BYTE I

BYTEI | TLREGISTER OR USERBYTE 2 -t #~ TLREQISTER OA LSER BYTE?

BYTEA | RESERVED Frh)

BYTES | RESERVED FN}

BYTES | COUNT REMAM [ocn)

BYTE? | COUNTPER“C (104

BYTES | CRor

FOWERAP $TATE DEFEMDS ON VALUE(S) STORED i EEPROM.

Fgure 8. DS18520 Msmory Map
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DS18520

Dala In the EEPROM registers Is relalned when tha
device is powered down; sl power-up the EEPROM data
Is reloaded Inlo the comesponding scratchpad locations.
Data can also be reloaded from EEPROM lo the scratch-
pad al any ime using the Recall E2 [BBh) command.
The master can issue “read-time slots* (ses the 1-Wire
Bus System section} following the Recall E2 command
and the DS18520 will Indicate the status of the recalt by
transmilling © while the recall Is In progress and 1 when
the recall Is dona.

CRC Genoaration

High-Precision 1-Wire Digital Thermometer

The equivalent pelynomlal function of the CRC {ROM or
s¢ratchpad) Is:
CGRC =X8 4+ X54 X4+

The bus master can re-calculate the CRC and compare )|
to the CRC values from the DS18520 using the polyno-
mial generator shown In Figure 10. This cireuit consists
ol a shif reglster and XOR gates, and the shift reglster
bits are inllalized to 0. Slaring with the least slgnificant
bit of the ROM code or the least sgnificant bit of byte 0
In the seratchpad, one bit at a time should shited Into the
shift register. Afler shifting in the 58th bit from |lhe ROM or

78

CRC bytes are provided as part of the DS18520's 64-bit
ROM cede and In the 9th byte of lhe scratchpad memory.
The ROM code CRC Is calculated from the first 56 bits
of lhe ROM code and [s conlalned In the most slgnlficant
byte of the ROM. The s¢ralchpad CRG |s calculated from
the data stored In the seratchpad, and therefore it chang-
es when the data In the scratehpad changes. The CRCs
provide the bus master with a method of dala valldation
when data Is read from the DS18520. To verlly that data
has been read correclly, Lhe bus masler must re-caleulate
the CRG from the recelved dala and then compare this
value to either the ROM code CRC (for ROM reads) or
to the scralchpad CRC (for scratchpad reads). Jf tha cal-
aulated CRC malches the read CRG, the dala has been
received emor frea. The comparison of CRC values-and
the declslon to conlinue with an operalion are determined
enlirely by the bus master. There Is no circuitry inside lhe
DS18520 that prevents a command sequence from pro-

& TRoST sighimcant BR of byla 7 Trom the scrfalchpad, the
potynomlal generator will centaln the re-calkculated CRC.
Next, the 8-blt ROM cade or scratchpad CRC from the
DS18520 must be shifted Inlo Lhe circuit. At this polnt, if
Ihe re-calculated CRC was correct, the shift register will
conlaln all Ds, Additional Information about the Maxim
1-Wire cyclic redundancy check is available In Application
Note 27: Understanding end Using Cyclic Redundancy
Checks with Maxim [Buiton Products.

1-Wire Bus System

The 1-Wite bus system Uses a single bus master o con-
tie] one or mere slave devices. The DS 18S20s atways a
slave: When lhere Is only one sfave on the bus, the sys-
tem Is referred to a3 a *single-drop™ system; the system Is
"mutlidrop"” if there are mullple slaves on the bus.

All dafa and commands are transmilted |east significant
bt first over the 1-Wire bus,

ceading Itthe DSTA520.CRCAROM-or seratehpad)- does—Trafoliowing diseassion of Whs T-VWie bus system 18

not malch the value generated by the bus master.

broken down into three loples: hardwara configuration,
transacton seguence, and 1-Wire slghaling (slgnal types
and {iming).

Figure 10, CRC Gensralor

www.maximimegraled com
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DS18520

Hardware Configuration

The 1-Wire bus has by defirition only a <ngle data jine.
Each device (master or slave) inlerfaces lo the data line via
an open draln or 3-state porl. This allows each device to
"release” the dala line when the device Is not transmilting
data so the bus is available for use by another device, The
1-Wire port ofthe DS18520 (lhe DQ pin) Is open draln with
an Internal drcuit equivalent to Ihat shown In Figure 11.

The 1-Wire bus requires an external pullup reslstor of
approximately 5k(); thus, the Idle state for the t-Wire

bus Is high. If for any reason a Iransaclion needs to be ROM Cormmands

High-Precision 1-Wire Digital Thermometer

Initialization

All ransactions on the 1-Wre bus begln with an initlaliza-
tion sequence. The Iniakzatlon sequence consists of a
reset pulse transmitted by the bus master followed by
presence pulse(s) transmitted by the slave{s). The pres-
ence pulse lets the bus master know that slave devices
(such as the DS18520} are on the bus and are ready
to operate. Timing for the reset and presence pulses Is

detailed In the 1-Wire Signaling section.

79

transaction 1s to resume. Infinite recovery lime can octur
between blls so long as the 1-Wire bus Is In the Inactive
(high) state during the recovery peilod. If the bus|s hetd
low for mere than 480us, all components on lhe bus wil
be reset.

Transaction Sequence
The transaclion sequence for accessing the DS18520 s
as foflows:

Step 1. Inftiallzation

Step 2, ROM Command (followed by any required data
exchange)

Step 3. DS18520 Funclion Command (followed by any
requlred data exchange)

It Is very Important to follow this sequance every ime the

D318520 Is accessed, as the DS18520 will nol respond

Exeeptions to this rule are the Search ROM [FOh) and
Alarm Search [ECh} commands. After Issulng efther of
these ROM commands, the thasler must relum to Step 1
In the sequence.

Yo
DS18520

““’g 1.Wus PORT
Re O(I L BUS £ ) i Rx
Sk l b
m* 000 i
?\: WOSFET

R = RECENE

T = TRANSIAT

Figure 11. Hardware Corfiguralion

Buiton is & registerod i deman of Maxim Infegraled Produd s, Inc.

wwwimaximirtegrated.com

ERPENIE, 1WE BUS MUST B8 Tel 10 The 1016 Safe B the  Afer the BUS THESEN 118S d¥EiEd 3 presence pulse,

can lesie a ROM command. These commands operale
on lhe unigue 64-bit ROM codes of each slave device and
allow the master to slngle out a speclfic devce if many
are present on the 1-Wire bus. These commands also
allow the master fo defennine how many and what types
of devices are present en the bus of if any device has
experlenced an alamm condition. There are five ROM com-
mands, and each command is & bits long, The master
device must [ssue an appropdate ROM command before
Issulng a DS18520 function command. A flowehant for
operaon of the ROM commands s shown In Figure 18,

Search Rom [FCh]

When a system |s initially powered up, the master must
Identify the ROM codes of all slave devices on the bus,
which allows the master to determine the aumber of
slaves and thelr device types, The master eams the ROM
codes through a process of eliminallon that requires the

FLany_sleps.ln.ﬂ-ne_sequenoa-are-mrs'sing-or—mﬂ-of—orden—m-a—s,e—na—p—e—,w—s—ﬁgma #areh ROM cydle (1. &, Search HOM

command followed by data exchange) as many times as
necessary te [dentify all of the slave devices. IFthere ts
only one slave on the bus, the simpler Read ROM com-
mand (see below) can be used In place of the Search
ROM process. For a delalled explanation of the Search
ROM procedure, refer Lo the jBittoh® Book of Slandarda
al www.maximintegrated.convibutionbook. After every
Seaych ROM cycle, the bus master mus! retumn to Step 1
(Infttalizatlon) In the ransaction sequence,

Read ROM [33h]

This command can onky be usad when [here Is one slave
on lhe bus. If allews the bus master to read the slave's
64-bit ROM code withou! uslng the Search ROM proce-
dure. H lbls cemmand Is used when there Is more lhan
one stave present on Lhe bus, a data collision will eecur
when all the sfaves aliempl lo respond al the same lime,

Maxim Infegrated | 10



D518520

Match ROM [55h]

The match ROM command followed by a 64-bit ROM
code sequence allows the bus master to address a
specific slave device on a multidrop or slngle-drop bus.
Only the slave that exactly matches the 64-bit ROM code
sequence will respond to the function command Issued
by the master; all olher slaves on tha bus will wait for a
reset pulse.

Skip ROM [CCh]

The master can use thls command to address all devices

High-Precision 1-Wire Digital Thermometer

Alarm Search [ECh]

The operation of this commandIs 1dentical lo the operation
of the Search ROM ¢ommand excepl that only slaves with
a set alarm flag Wil respond. This ¢command allows the
masier device to deletmine if any DS18520s experehced
an alami conditlon during the most recent lemperalure
conversfon. After avery Alarm Search oyde (le,, Alarm
Search command followed by dsla exchangs), the bus
master must retumn to Step 1 (Iniiahization) In the ransac-
lfon sequence. Sea lhe Opsmlicn—Alarm Signaling sec-
tion fof an explanation of alarm flag operalion.

80

on the bus simultanecusly vithout sending-out sny-ROM

oode Information. For example, the master can make all
DS18520s on the bus perform simultaneous temperature
conversions by Issuing a Skip ROM command followed by
a Cohvert T [44h] command.

Nole that the Read Scradchpad [BEh) command can fol-
low the Skip ROM command only If Thera s a single slave
device on the bus. In this case, time (s saved by allowing
lhe master to read from the slave without sending the
device's 64-bit ROM code. A Skip ROM command followed
by a Read Scratchpad command will cause a data eolfislan
on the bus i there Is more than one slave since muftipla
devices will atternpt to transmit data simudtaneously.

Table 2. D818520 Function Command Set

0518520 Function Commands

After the bus masler has used a ROM command lo
address the DS18520 with which it wishes lo commun)-
cale, the master can kssue one of the DS18520 function
commands. These commands allow the master lo wita
Io and read from the DSt8520's scratchpad memory,
Inltiate temperalure conversions and deteimine the power
supply mode. The DS1B520 funclion commands, which
are described below, are summarized In Table 2 and lilus-
traled by the Bowchart In Figure 17.

+-Wire BUS ACTIVITY AFTER
COMMAND DESCRIPTION FROTOCOL COMMAND 48 ISSUED NOTES
TEMPERATURE CONVERSION COMMAMDS
. DS 18520 trarsmils conversion stalus
Converd T h’mle;::meratum to masler (nol applicable for parasite- 1
powered DS18520s)
MEMORY COMMANDS
Reads Lhe enlire scralchpad 0S18520 ransmila up to 9 dala
Read Scralchpad | o o ding the CRC byle. Beh byles o masler. 2
Wites dala Into scratchpad Master lransmils 2 dala byteslo
Whta Scralchpad. | e 2 and 3 (Tygand T). 4Eh 0518520, 8
Copies Ty and T dala from the i
Copy Scralebpad | _ 01 nadtc EEPROM. A8h Nopé 1
Recalls Ty and Ty dala from DS18520 (ransmi{s recall statua o
Recall EX EEPROM to the seralchpad. B master,
Read Power Signals DS18520 power supply Bdh DS 18520 transmils supply status to
Supply mode lo the masler, masier,

Hola 1: For parasile-powered DS185209, the master must enable a strong pullup on the 1-Wire bus during lemperalure conver-
sions andg coples from the scratchpad to EEPROM. No other bus aclivity may lake place during this ime.
Hote 2: The master can interrupt the transmission of data at any Eme by Issuing a rasel.

Heote 3: Both byles must be wiilen before a reset |s issued.

wewmanimintegraled com
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Convert T [44h]

This command inftiates a single temperature converslon,
Following the convetslon, the resulting thermal data Is
slored In the 2-byte temperature reglster in the serstch-
pad memory and the DS18520 retums 10 its low-power
idfe stale if the device Is belng used In parasite power
mode, within 10us (max) after this command Iz Issued the
master musl enable a strong pufivp on the 1-Wire bus for
the duration of the conversion (Loony) as described Inthe
Powsring The DS518520 section. i the DS18520 |s pow-
efed by an extemal supply, the master can Issue read-

will reapond by lrans.rnlﬂlng 0 v'hlle 1he temperatura con=
version is In progress and 1 when the conversion I$ done.
In paradte pewer mode this notification lechnique cannot
be used since the bus |s pulled high by the strong pullup
during the conversion.

Write Scratchpad [4Eh]

This command alkews the master to write 2 byles of dala
to the DS18520's scratchpad, The first byte Is written Into
the Ty Tegister (byte 2 of the scralchpad), and the second
byte is writlen [nto the Ty, register (byte 3 of the scratch-
pad). Data must be ransmitled [east significant bit first,
Both bytes MUST be wrilfen before the master ssues a
teset, or lhe data may be corupted.

Read Scratchpad [BEh]

This command allows the master to read the contents of
lhe scratchpad, The dala transfer starts with the leasl $ig-

until the 9th byte (byte 8 - GRC} Is read. The masler may
Issue a teset to lerminate reading at any time i only part
of lhe seratchpad data is needed.

wawInaximintegrated. com

High-Frecision 1-Wire Digital Thermometer

Copy Scratchpad [48h)

This command coples the contents of the seratchpad Ty
and T_reglsters (bytas 2 and 3) to EEPROM. Ifihe device
is being used In parasie power mode, within 10us (max)
after this command Is Issued lhe masier must enable
a slrong pullup on the 1-Whre bus for at leasl 10ms as
described In the Powering The DS 18520 section.

Recall E2 [B8h)
This command recalls the alarm trigger values (Tyy and
T|_) from EEPROM and places the data In byles 2 and

81

p chpadmemory~The-mhacier
devlce can Issue 1ead-lme stois following the Recall E2
command and the DS18520 will Indlcate the status of the
recall by [ransmilling O while 1he recall |s In progress and
1 when the recall is done. The recall operation happens
eutomatlcally al power-up, so valid daia Is available in
the scralchpad as soon as power |s applied to he device.

Read Power Supply [B4h}
The masler device Issues this command followed by a

read-time slot o determine if any D518520s on Lhe bus
are using parasité power, During the read-tme slot, para-

site powered D518520s5 Will puil the bus low, and exter-

nally powered DS18520s will let the bus remaln high. See
the Powering The DS18520 sechion for usage Information
{or thls command.

1-Wire Signaling
The DS18520 uses a stict 1-Wire communication pro-

nificant hit of byte f and continues through the scratehpad —toeol-lo-ensure-dala—tegrity—Several-signaHypes—ate

defined by thls prolocol: reset pulse, presence pulsae,
wiita D, waite 1, read O, and read 1.All ihase signals, Wilh
lhe exceplion of the presence pulse, are Inliiated by the
bus master.

Maxim Integrated | 42
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Initialization Procedure—Reset And
Presence Pulses

All communication wilh the DS18520 beglns with an Ink
Galizatlon sequence that consists of a reset pulsa from the
master followed by a presence pulse from the DS18520.
This |3 |fusirated in Figura 12, When the D518520 sends
the presence pulse Inresponse lo the reset, tisIndicating
1o Ihe master that It 1s oh the bus and ready to operate.
During Lhe Inifalization sequencs the bus master trans-
mits (Tx) the reset pulse by puling the T-Wire bus low

for-aminimunof #80us"Fhe:hus: - :

the bus and goes Into receive mode (Rx). When the bus
Is refeased, the 5k pullup reslslor pulls the 1-Wire bus
high. When lhe DS18520 detecls Lhis islng edge, It wails
15us to 60ps and then transmits a presence pulse by pufk
Ing the 1-¥Wre bus low for 60s Lo 240us.

Read/Write Time Slois

The bus master wiites data to the DS18S20 during write
time slots and reads data from the DS18520 dwing read-
lime stots. One bt of data is ransmilled over the 1-Wire
bus per time dot.

High-Precision 1-Wire Digital Thermometer

Write Time Slots

There are two types of wiite time slols: "While 1" me slots
and "Write 0" ime sots. The bus master uses a White 1
time slot to write a logli 1 to the DS18520 and a White
0 time slof to write a logle O to the DS18520. All write
lime slols must be a minimum of 50ps in duration with a
minimum of a 1ps recovery time between individual wrile
slots. Belh types of wrile lime slots are initiated by the
master pulling the 1-Wire bus low (see Figure 13).

To generate a Whte 1 ime slol, afer pulling the 1-\Wire

82

uslowha-bis-ma

within 154¢. ¥When the bus s releasid, tha 5k pullup
redslor will ptl the bus high. To generate a Wite 0 ime
slot, after pulling the 1-Wire bus low, the bus master must
continus to hold the bus fow for (he durallen of the time
slot (at least B0ps). The DS18520 samples the 1-Wre
bus during a window that lasts from 150 o 60us after the
master Iniitates the wifte ime slot. If the bus Is high durlng
the sampling window, a 1 Is written lo lhe DS18520. If the
ine is low, a O is written to Lhe DS18520.

MASTER Tx RESET PULSE | 5=

MASTER Rt

proph <+ S0P MNBN, ——————————
DSiEsITa
BS185M — PRESENCERULSE —»

e wam

a NPWAN S FENA S

UNE TYPE LEOEND

== FF5 LASTER PLALINO LOW
. DSSH PLLLHA LOW
~—— RESETORPULLUP

Figure 12. Inklalzallon Timing

wwwmaximintegratéd.com
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High-Precision 1-Wire Digital Thermomeler

START START
OF sLaT 0F 5L0T
: |
; MASTER WRITE ¥ SLOT : i MASTER WRITE 1" SLOT
-—bi :-1— feTrec =
e e —_—
Bbyus T 2008 ] Ll—’lp!
VAU e e et e .
1 Wiee BUS f
T ===
DSIES M SAMPLES 03518520 SAMELES
L TP MAY A P X
. \
- S e 158 —b-!-q— s —w — 1345 el 155 e Ty —p
i ' 1
LASTER READ 9 5LOT MASTERREAD 1 SLOT
—H: h— fps < Taes < &
e
! LASTER SALPLES
j— 15 -u;

LFHE TYPE LEGEND
= BUS MASTER PULLING LOW
—— DS13520 PULLINO LOW

——= RESISTOR PULLLP

Figure 13. ReadWrite Time Slot Timing Diagram

wrw.m aximEntegraled com

Magm Integrated | 14




DS18520 High-Precision 1-Wire Digital Thermometer

Read-Time Slots

The $S18520 can only bansmil data to the master when
the mastey |ssues read-time slots. Therefore, the master
must generate readHime slots Immedialely after Issulng
a Read Scratchpad [BEh] or Read Power Supply [B4h]
comnmand, so that the DS18520 can provide the 1equest-
ed dala, In additlon, the master can generate read-time
Hots after [ssuing Convert T [44h] or Recall E2 [B&h] com-
mands Lo find out the slatus of the operallon as explalned
In the DS18520 Funclion Commands secilon,

All reac-lime slots misst bes 2 minimum of 60us in durslion Figure 14 llustrates that the sum of Tat, TRe, and

reéadHime slel, the DS18520 will begln ransmitling a 1
of 0 oh bus, The DS18520 transmits 2 1 by leaving the
bus high and transmits a 0 by pulllng the bus low. When
transmilling a 0, tha 518520 will releasa the bus by the
end of the time slot, and the bus will be pulled back to
s high Idle stale by the pullup resister. Qulput data from
Ihe DB1BS20 15 valld for 15ps after the falling edge that
iniiated the read-ime siot. Therefore, the masler must
refease the bus and then sample the bus state within
1545 from the slarl of the siot.

84

With 2 minlmum of a Tps recovery time between Sots. A
read-time slot s Initlaled by the master device pulling the
1-Wire bus low for a minlmum of 1ps and thén 1eleasing
lhe bus (see Figure 13). After the master Intlaies Lhe

TEAMPLE Must Be-ees U 150E for = Teat-tma 81t
Figure 16 shows that system Hming margin |s maximized
by keeping Tpyr and TRe as shoit as possible and by
localing the masler sample me during read-time slols
tewards the end of the 15ps perlod. :

)
—— Tarr iy ——————eh—— Ty —h'l VASTER SAMPLES

g

Frgura 14, Dafefed Master Read 1 Timing

Vi
Vel /{Vlﬂormsmz
ol
. ] ' H
Tor= | Toes ! I-HSIE.RSAWI.ES{ !
suALL ' sl I:.:
151 -J:
LN TYPE LEGEND
—— BUSMASTER AALBIO LOW
—— RESISTOR PULLUP

Figure 15, Recammendod Master Read 1 Timing
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High-Precision 1-Wire Digital Thermometer

ECh con
'ALARM SEARCH SKP ROM H
COLMAND - LOLRARD
T’ y
WASTER Tr 05 IS TLHT 0 05 18520 TIBT 0
B0 051850 T B¥ g D51is 0T BTy
DSBS Tx MASTER Ta BT A LIASTER, TeBET O
FAMLY CODE
18YIE
l, Moo 2]
) BTY N
VATCH? WITH AL
1T ST,
SERIAL HUMBER
6 BYTES ¥ ¥ ¥
l DS 18520 TeBIY |
pion |G st B
)\ MASTER T BT 1
BT\ - ol 7 BT
MATCHD MATCH?
" ¥
DS9S DT 5T 8
0518520 Te HT 0
MASTER Tz 31T 63
N
v

LASTER Tx NG TION
COMMARD (RCURE 17]

Figure 16. ROM Cammands Flowchan
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WASIER Ta R ™
PLRETH TELPERATURE,
COMMHD +

H PARNSITE T

D55 BEQNT
LONVERSION LS TER BUGLES
STRONO PLLLLP QX DO

DATA COPED FROM
SCRAIGPAM) TO CEPROM

LUSTER I ARLES
STROMO PALLLP

LASTERTa THBYIE
TOSCAATCHPAD

TR BCRATCHPAL

VASTER Ta Ty BYTE

TO SCRATCHPAD

¥ wsmER UASTER
Rah® Ryt

R
LIASTEA Re SORMCEFAD
RE BYIE

RETURN T0 MTALZATICH SEQUERCE
TFIOURE 15 FOR NEXT TRANSACTION

Figure 17. DS18520 Function, Commands Fiowchart
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Ds18520 Operation Example 1

In this example there are multiple DS18520s on Lhe bus and they are using parasite power. Tha bus master Initiates a
temperature conversien in a specific DS18520 and then reads ils scralchpad and recalculates the CRC to verify tha data.

High-Precision 1-Wire Digital Thermometer

87

MASTER MODE DATA {L5SB FIRST) COMMENTS

Tx Reset Masler issues resel pulse.

Rx Presence D5185203 respond with presence puse.

™ 56h Masler {ssues Match ROM command.

Tx 84-bit ROM code Madey sends DS18520 ROM code.

Tx 44h Madler lssues Converd T command.

= Dy s el d-Higi iy | M TS SppRET SO A PUBIR TS DO &7 (e draton df he——

diong pullup commisglon ficony)

Tx Reset Master issues rasef pulse.

Rx Presence D518520s respond with presence pulse,

Tx 55h Masles Issues Malch ROM command.

Tx 64-bit ROM code Masdler sends DS18520 ROM code,

Tx BEh Masler lssues Read Scralchpad command.
Masier reads entire scratchpad Including CRC. The master then

Rx 0 data byles recacufates lhe GRC of the first elw_l daia byles from Lhn seratchpad
and compares the calculated CRC with the read CRG {byla 8). If they
malch, the masler continues; if nol, the read operation is repealed.

D518520 Operation Example 2

In this example Ihere |s only one DS18520 on the bus and it [s usling parasite power. The master writes to the Ty and
Ty reglsters In the DS18520 scralchpad and then reads the seratchpad and recalculates the CRG to verity the data, The

master then coples the scratchpad contenls to EEPROM.

MASTER MODE DATA[LSB FIRST) COMMENTS-

Ta Rasel Mader issues reset pulse,

Rx Presence DS518520 responds with presenca pulsa.

T CCh Masler [ssues Skip ROM command.

T 4Eh Masler lssues White Scralchpad command.

Tx 2 dala byles Masger sends two data byles to scralchpad (T and T)

T Reset Masler issues rasel pulse.

Rx Presence DS18520 regponds with presence pulse.

Tx (=) Masdler Issues Sklp ROM command.

x BEh Master Issues Read Seratchpad command.
Master reads entire seralchpad inciuding GRC. The master ihen

Rot 9 dala bytes recaleuiales the GRG of the first eight dala byles from (he seratehpad
and sompares the edeulated CRE with tha read CRG (byte 8). If they
match, the masler conlinues; Il nol, the read operation s repeated.

Tx Reset Master Isaies reset pulss,

Rx Presence 518520 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 48h Master issuea Gopy Seratehpad command.

Tx DQ #ne held high by Maﬁal' applies strong pulkup lo D€ for at leasl 10ms while copy

siong pulup operation is In progréss.

wyawmaximirtegraled.com
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D518520 Operatlon Example 3

In thls example there Is only one D518520 on the bus and it Is using parasite power. The bus master Initiates a tempéra-
ture conversion then reads Lhe DS18520 seiatehpad and calculales a higher resolutlon result using the data from the
tempetature, COUNT REMAIN and COUNT PER °C reglslers,

88

MASTER MODE DATA (LSB FIRST) COMMENTS

T Resel Masléer |ssues resel pulss,

Tx Presence D518520 rasponds with presence pulse.

Tx GCh Masler Issues Skip ROM command,

Tx 44dh Master issues Convert T command.

Tx m:;:';:’ "" ey Master applies sirong puilup to DQ for the duration of the conversion {toony)-

Ta Reset Master Issues reset pulse.

Rx Prasenca DS1852) responds wilh prasencs plise.

Tx CCh Masler issues Skip ROM command.

Tx BEh Masler issues Read Soatchpad command.
Master reads entire scratchpad including CRC. The masler then recalculales
Iha CRC of lhe first eipht data byles from the saalchpad and compares

e adatab the calculaled CRC wilhthe read CRG (byte B). If they malch, the mader

abytes continues; if nod, the read operalion Is repeated, The master also caleulates

tha TEMP_READ valus and storss the conlents of the COUNT REMAIN and
Count Per °C registers;

T Reset Master Issues resel pulss.

Ry Presenca DS518520 responds with presence pulse.

V. _ CPU caculates extended resohdion temperature using the equalion in
the Operalion—Maasuring Tempsralura section.

vrww maximintegraled.com Maxim Inlsgrated | 19



DS18520

Orderlng tnformation

PART TEMP RANGE PIN-PACKAGE

DS18520+ -55°C to +125°C 3TO-62

DS18520+TER —55°C to +125°C 3 TO-92 (2000 Piece)

DS185820-SL+TER —55°C to +125°C 3 TO-B2 (2000 Piece)*

High-Precision 1-Wire Digital Thermometer

Package Information

For the latest package oulline Information and land pallems
{foolprints), go to www.maxmintegraled.com/packages. Note
that a "+', W, of “"in tha package code Indicates RoHS dalus
only. Package drawings may show a diflerent suffix characler, but
the drawing pertains fo \he package regardess of RoHS status.

DS185202 —55°Clo +125°C 850
DS18520Z+ —55'Clo+125°C 880
DS185202/TER —553°C lo+125°C 8 S0 (2500 Piece}

DS18520Z+T8R  -55'C10+125°C 8 SO (2500 Pieca)

89

tDenales a lead(Pb}-free/RoHS-compliart package. A*+"
appears on the lop mark of lead(Pb)-fres packages.

T&R = Tape and reel.

“TQ-92 packages in tape and resl can be orderad with straight
ar fomed Jeads. Choose "SL” for stralghl Jeads. Bulk TO-92
orders are stralght kads oniy.

PACKAGE PACKAGE OUTUNE LAND
TYPE €ODE HO. PATTERN NO.
850 58-2 24-0041 90-0096
371092 @1 210248 -
ATO-02
(formed leads) Q34 2-0250 -

wwwmaximintegrated com

Maxim Integrated | 20



DS518520 High-Precision 1-Wire Digital Thermometer

Ravision History

90

REVISION REVISION PAGES
C
NUMBER | DATE DESCRIPTION CHANGED
In the Ondesing Information lable, added TO-52 siralght-lead packapes and
0 408 inchuded & note thal the TO-82 packaga In 1ape and reed can be ordered with either 2
formed or stralght leads
Removed the Top Mark cofumn from the Ordeling Informalion table; added the
1 &10 cantinuolrs power dissipation and lead and soldedng lemperatures to Lhe Absokde 2,20
Maximum Ratings section
- K Updaled General Descrigtion and Banefits and Faalumss section and added .
POk NS section .
3 418 Revised Pin Configuralion and Omlering iaformeation 1.2
For ptidng, delivary, and ordering knfrmaticn, please contact Maxim Diacl ot 1-838 620 4842, o visit Madrt Infe praled’s webiie al wwsrmadma ed com.

Maxdn irdegraldd eanaol sastrma tasponsiiily for use of sy ¢ iowlry clber 1san crewlry ertirely o bodied in 8 Maxim integraled produel No cirewd pafend [oehses
a impled. Maxim infegraisd raserver the gl fo change the ciroultiy and specificalians witout rotioe ol any tine. The paransstriz valm s (min and max Gmls)
shown i Lhe Eleclical Chivacterisiz s fubde ars guarsriesd. Olhat paramsink: vaki s qucted it this dats shasl ars provided for guidance.

Maxim integraled and the Maxim Integraled Joga are brademarks of Mzdm Integrated Produchs, Ine © 2015 Maxim Integrated Products, Ina. ] 2
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NTC Thermistor: TTCO05 Series

®5 mm Disc Type for Temperature Sensing/Compensation

H Fealures
1. RoHS complian|
Body size ¢5mm
Radial lead resin coaled
-30 ~ +125°C operaling temparalure range
Wide resistance range
Cost eflective
Agency recognition UL /GSATUV/ICQC

N@ohwR

® Recommended Applications

1. Home appliances (air condilioner, relrigerator,
electric fan, electric cooher, washing machine,

icrowave oven, dnnking machtme, C TV Tas—
2. Aulomolive electronics

3. Computers

4. Digital meter

® Part Number Code

L1|2|3]4|5|s|7|a|9|1o]11|12|13|14—|

l T 1w [
L 4 ¥
Product Typs Bedy Ske Zaro Power Tolerance o Appesrance
Thinkdng [65 [ ¢5mm Reslstence Ha S | Staightlead Optlonal SuHix
TTG | NTC tnemlslor Al 25T (Ha) J 16, [ Kink fead
TTC type | Rzg+710002 K| so% ReHS
QU550) L sige Y compliant
015:150
050500
Raz 1000
101:100 0
6824800102
474470000 13
B Structure and Dimenslons
S type (Stralght lead) I type (Inner Kink lead)
&%max. Biar:
t—,v i
.
]
e,
. f'_@:_s; Birdn N
0540 03 Ak {Unit: mm}

wwithinking comite 200000

THINKING ELECTRONIC INDUSTRIAL Co., LTD,



NTC Thermistor; TTCO05 Series

@5 mm Disc Type for Temperature Senslng/Compensation

= Electrical Characteristics

93

Max | | jpermat | Operat
%Ii';s'::nwc?sr To!e‘r;nce Biam Power | Dissipation o Ternp:rera‘hl.:grs Salety Approvals
Pan No al 25°C R Valve Raling Factor | onctant Range
a25C ; ut |csal Tuv{cac
Ros(02) { %) {K) Pea(mW) | E{mW/C) | 1(Sec.) Ti~Tu(C)
TTCOS0050] 5 2400 J J ]
TTCO5010]] 10 2800 I} ) J
TTC050163 15 2800 LI IV N
TTCO50201 20 2800 Al J ! N
TTC05025{] 25 2900 N N o ad
TTCOS45! ] 45 3100 1Y} I} o Y}
TTC05050{ ] 50 3100 N ) of o
TTCH5060{ ] 60 3100 o 3 J o
TTCOGTU6 B —a2F =T =t ) 7
TTCOR080 ) o0 3200 N ¥ Al
TICD51010] 100 3200 J o Af o
TTCO51211] 120 3300 I\ o N i
TTCO51510] 150 3300 of A N sl
TYCD5201(] 200 3500 o of of A
TTC05221( ] 220 3500 o N al ol
TTC05251 250 3500 J o) A J
TTCO5301 300 3800 J o Al A
TTCO5471 470 3500 o s o S
TTC05010] 500 3700 ! W N sl
TTC05681] 680 3800 A ) Al )
TTCe57010] 700 3800 ) < J R
TTCO5102] §000 3600 J Al J J
TTC85152(7) 1500 3950 Approx. | Approx. | .. ] s o of
TTCos2020) 2000 51015 2000 450 45 26 J0~+125 Y " " p
TIC05222] 2200 4000 o o o ]
TTC05252] 2500 4000 Af J of Y]
| ITCus3nE] J000 4000 of S Y 3
TTC05332( ] 3300 4000 S o af s
TTC05402{ ] 4000 4000 4l al al ol
TTC054720]) 4700 4050 A o o o
TTCO5502{ | 5000 3950 J Al al Al
TTC056021] 8000 4050 A ) oJ J
TTC056620] 6600 4050 N Pl VE !
TTC05802(] BOOD 4050 N N o )
TTCO5103E] 10000 4050 o i 4 S
TTC51230] 12000 4050 J o o £}
TTC051550] 15000 4150 of o af af
TTCO52030 | 20000 4250 o o o o
TTC053030] 30000 4250 N NS o sl
TIC5473 ] 47000 4300 i ) ] )
TTCO5503 ] 50000 4300 Af o J S
TTCO5104) 100000 4400 N o Af o
TTC051540]0 150000 4500 Al N} Al af
TTCO5204 1 200000 4600 o J Y] ')
TTCO5224[ ] 220000 4600 AL It
TTCO54740 ] 470000 4750 ) ') o

Note : [] = Tolerance ol Ay
MNote2 - ULfile no, 133327
C35A file no. 97495
TUY lile no. R 50050155
CQC e no. CQCO5001011891 : CQCO5001011994

TFHINKING ELECTRONIC INDUSTRIAL Co., LTD.

www.thinking.comtyy 200800
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NTC Thermistor: TTCO05 Series

@5 mm Disc Type for Temperature Sensing/Compensation

u  Power Derating Curve

'y
g 00 Ty * Maximum operaling lemperalure (T}
"g: Ty : Minimum operaling lemperalure (C)
B
g For example : Ambienl lemperalure(Ta)=55C
; Maximum operating temperatore(Ty)=125T
= Pra=(Tu-Tal{Ty-25)xPmax =70% Pmax

T 1 ~

T|_ 0 25 TU

Amblent temperature {C)

®  R-T Characteristic Curves (representative)

TTC05005-TTCO5681 TTC05102~TTC05104
000 =1 ey
10600 f—
— e ]
B N
N
< L ")
5 EERES = g wih N
I hREeE g R
g S
AN NES 4
g 100 Pt 2 N \.\ ™
] [
o« B . g 3
NURE SN S SR NRSRA
[~ o e | T SRS R Ry Sy N ] 7] TTCos104
" . e e
o B B = SE
o e .
=L T R B RS 3
I — H&m:g a1 L | | n ~ B Fl: 2
TTCos00s — Hegelez
TRt
~]
2
mmr:s-lenmmaﬂoummmmmwonomm asl -
‘D Wl oW D N @ 5 To B 0O W 1201
_ Temperalure ()

Temperalure ('C)

TINNKING FIECTRONIC INDUSTRIAL Co., LTD,

www.ihinking. com. (w 200803
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NTC Thermistor;: TTCO5 Series

@35 mm Disc Type for Temperature Sensing/Compensation

Soldering Recommendatlon

¢ Wave Socidering Profile

4 Preheating Soldering Gooling
P60C Maxf======rn=a - -
1
1
1
2 :
E Note 2
g : ' NGB 17— (123 Jooe.
1
1 1 .
& 300 E i . Mote 2: Approx. 200°C lsac.
0 1l Nols 3: 5T/sec. (Max)
; :
1 ]
Tamb i E H
[} 1 1)
i i :
— o Time
30~80 sas. < 1sec. <10 ses.
L ]

Recommended Reworking Conditlons with Soldering Iron

Temperalure of Soldering lron-lip ‘360°C (Max,)
Soldering Time 3 sec {max.)
Dislance irom Thermislor 2 rm {min, }

THINKING ELECTRONIC INDUSTRIAL Cu, LTI

www. thinking com.tw




NTC Thermistor: TTCO5 Series

@5 mm Disc Type for Temperature Sensing/Compensation

B Rellabliity

97

Item Standard Tesl condilions / Methods Specificalions
Gradually applying the lorce specilied and kesping the unit lixed fos
1041 sec.
Tensile ] )
Strength of IEC60068-2-21 Tesminal diameter Force No visible damage
Terminals (mm) tkg)
03<d=05 05
0.5<d=0.8 1.0
Hold specimen and apply the force specified befow lo each laad. Bend
lha specimen lo 90°% then relurn o the orginal position, Bgmauma}
= PECE e T S PO s A T
Bending
Strengih of IEC60068-2-21 Terminal diameler Force Mo vislble damage
Terminals {mm} (o)
0.3<d=0.5 0.25
| 0.5<050.8 0.50
A least 95% of temminal
Solgarabiity | IEG60068-2-20 2351 5C, 2+0.5sec alectrode Is covered by
new solder
Resislance lo . No vislble damage
Solgering Heal IECE0068-2-20 260 5T, 1021ssc | ARasiPas | <3%
Tamlglegfglu're IECH00088-2-2 125 & 5 T, 10004 24 ws No visible damage
Stora - . | ARe/Ros | 5 5%
0
Damp Heat , : e, No visibla damage
Steady Sats IECB0068-2-3 40 22T, 90~95% RH, 1000 # 24 hrs } ARafFlzs | < 3%
The genditions shown below shall be repealed 5 cycles
. Slep Temparalora (T) Perlod {minules) No visible d:
Rapld Chamg of | 1Ece0068-2-14 1 3015 3023 | &‘" f"jage%
empegatite 3 Room lsmperalure 53 PorfFles | £ 3
3 126+ 5 30+3
4 Boom temperature 513
f ) No vlsible damage
Life Tes! IEC 605391 251 57, Pmax, X 1000+ 24 hrs | AR/R2s | 5 5%
. MIL-STD-202F 1 No visible damage
Insufation Test -Melhod 302 1000 Yoe 1 min =500 MO
i
I
!
: THINKING ELECTRONIC INDUSTRIAL Co.. LTD. i inking.comm. (w 2008.03



NTC Thermistor: TTCO05 Series

@5 mm Disc Type tor Temperature Sensing/Compensation
m Packaging

® Taping Speclfication

For 1 Type Only (inner kink lead)

0 Id

t
£ —
A

Ho
7/
of |o\ o t{elHs
A%‘ = . \K“
H— Po — \—Do
e=at, (Unit: man)
Ey
Taping Body | Pp Py P2 Py Hy W, W, W W A Dy 1
:5 Code Size | #0.5 | #0.7 | £1.3 | 205 | #0.5 | 21 | £05 | Max. | 0.5 | Max. | 202 | 202
A
$05 (127 | 36 | 635|127 | 16 i2 9 3 18 1 4 0.6
{Po=12.7)
E
¢05| 15 | 475 | 7.5 15 16 12 9 3 18 1 0.6
{Po=15.0)
m Guantity
® RBulkPacking: 200 pcsibag--
® Reel Packing: 2500 pcs/reel
40#1
Aext0 {UniL:enim)
® Ammo Paching: 2000 pca/box
W L H
248mm | 275mm | 60mm
THINKING ELECTRONIC INDUSTRIAL Co.. LT £y www.thinking com. tw

2008.03



NTC Thermistor: TTCO5 Series

®5 mm Disc Type for Temperature Sensing/Compensation

®  Storage Conditions of Products
® Storage Conditions |
1. Slorage Temperalure : -10°C~+40C
2, Relative Hurnidity : < 75%RH
3. Keep away from corrosive almosphere and sunfight.
@ Period of Storage : 1 year

99

THINKING ELECIRONIC INDUSTRIAL Ca., LTD, i www.thinking. com. {w
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