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Abstract

The project was created to reduce duration of Inspection the operation of the air
conditioning system. Because of the air conditioning system cannot know the status of
work at the moment that according to standard. Which to know late. May cause damage
to the air conditioning system. Make cost and time than necessary. This project will build
monitoring the air conditioner system for show the system status, presented by Real-
time such at this moment electrical current have lower or higher usage and monitoring
the condensing unit. This element could monitoring value and standard value to
operator can see also and operating the system, make it saving cost and time.
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2.2 Arduino Uno R3

Arduino Uno R3 1u Microcontroller board #ild ATmega328 1Ju MCU wdn %aﬁ’af’j
vedlvn Digital 14 91 Bunn/dmm (awnsavindu PWM 168s 6 1) uazflen Analog Bunmlédn
6 ¥, SufiAud 16 MHz i USB Connector ez Power Jack DC &4 Concept 984 Arduino
Board tvianiiternuszan felumsifeuseiiiuneufinmes aiusase USB Wnfudesaey
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2.2.1 ansNUAYas Arduino Uno R3
- Microcontroller ATmega328
- Operating Voltage 5V

- Input Voltage (recommended) 7-12V

- Input Voltage (limits) 6-20V

- Digital I/O Pins 14 (of which 6 provide PWM output)
- Analog Input Pins 6

- DC Current per I/0 Pin 40 mA

- DC Current for 3.3V Pin 50 mA

- Flash Memory 32 KB (ATmega328)

- SRAM 2 KB (ATmega328)

- EEPROM 1 KB (ATmega328)

- Clock Speed 16 MHz
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@ RESET

;
18FEB 2013 L e I

——EElrer-{ 21+ ocaa - ecivns (- MOS1

gﬂﬁ 2.7 Pinout Diagram 9949U83# Arduino Uno R3

2.3. \Guesinaamgil (DS18B20)

Digital Thermometer 1{uled Digital temperature sensors ¥e4f1e Dallas @150
winAgamgiindnensimoenuiduiineadslulassuiisunsurgamaiives

1
=

wsasUsuanaudhaneullulssunanaielvlulasroulnsaaesiiusdndulalunidenu

Vng [

g

(BOTTOM VIEW)

GND [

TO-92
(DS18B20)

JUT 2.8 uansnuurveudugesingunl DS18820
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Ground
1
DS18B20
Digital
g 2
4k7
3-5.5V
3

5t 2.9 uansnnslinuveaduiwesinguugd DS18820
2.3.1 AuANUAY2IDS18B20

- lussulwidsslurag 3.0V fa 5.5v

- 437 (m:ug‘dﬁ 1)

- Vaildaeauuy: normal mode (441 3 41) waz parasite power mode (4B 2 ¥1
A8 DQ uaz GND Tuunuzdivn Vddezsaiuan Gnd)

- annsathledumsreiuluddlavaisgunsal

[ =)

- Togunpillelutg -55 °C fia +125 °C

)}

- dAmusiugn £0.5 °C dwiugumgiilugig -10°C 69 +85°C

- flanuaziBesvasenfienls 12 On

- Manlunsulasteyadmiu ADC lsiiiu 750 msec dwmsudaya 12 On
- Tunsldauazdessie pull-up 4.7kQ Aiwn DQ Fuussiulnides

Veu

4.7k PARASITE POWER

CIRCUIT < MEMORY CONTROL

LOGIC

Y

) 7 T i
Q—{ TEMPERATURE SENSOR ]

64-BIT ROM
INTERNAL Voo AND ALARM HIGH TRIGGER (T,)
‘—" REGISTER (EEPROM
GND J._ Cre 1-Wire PORT SCRATCHPAD i '
ALARM LOW TRIGGER (Ty)
REGISTER (EEPROM)
CONFIGURATION REGISTER
PONER- ‘—’I (EEPROM)
Voo B - 5sems:i ]
<—;| 8-BIT CRC GENERATOR I

a

JU 2.10 wansufienlaasunsuvosduiresingugll DS18820

q Y



11

lassainsdameiniglures DS18B20 Tenwauzauandlugui 2 ziuliiusynould
P78 SRAM Scratchpad wum 9 lud waz EEPROM wunn 3 lud &sldifiudanmgliaean
(TH) saa(TLEmuSsuiisunsiindyaadeunaridawmesnuny

SCRATCHPAD (Power-up State)
hyte 0 Temperature LSB {50h) '
byte 1 Temperature MSB {05h) EEPROM

byte 2| TH Register or User Byte 1 |desseetp! TH Register or User Byte 1

byte 3| TL Register or User Byte 2 % »! TL Register or User Byte 2
byte 4 Configuration Register < - Configuration Reygister
byte 5 Reserved (FFhj

byte & Reserved {0Ch)

s ARSVRL N "Power-up state depends on value

byte 8| CRC store in EEPROM

3Uﬁ 2.11 wanalassastaneluves DS18820

o ado Y v a s = a w
Toyagaumgiininlizgniivegluidawes Temperature sdauin 16 On Fuanslugy

U
=

i 3 fhifeyagumgiduuin s sudu “17 uiihdoyaeumgiiiuay s wadu “0” lunsdld
DS18820 vinululnupanuaziden 12 On Tayndnluidames Temperature avgnldvun
wlunsdiivinendlulyun 9-11 9a Smane (Om 0 - O 2) wlignldau delunisimualin
ANuazBANTSYeIwYes DS18B20 tuaunsarmunldisaamned Configuration @slee
UnfiiFusiu DS18820 azvhendlilvius 12 s

bit7 bit6 bits bitd bit2 bit2 batl bit0

LS Byte i 2? 2 pAd 91 32 73 2+
bitl= bit14 bit12 bitl2 bitl1l bit 10 bit9 bit8

MS Byte S 5 S s S 26 98 74

Uit 2.12 Tassadumelu3danes Temperature LSB wag MSB
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2.4 Split-core Current Transformer SCT-013-030

Non-invasive current sensor \Juguigesinnsvuadmiutalwinssuasdy (AC) wuy
wnandndosans awnsadausiulitiuene 220 v 16 eansofanszualdgean 30 A 1%
i dunssiuriuneudnmesudauuuyilawun 3.5 mm Tneldrussiugaged 1 v dedn
nszuald 30A Tumsldnuiulilasreulnsaaeffosraniuisuensussiuneuseide uaie
Analog Input asnseldemldluanimndeniifigumail -25 s 70 ssmieadua AU
ihluldnseaeutiesiunemesnsuaady gunsalilliluszuudesaiaoiriosiuonnia

g‘lJ'ﬁ 2.13 uaeNanweas Split-core Current Transformer SCT-013-030

2.4.1 AeuanUAves SCT-013-030

- Core Material Ferrite

- External Material Plastic

- Input Current 0A - 30A

- Opening Size 13 X 13mm
- Output Plug 3.5mm

- Dielectric Strength 6000V AC / 1min



- Working Temperature

- Anti-Flaming rate

-25°C - 70°C

UL 94 - VO

- Mechanical >500 (20°C)
sos
13
Ip > &
;_ 1 — e @ 2 <P * lout
- > r Sl
3 /l'-:‘- SEAINIEE Current cutput type
1L 0ms
s ] Ip) ¢
i 11 > [ Vout
¢ [
21 Siei 4 VoRage oulpt type
Schematic diagram
Eront vew =
Oupt |
m—— | =
» 1. 5 >l _J
!@:dhﬂmm mbwmm
B Model SCT-013-000 SCT-013-005 | SCT-013-010 | SCT-013-015 | SCT-013-020
Input current 0-100A 0-5A 0-10A 0-15A 0-20A
Output mode Cumsnt/idm A Voage/1V VotagelV | Voltage/1V Vottage/ 1V
Moadel SCT-013-025 SCT-013-030 | SCT-013-050 | SCT-013-080 | SCT-013-070
Input current | 0-25A 0-30A 0-50A 0-80A
Cutput mode |r Voitage/1V Voitage/1V Voitage/1V Voltage/1V

§‘Uﬁ 2.14 uSanlaesunsuves split-core current transformer SCT -013-030

13
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2.5 LCD Character Display

99 Liquid Crystal Display (LCD) Lflufuau,amwa'giJmeﬁaﬁﬁwﬁmﬂﬁmuﬁ'uﬁ‘msw
aupinaileiiogsunsuats 9o LCD SvuuunanwaduiadnusySendn Character LCD @ed]
msthmuaishustesnussiienunsouanmalildogudn  uasuuuiienunsouanmwaituguamm
vizedtydnwallamuainudeinisvesgldeusondn Graphic LCD

2.4.1 Tn598519904 LCD

Trssadnaves LCD luazusenauiuseusiuuia 2 wHuUsznuiuey laaliugesinmss
nawld 6-10 lulasiwums Ranuluveswsuuiasindoumesshlwiuuuladielduansinsnys
pssnaeszwindahlihuudlasundninassifuresasivihlfluenavessdnsudaiily
fienefuasdosnnssnuionin  Alienment Layer  waswanmaildlaeraluasfuwuy
Magnetic g LCD  awmsoudssmaldisiweadiuléioms 3 wuusietude

- wuuldnisaevisuuas (Reflective Mode) LCD LLUUiﬂ*’umiUivLﬂw‘Iammaauaammu

wdweas LCD  F1 LCD U'ﬁvm‘wummuﬂUﬂ'ﬁumﬂﬂzjmu’LuwuLLaqm'mwa@wa

- uuuldnsdmy (Transitive Mode) LCD wuuinaviaenlnlignundn ievinliinng

FuAfiuanmariladaay

- wuudsHuuasAsTiaU (Transflective Mode) LCD wuuilifumsiniededivas

JeuanINe LCD W 2 Luusns i



Color Filter
Substrate

A} ITO Electrode
1 i
i 17
3!
' TFT
+ Substrate
l [ e
Polarizer

sVl 2.16 Tnsaaravialuves LCD

15
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N199DNLUULAZAITYINGIUVDILUSUATH

3.1 UAaNlAZINNYBITLUULERSKNE N1STII9ILLASeIUSUaINA

3.1.1 159851990955

1.38LCD

=

2.3995IngunYdl

U

32995 an5eualdn

Tnseadreves LCD vhlvasussneuiusisusunia 2 wiulsenuiuey Taofutesig
asnaald 610 llaswes fadulureusiuuiezindeusmeimilnfiuuuladelduans
fadnws  ssananssewinadathiiuuulatusdnivanssiduresansiivililuanavesdn
sshiulufieneiiuasdesnnssmuden Alignment Layer wavndniaafild

Taeviluasidunuy Magnetic

ABCDEFGHI JKLMNOP
abocdetghiJdk lmnop

U 3.1 99 LCD wuv Parallel 16 9
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M15197 3.1 A15190@A9 Pinout w8998 LCD

el e et R pacntian
1 VES/GND . . i Gr;eur]d
2 VDD +5VDC
3 VOVEE LCD Control dwdudvarudiuvowisnes
4 RS Register Select uwBuwmdwivdondvusndoyaluiiamed
5 RW ReadAwrite 1w Buvmd wivBonlvuniduumiosndoyn
6 E/EN Enable uuBummdwfudgn Pulse dedfisinmduuviogndoyn
T DED
2 DBl
¢ DB2
10 DBz Data Pins
1 DR4 8-Bit
12 DEB5
13 DEé
14 DBET
15 A {LED+) Juwn Voo dwifu LED backlight (5V)
16 K {LED-} Tuwn Gnd dwfu LED backlight (Gnd)

5.1.2 ATAUANNTITHEAANNAUDY LCD

Tunsmiuauvedsny fae LCD dudldmwaiugu (Controller) saalilusi
Wi dldansadasiaAdsniuaunisineueews LCD W Controller dnsiaensldy

wansnaneals lng LCD Controller
Tunsideuseszndng LCD fiu Microcontroller Sl
1. GND 1Juns1anldrasening Ground ¥845¥UU Microcontroller fiu LCD
2. veC ulwidsssasiidouldiu LCD wunm +5vDC
3. VO Tgusumuainsevitnae LCD
4. RS 4uanly LCD Controller n51u71 Code fidaumnswn Data Lﬁuﬁﬁqﬁa‘ﬁ’a:ﬁa

5. R/W l¥imuadnazguvsesidsudayaiu LCD Controller

6. E 18 Enable w3e Chips Select iierimuanisvhelsiiu LCD Controller



18

7-14. DBO-DB7 1Uuwdeysyiou Data lddmiuideunSesudoya/mds fu LCD

Controller

Fomsdsnuarwenenaiuly Tee LCD Controller  @unsasusiasideann

Microcontroller 1§ ndyanas RS RAW waz DBO-DB7 Tuanusdideyauna E fie Logic 1u

1
= o 1

“17 Jadyrauvantiagldsuwnuinesmunlusiamdsdmivdanu LD Tnevihiiveaud

8/
Ve o

avdryaunoasUladl

- £ 1Judtyyas Enable iiefiAnduy

“17 Wumsven¥ LCD wsudgunsainisusndesnisinsesuvieidioy

“0” T LCD luauladeysyinu RS R/W ag DB7-DBO

@ ] v ©

- RS Wudtygyradmurimuali LCD wsuingunsalneuendesnsinseriu LCD

v

i
[

Twrnztudusiardmiodoya Taod
RS = “0” nunefia Arda

RS = “1” vuneiis daya

o s

- RW Hudyaadmsuuenli LCD nsuigunsalneuendesniseunseidouriv

LCD Tneidn
R/W = “0” Mu8h Wiy

R/W = “1” nuney 914

v

- DBO-DB7 Hudganmuuy 2 fievne lnsavdniusivdyyin RW Tddmdusuds

Adsuazdayasynine LCD dugunsalniouen lauih RAW = “0” dtyryns DB7-DBO qxds

ngunsalmeuenand LCD wddh RAW = “1” dyaias DB7-DBO azdsnin LCD lush

@

gunInineuen
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¥

P 1 ar ' = as
3.1.3 MILvaUARHYIUUIVBLATENINY Microcontroller nu LCD Controller

nMsensedyqnuteyasening Microcontroller fiu LCD Controller asnsavin

161 2 vy Ap nsieusiawuy 8 Un (DBO-DBT)

X)) (UNO

LCD 16x2 Character

VR 10KOhm

U7t 3.2 miildlunisdionsioriu Arduino UNO R3

o y ol W i
A19197 3.2 Lanenns1eildlunisitiausadu Arduino UNO R3

‘SS/GND
VvCC VDD +5vDC
Signal VO/NVEE
- RS Digital Pin 12
RW Ground (l!‘l?'\.‘:ﬁ?ﬁ!}dﬂ'ﬂlﬁﬁu}
= E/EN Digital Pin 11
DB4 Digital Pin 4
DB5 Digital Pin 5
DB6 Digital Pin 6
- DBR7 Digital Pin 7
- A +5VDC
K Ground
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3.1.4 5188 UAAHI I UNNTHIINTZHUINY Arduino AU 98 LCD

'
o a

Fdslun1smauauae LCD 99 Arduino 1y 1 Arduino.cc Weudu Library unl
Woagmnlunmahlulion ndandesoedadeuios Tunsuusnlunsdudeulusunsy
fonsSenld Library w89 LCD 91nlWdde LiquidCrystalh wﬁ’qawnﬁumaﬁu‘iwﬁﬂaﬁ*ﬁuﬁ
dioglsthailddseniliive LCOMerdu LiquidCrystald); TuUsznimuidiosnisdedeyalud
99 LCD 31_1LLUU"L‘Lm’ﬁﬁLN’mﬁE]LiquidCrystal lcd(rs, enable, dO, d1, d2, d3, d4, d5, d6,
d7) lerdu begin0; M vunwuinvedae Tuunanuilisildaun 16 fshes 2 ussvin 3
Usemadiu \cd.begin(16, 2); flaiu setCursor(); Miimuasdumisuazussinves Cursor
WU led.setCursor(0, 1); Ae Tiiaeflwasluiidumis? 0 ussiadl 1 nmstfusumiaduein 0
oty LCD 16x2 fidumda 0 15 ussvin fie 0 fu 1 fladdu print(; T wundanui

Aoan1suans 1 led.print('Temp"); Ao TAuanstonu “Temp” aanniwminae LCD

#include <pallasTemperature. h>
#include <Liquidcrystal.h=

/7 dimitialize the Tibrary with the numbers of the interface pins
Liguidcrystal lcd(3, 4, 5, 6, 7, 8);

onewire onewire(2);
DallasTemperature sensors{&onewire);
void setup()

£

: lcd. begin(l6, 2);
sensors. begin();
serial. begin(9600);

%oid Toop()

sensors.requestTemperatures{);

float currentTempO;

currentTemp0d = sensors.getTempCByIndex{0);

float currentTempl;

currentTempl = sensors.getTempCByIndex(l);

float currentTemp2;

currentTemp2 = sensors.getTempCByIndex(2);
serjal.[@E("Temp0 = ");
serial.print{currentTemp0,2);
serial.print{"\t");
serial.print{"Templ = ");
serial.print{currentTempl,2);
Serial.print("\t™);
serial.print("Temp2 = ");
serial.print{currentTemp2,2)};

serial.print("\n");

gﬂﬁ 3.3 wanaluswnsunananga LCD
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3.2 2997ingaungdl ladTngaumngil DS18B20

]
s a o =)

uledningamgiiuarliduuuadvia WoussluguuuuvesdanBondt 1-Wire

3.2.1 ﬁayjm%umﬁmﬁmﬁﬂa% DS18B20
o lduseulidse vdd We veo) lalugas 3.0V 83 5.5V
o 3391 (@W5udi0e TO-92) Aip Gnd (Pin 1), DQ (Pin 2), Vdd (Pin 3)

o Tdulsiaoanuu: normal mode (I4%s 3 1) uaz parasite power mode (ldiies 2

91 A9 DQ uay GND Tuvauefivn Vdd azsiefiurn Gnd)

¥ w

o annsadleBunwissiedululaiien (dudyyiu DQ) livareaunsal

o Tumsldau szdosdo pull-up 4.7kQ (MSetleunitlfidntdeos) fivn DQ Auusediulw
I

as

o« Jngnmiilalugas -55 °C fia +125 °C
o fiArmuiugn £0.5 °C dwiugnumgilluaag -10°C i +85°C

o dpnuaziduauearneuls 12 Us (Resolution)

ot

o ldnalunsudasioyadmiu ADC ldifiu 750 msec @adduni) dwsudeya 12

Up
o loFusazdiivangauanizdl vue 64 Un (64-bit serial code)

o dmiunse)a DS18B20 Hrluddwmiy 8-bit family code m3ariu 28h (0x28) 1Uu

ludusnvaamnaavgunsal

neluled DS18820 fivieAud Uy SRAM aunmIng 9 Tud (Byte 0 fis Byte
9) uazliundn Scratchpad dnilavewnirenudtil slddmiunuagnmginlaainnis
onuuazulandudeyandvialuus azasa (14 2 Tud wazifivlilu Byte 0 uaz Byte 1) uasdadl

NM3AUIRIAT CRC (checksum) wunandalusisng (Aulslu Byte 8)



22

a o Y ; o A 1w al =
Tuns@eulusunsudmsu Arduino aweuseanuled DS18B20 atunsaldlausis
"OneWire.h" 484 Arduino e ldagainlunis@aulusunsy Wy iNen1sAURIiaeLa (64-
bit code) wesgUnsniisesgiuda 1-wire nsdsbiledmunuisiavgunsnisnuuazudasein

gaunil anduliusseziia1egnean 750msec WaIRe8UAIIAMUIEAINEY Scratchpad

Yp4lad

L% 1 1 d’} -2 v d b7 4 1 1o/ s i :l" s 1 dl’
TAnmatewalull ywihdiduniled DS18B20 neeagiuda 1-wire aslusogil

o
% =

o a o o . P
loldgunsal 2 9m  ¥1 DQ vesledusiazdn azhlusoiuan D2 wee Arduino wawiiunil
agdiowie 4.7kQ wuu pull-up fu +5v agée Toyalangunsniingumaiivasys

wvsngudernuiignadssinuma Serial (Baudrate 115200)

Einclude <oOnewire. h>

#include =«pallasTemperature.h>
#define ONE_WIRE_BUS 2

onewire onewire(ONE_WIRE_BUS)};
DallasTemperature sensors(&onewire);
vold setup(void)

serial.begin(9600);
serial.printin("pallas Temperature IC Control Library Demo");
sensors. begin{);

goid Toop(void)

float average = 0;
for{int 1 = 0; 1 < 1000; i++)

average = average + (.0264 * analogRead{a0) -13.51) / 1000;
Serial.printin{ "current done");
serial.print(" Requesting temperatures...");
sensors.reguestTemperatures();
Serial.printin("DoONE");
serial.print("Temperature for Device 1 is: ");
Serial.print(sensors.getTempCByIndex(0));

}de1ay(109@};

¥

o € w a
UM 3.4 wanwaifuiesingaumgil DS18820
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3.3 2995anszualnin

Juiild & R-Burden agnelu(Build-in) Iududiedinsldam Primary nszudlvanu
0-30A 114 Secondary fagiinssualvaniu R vinliAawsasu 0-1v Tae

Core material:Ferrite
Fire resistance property:in accordance with
LL 94-v0
Dielectric strength: 1500V AC/Imin SmA
(between shell and output)

Outline size diagram: (in mm}

32s08

x
&
¥ L] L. -
E _‘2' 0-30A
5 ~™
—p T Ip
= 115400 l Re Yout
3' Bulld-in 0-1V
=
Y Voltage output type
23 5204 T
22x .
Front Yiew Side View Schematic Diagram
Typical table of technical parsmeters:
input current | output voltage non=lincarity build=in sampling resistance (RL)
0-307 -1V TIs 620
turn ratio | resistence grade | work temperature |dielectric strength(between shell and output)
1800 1 Grade B =25T~470°C 1500V AC/1min Smd

U 3.6 uanseaziBunyas SCT-013-030
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weusstueanundu AC +-1v msdeddh lulasreulnsaaes lnense fisuldus DC
Aléfmuiils Tneld R wiausesfy 1fu 2.5V wasld ¢ dhednunsesusedulise Out ane T
snumiladrgn usedu 25V Bnshusiodh ADC veq lalase Ifusetuiiewild fawidu 2.5v
39 +-1V dudm ADC 1 10bit frftenuls fewdiu 511 +-fn ADC TiiinTuvioanas Us

aned +-204

) » LO Arduino 3V

—

A

rT% T 1

?
u A

&
I . Lo Arduino GND

, Lo Arduino aralog in

gﬂﬁ 3.7 uen9995U8 SCT-013-030

|// EmonLibrary examples openenergymonitor.org, Licence GNU GPL V3

#include "EmonLib.h" // Include Emon Library
EnergyMonitor emonl; // Create an instance

void setup()
serial.begin(9600);

emonl. current(0, 29); // current: dinput pin, calibration.

¥0id Toop()
double Irms = emonl.calcIrms(1480); // calculate Irms only

Serial.print(Irms*230.0); // Apparent power
serial.print(" ");

serial.printin(Irms*);

delay(1000); /7 Irms

fg‘dﬁ 3.8 wandlusunsunisianszualninuas SCT-013-030
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Il v o =
n1seassLUseanlaldu 2 nsneandfe
1. N5PARYIAAINSELA AU MEALaTINSYINUY
2. MINARBINAIMUNQI

4.1 N1SNAARIINAINIZIE LN NLASaIUSUINIATINGTU

4.1.1 Inquszasd
' = ) da v v
1) @unsansiuansenainin saaesaslsuainiavuznanslteaule

o 1 _av w = w1 - i a
2) a’lmiﬂmmﬁlﬂmmEJ‘UﬂUﬂ'lmmi’m LWBaWIAIAIUNANRIR VDN
o A L7 v
ﬂ'ﬁ‘ﬂ'N']ULﬂ'ﬁaQUﬁU@']ﬂ']ﬂuLﬂ

4.1.2 35n15NAa84

1) hyegunsalianszualnilt Aldasvumnasuiisuiv gamsesdein
= 1 = o @
WamAIALARIAeADY WazyinsUTuua

4 o ) v § o v o o
2) Wevihmsusuuiyngunsalinnszualniuds Adryrgunseiin
nszudlwihluBessdvanslnaes yadnniusupIoslsuenia
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4.1.3 NANIINAADY

= =l &
M19794M 4.1 Lang ﬂ']'iﬂaULVIEJUL%UL‘HE]‘J'J@H‘SA‘?LLH‘H‘I“NW

fluke

0.134
2.291
0.454
0.725
0.e82
1.189
1.325
1.479
1.641
1.871
2.059
2.29
2.423
2.583
2.743
3.013
3.265
3.475
3.603
3.76
3.92
4.02
4.304
4.463
4.766
5.107
5.404
5.667
7.2

< J o o o
1) MIouARINAITANTOLERIAIvDINTTUAINTN MiATosUsuaInAvne
dwhauedld

0.14

0.3
0.45
0.71
0.96
1.16
1.29
1.44
1.61
1.83
2.01
2.24
2.38
2.53
2.69
2.94
3.18
3.39
3.51
3.69
3.85
3.54
4.22
4.38
4.68

5.29
5.55
7.08

stc-030
0.46
0.72
0.95
1.17
1.3
1.45
1.62 1.6
1.84 1.82
2.02 2.03
2.25 2.26
2.39 2.4
2.54 2.55
2.71 2.72
2,95 2.96
3.19 3.2
3.4 3.41
3.52 3.53
3.7 3.68
3.86 3.82
3.95 3.6
4.24 4.19
4.35 4.36
4.67 4.69
4.99 5.02
5.3 5.28
3.56
7.07 7.06

2.04
2.27

2.56

2.97
3.21

3.54
3.71
3.83

4.2
4.37

5.06
5.32

7.11

2.98

3.84

5.08
5.27

Lt FuAY  wde

0.14

0.91
1.43
1.91
2.33
2.59
2.89
4.83
5.49
8.1
9.02
7.17
10.18
8.12
14.8
12.78
10.2
14.1
14.78
19.2
11.85
16.85
17.46
14.04
25.15
26.46
11.11
28.32

M15199 4.2 wananisasulisuldueesInnszualnyin

4.93

5.25
5.36

stc-030

4,72

afad 2

1.54
1.95
15

2.74
291

4.15

4.38

I FruA
0.14
0.42
143
1.63
1.89
3.66
4.08

6.1
5.34
7.74
8.54
6.93
7.68
10.9

11.58

9.3
9.79
10.5

10.96
11.73
12.18
16.54
12,87
17.46
9.05
14,13
14,76
15
15.75
16.08

WLl W bbb wWwWwww Wb bW bwb Wb - -

28

HE# %:AaLAfol
1 0.14 -0.006 4.48
1 0.3 -0.009 3.0
2 0.455 -0.001 0.22
2 0.715 0.01 1.38
2 0.955 0.027 2.75
2 1.165 0.024 2.02
2 1.295 0.03 2.26
2 1.445 0.034 2.30
3 1.61 0.031 1.89
3 1.83 0.041 2.19
4 2.025 0.034 1.65
4 2.255 0.035 1.53
3 2.39 0.033 1.36
4 2.545 0.038 1.47
3 2.706667 0.036333 1.32
5 2.96 0.053 1.76
4 3.195 0.07 2.14
3 34 0.075 2.16
4 3.525 0.078 2.16
4 3.695 0.065 1.73
S 3.84 0.08 2.04
3 3.95 D0.07 1.74
4 4.2125 0.0915 2.13
4 4,365 0.098 2.20
3 4.68 0.086 1.80
= 5.03 0.077 1.5%
S 5.292 0.112 2.07
2 5.555 0.112 1.98
4 7.08 0.12 1.67
\afn HAHT %aALRRDY
0.14 -0.003 2.19
0.42 -0.005 1.20
0.565 -0.012 217
0.815 -0.029 3.69
0.945 -0.021 2,27
1.22 -0.016 1.33
1.36 -0.02 1.49
1.525 -0.025 1.67
1.78 -0.016 0.21
1.935 -0.014 0.73
2.135 -0.023 1.09
2.31 -0.034 1.49
2.56 -0.02 0.7¢9
2.725 -0.025 0.93
2.895 -0.028 0.28
31 -0.025 0.81
3.263333 -0.02533 0.78
3.5 -0.026 Q.75
3.653333 -0.01133 0.31
3.81 -0.03 0.77
4.06 -0.014 0.35
4,135 -0.023 0.56
420 -0.014 0.33
4.365 -0.005 0.11
4,525 -0.008 0.18
4.71 -0.004 0.08
4,92 -0.01 0.20
= 0 -
5.25 0.004 0.08
5.36 0.015 .28




0 ¥ ssoscred

d L 1
5U# 4.3 wansinnszualvvn

4.2 MINABIINAIDUNNA

4.2.1 InQUszaeA

1) @nsansuAgunnil Y849anevessuuAsaslsuanaly

YourAIosUsuanAnidsinaule

2) annsahAmlanWisuiuAImIassIu emAInNRANAIRA V89

nsyinauesesUsuanele

4.2.2 JN1590894
1) hyeagunsalingumail Nldasstumasuiiisuiu diiien uay
e inalaemeslufives omarmupaiandounazyiinis
Uuun
2) dievimsuiuunyngunsalingamagiings Adgagunsaiia
TngaungiiluAnRaiuRArIe 183 IATAAILAY WarUSIIMINIY

AMULEULATEIUSUDINA



30

=Y

A =l 5
JUN 4.4 uamnsaeuifisudueesingamal

Y

o

= = < g
JUN 4.5 uaminTE U B UG UYR T INE NN T

YU



4.2.3 HaN1IVINa04

1) NIOUARIHATLANINTOUARIAIYDIUNNT 0l RG99 Tz

Lﬂ%uﬂi’ummﬂmmsﬁ'}ﬁqﬁmuagﬂﬁ

A19197 4.3 wansnnsaeuisuduges ingnugl

RN,
geunNil 1l T2 i
30 30.61 30.58 30.81
35 35.00 34.25 35.00
40 40.63 41.00 40.94
a5 44.69 46.25 44.56
50 50.69 52.25 50.38
55 51.69 50.79 49.61
60 59.31 61.25 59.51

4.3 M3ANAIRUNIAIATITIN
4.3.1 Wuwesinnszualni

1) ARG uNaUaNENIUNITYINIILYDIADUINTADS I1NTuaniaully

Aounsawasituagnalsluv iy

[
s

2) AAAIUSIULVAIT MU IADUNTALDT



32

S

P~ = 5 & s
JUT 4.6 uamnsnsAnfaduee s innssualnii

=

4.3.2 Wugesingamydl

Y

4.3.2.1 Wuwesingamaiidan 1 (Ty)

17
o

1) AanaitauenamunNIsYauvaIneuwsawesiiiusyansamevialy

v
s

2) AAAIUSHINNI BT IVLNADYES DU

=

o a y 5y o)
EU‘VI 4.7 HEAINIIANAUYULYDTINUNNUAIN 1



33

4.3.2.2 uwesingaumaiiendt 2 (T,)

Y

1) AefdiauanUsEansnnnIsYaIuYeNaauntNAR BaLEY

2) AAFUSIVTNINAANNI9D 0NV IABLDSVTNADEALEY

**

] a o §w aw a
E‘U‘Vl 4.8 LLﬂﬂQﬂTﬁ@ﬂﬂ\‘]LGﬁULmaiqﬁa‘mWQuW?W 2

o

4.3.2.3 Wuwesinaamgiiing 3 (Tz)

Y

1) AndlaiauenaunwnsinuvesneesdusazvanUsinmauanien

= 5 = 6 @
2) AAFNUSLINADEALEY

s

= a & (5 = =l
JUN 4.9 LanIN1SARRITLIYRTIngURYLAIN 3



UNA 5

dyuna
5.1 d5UNan1Tna09
=
#1319 5.1 Error Code
AVILLERY AR AN
N Laifitgmilaq Wuunf - ddl
C nIzua Compressor AAUNG - UEURITEULLDENIBAANITIY
- ARNMNTAwRTLAY
a o = &
- iiensdhiananglivieaslivan
- wamuuviogunsaldidnnsedndidy
- gunsaivieaivdiianisAneraniuz
FC gtun)il Fan Coil Indoor AaUnd - ffumefiusiunsesnn
H v = a
- WhewesssuviteevEenniiuly
- waweiipaulivhauviadates
£y gaunnil Cool Coil TubernUni - henlussuuunusetesniing
co msvihadlulvue Cut-Off - inspameansinnuvieagludassialv
N/A galinswiia - Avihnisiedsldasidedddnatlunisia




35

5.2 d5UNa9uIY

o v & A o = ) =] Y €
Wosmelasanuiidulassufiiissssuuaiesvonmea  Teeilunisadngunsal
° < v A o w a = a =
LARIADIUATNNITN19IUYRAATBIUTUBNNA LWa‘lﬂ'ﬂ‘lﬁﬂ']ll']35]']11?13']57;{%@“1“7\]3Lﬂ@’UU‘UEN
- @ o o o ¢ < ) ° = v
winsUiueme  sullsananmeinuvesgunsainelunsesdiuenia  thundensidill
1'% A ar & 1 g .:"f
Lmﬂiy‘lﬁ'}‘ﬂﬂﬂLﬂﬁ@QﬂjUﬂqﬂ'}f"ﬂ,ﬂ@ﬂqﬂi'}ﬂL%’J AN LRSONFADY LﬂUﬂqiaW’UUWQUquﬂiqﬁ]aanq

=II 1 = a ] -J Qs v
amdutinundnielunisvinauresszuuasasusunials

q

5.3 YalauUaLUY

Tnsauilldlivedn Arduino Adududeguifldantuetrounivans  uazileenuasld
Sfudurenwniusuamitannsaiiluldldediaed uinslduesndisoguussmiiias
funursuinagdlunsilaislasenu wazBadoairslusnauwnngasihliAnduudnoy
wn Hramnsnadueiaiaunlusunsuiunidies uazeerusiildfansoldvenuadifenty
fured Arduino Tawszilugenuwisidiaunsadiluiaundesenld dransnsaRmunladiialae
flsisntudeddvesaduioguld AevBumsandunulunislivesaduiaguadisagnann uasdl
yhlinswanseseslassuiilufndildnuiuiesssuenmalupmsviiesauiisneg - duae

lvsumusianilonbelunisaitufananlulsylevidonsWaunagann



NIANUIN



R>110d/Utelj/us /oo outnpaennny/ idily Yitm 1ueT[dwod ag 1snw sweu gNINgHy 94y $0 asq
jiewspedy passysibes e s1 QNINQHY

Sy yitm ubtssp e azifeury io0u og "sdNIOU 1NOYIIN abueys 0y 123(gns ST s{eTJ81e|| 4O 3}I§ gSM Syl U0 uonewJojut 1onpoud ay)
€4mny wouy butstie sanI[IqNEedwodur U0 SIDI[JUOD J0j J3AS0S1EYM Mitiiqisuodsas ou aAey (1BYS pue UOTITUT}OP 34NN} J4Oj asay)

.CD..:WE.._D*C._”
‘wayy oy sabueyd

SAAJSSS4 OUTINPUY ,"PSUT4SPUN

"

A0

"

paAJasau

« P33JBW suomDNAISUT 4o sauanieay hue jo sdnstusydeudeys 4o adussqe ayy uo Arau
10U 1SNW Jswoisng sy| *ednou ynoyn ‘sun hue e suondridssp 1dnpoud pue suonedyyideds o1 sabueyd ayew fhew OUTNPY

350ddnNd guINJIldYd ¥ d04 SSIANLI4 40 ALITISYINYHIYE3W 40 SITINGHHYM A3ITdWI ANY ‘01 Q3ILINIT LON 1Ng 9NIQNTINI ‘S10N00Y¥d 9NIQHYO I

dZZ_JENY
s

dZe _gENH
T

‘03IdWI 80 SS3ddX3 ‘SATINUHYLM ¥3HLO 1Y SWILTISIO ouINp4y "S17NY4 1Y HLIM, ONY ,SI SY, Q30IN0dd 3dY subissq adusussay

diNE gy OXIEd
p i HMETI3A
701 Xd
o[o] Nd-dB8ZEYI3ULY A
1| Ot 0ad(axs) 2 i
7| 82 B80T z radaxy) HNU-ZNSTY93U1Y aNnoHol nt aN9
3 101 B
€1 05— Jﬂl’ zad(oNI) MOT3A 00d(0.LNI'B0DO) avd 1 82 Dl
v OF | O €ad(L_N) XL L@ L LNVONIY) £ P ki =
S| Oz ] 30T 3~ radio]) aNo 2Ad(ZANILNIVILOXY) anen | ONan == 22 E4
A0 1T o5 Sad() £ad(eINyIaXL) " ] ugaT
£ O.m|]_ 50T T mEMoz_«W eﬂnz_sﬁz_v ; Q| —0H
. Lad(LNIV] SA(ZLLNIDAPNINIOX 20AN
S'8H-JTX8 < [ Luser 1| S0dloINUSNIV/SLE) avon [ SE—Jomnat TSN
7| (00d(coav) aNo | I_I 9] oNg o LOd{LINIVOL/ONIV/EMH/SLD) o o
O L0 —SMGQ“ 00A |- v = @ @
O [ Z00 <7 wu.umuu«.. nei @ - mu&:hz_omﬂwzi anNo o [pNn [Py B
Of I31%) 57 mumﬂmuo«._ aNOV [ s = BuMo:z_um : 20 [ 2 o \m B
O 1 [ ST 7% vun_gqug.._ 20AY 52 Z g = moH 8100/6LNIO! = = B
Og TS7500 gz | Sod(soav! WY [y o =1 % Awwz_un_zpuou ) Prit & s
05 — ZHUST BY-ESNOWTIILSI = BE | AT M o & &
S8H-IP0 e el TS 7 e & -l *
55 w” z8d(ss) ZIVLX ] 08<l0LNIDdIss) FTVLX o = = 4
m O 71| £edlison) e Z905 5] H8d(HINIDdDS) F Jn_mwﬂ.mLm T
O a1 redosin = ZTSOm o1 | Z8<(ZLNIDdIsonnad) (024} vIX ENY 822
A (o 5] S8d0i0S) 13539 - ZOSTH 11| E8<(ELNIDdoSIad) D Yuwpes Z-8584US|
T 10+ : $8d s | YadiviNIDdLL) =
el | O Nz CHd ] S8SINIOd) (manod) 1353 T3
£ |05 TS T oHd oz | 28<(9LNIDd) ¥
O 1o o ZHd 1z | (8d(0+00NM0DO/LINIOG) =
Of o ] aNg U zxg = n R OND
was | Ys T z T
108 ﬁwﬁ 3 8 HY e |2 u zxg
"3H-ITX81 ueat 7S &L 8 00
S'3H-4 /_\ 70 Of : o B) Om 213539
) 359 N ZIS00 ¥ G ZATS
H G+ tino 'LUT_S < o = z0 Oy ZOSIH
Ol Lk TdSD
[N] o S
aNg (e]0] a
! NS+
3 |
= €AY ONN (W1>outnpuy
AT JbNd H HNE0EE-GB6Zd] - 1
o
840N aND =
7 z
ng Q
02—
£ b 1Y
T @\ NG+ _._..» mluus.mmﬂl
aNa NG+
aNg aNg
b el
fu]
. SN N
2 uge
QL\ w 1No NI | & 19
G+ 9€1@G1SLTTTdIN
™
k= =
4
B
o NG+
[~}
=

H1™8-8sn



maxim
integrated..

DESCRIPTION

The DS18B20 digital thermometer provides 9-bit
to 12-bit Celsius temperature measurements and
has an alarm function with nonvolatile user-
programmable upper and lower trigger points.
The DS18B20 communicates over a 1-Wire bus
that by definition requires only one data line (and
ground) for communication with a central
microprocessor. It has an operating temperature
range of -55°C to +125°C and is accurate to
+0.5°C over the range of -10°C to +85°C. In
addition, the DS18B20 can derive power directly
from the data line (“parasite power™), eliminating
the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code,
which allows multiple DS18B20s to function on
the same 1-Wire bus. Thus, it is simple to use one
microprocessor to control many DS18B20s
distributed over a large area. Applications that
can benefit from this feature include HVAC
environmental controls, temperature monitoring
systems inside buildings, equipment, or
machinery, and process monitoring and control
systems.

FEATURES

Unique 1-Wire® Interface Requires Only One
Port Pin for Communication

= FEach Device has a Unique 64-Bit Serial Code
Stored in an On-Board ROM

=  Multidrop Capability Simplifies Distributed
Temperature-Sensing Applications

= Requires No External Components

= (Can Be Powered from Data Line; Power Supply
Range is 3.0V to 5.5V

= Measures Temperatures from -55°C to +125°C
(-67°F to +257°F)

»=  +0.5°C Accuracy from -10°C to +85°C

®  Thermometer Resolution is User Selectable
from 9 to 12 Bits

= Converts Temperature to 12-Bit Digital Word in
750ms (Max)

DS18B20
Programmable Resolution
1-Wire Digital Thermometer

= User-Definable Nonvolatile (NV) Alarm
Settings

* Alarm Search Command Identifies and
Addresses Devices Whose Temperature is
Outside Programmed Limits (Temperature
Alarm Condition)

®  Available in 8-Pin SO (150 mils), 8-Pin pSOP,
and 3-Pin TO-92 Packages

=  Software Compatible with the DS1822

= Applications Include Thermostatic Controls,
Industrial Systems, Consumer Products,
Thermometers, or Any Thermally Sensitive
System

PIN CONFIGURATIONS

SO (150 mils)
(DS18B20Z)

GND [
DQ
Vop C

(DS18B20U)

(BOTTOM VIEW)

TO-92
(DS18B20)

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.

REV: 042208
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ORDERING INFORMATION

PART TEMP RANGE PIN-PACKAGE TOP MARK
DS18B20 -33°C 1 +125°L 3 TO-92 18B20
DS18B20 | =55%C to +123°C 3 TO-92 18820
DS18B20/T&R -55°Cto +125°C 3 TO-92 (2000 Piece) 18820
DS18B20+T&R -53°C e +125°C 3 TO-92 (2000 Piece) 18B20
DS18B20-SL/T&R «35°%0 to-H125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20-SL+T&R =55°Cio+125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20U -33°C 1o +125°C 8 uSOP 18B20
DS18B20U+ -55°C to +125°C 8 uSOP 18B20
DS18B20U/T&R *55°%C 1o +125°C 8 uSOP (3000 Piece) 18B20
DS18B20U+T&R =350 102k 1250, 8 uSOP (3000 Piece) 18B20
DS18B207 A5°C to +123°C 8 SO DS18B20
DS18B20Z+ =957 o4+ 125°C 8 SO DS18B20
DS18B20Z/T&R -55°C 1o +125°C 8 SO (2500 Piece) DS18B20
DS18B20Z+T&R <55°C to +123°C 8 SO (2500 Piece) DS18B20

+Denotes a lead-free package. A “+" will appear on the top mark of lead-free packages.

T&R = Tape and reel.

*TO-92 packages in tape and reel can be ordered with straight or formed leads. Choose “SL” for straight leads. Bulk TO-92 orders are straight
leads only.

PIN DESCRIPTION

PIN
SO LSOP | TO-92 NAME FUNCTION
1’7?’86’ 2’6?’75’ — N.C No Connection

Optional Vpp. Vpp must be grounded for operation in

: 3 3 Voo parasite power mode.
Data Input/Output. Open-drain 1-Wire interface pin. Also

- 1 2 DQ provides power to the device when used in parasite power
mode (see the Powering the DS18B20 section.)

5 4 1 GND Ground

OVERVIEW

Figure 1 shows a block diagram of the DS18B20, and pin descriptions are given in the Pin Description
table. The 64-bit ROM stores the device’s unique serial code. The scratchpad memory contains the 2-byte
temperature register that stores the digital output from the temperature sensor. In addition, the scratchpad
provides access to the 1-byte upper and lower alarm trigger registers (Ty and Tr) and the 1-byte
configuration register. The configuration register allows the user to set the resolution of the temperature-
to-digital conversion to 9, 10, 11, or 12 bits. The Ty, Ti, and configuration registers are nonvolatile
(EEPROM), so they will retain data when the device is powered down.

The DS18B20 uses Maxim’s exclusive 1-Wire bus protocol that implements bus communication using
one control signal. The control line requires a weak pullup resistor since all devices are linked to the bus
via a 3-state or open-drain port (the DQ pin in the case of the DS18B20). In this bus system, the
microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique
64-bit code. Because each device has a unique code, the number of devices that can be addressed on one
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bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and
“time slots,” is covered in the /-Wire Bus System section.

Another feature of the DS18B20 is the ability to operate without an external power supply. Power is
instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an internal capacitor (Cpp), which then supplies power to the device when the bus is
low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an
alternative, the DS18B20 may also be powered by an external supply on Vpp.

Figure 1. DS18B20 Block Diagram

Vry
4.7k PARASITE POWER
CIRCUIT <—p| MEMORY CONTROL DS 1 8 BZO
LOGIC
DQ J,
<t TEMPERATURE SENSOR
INTERNAL Vpp 64-BIT ROM

AND ALARM HIGH TRIGGER (T4)

Wi REGISTER (EEPROM
G ND-@ e 1-Wire PORT SCRATCHEAD ( )

ALARM LOW TRIGGER (T,)
REGISTER (EEPROM)

A4

F 3
h 4

<HH

ey — comFlsu(lé.glRogMR)EGmTER
Voo & SUPPLY >
SENSE

A
v

8-BIT CRC GENERATOR

OPERATION—MEASURING TEMPERATURE

The core functionality of the DS18B20 is its direct-to-digital temperature sensor. The resolution of the
temperature sensor is user-configurable to 9, 10, 11, or 12 bits, corresponding to increments of 0.5°C,
0.25°C, 0.125°C, and 0.0625°C, respectively. The default resolution at power-up is 12-bit. The DS18B20
powers up in a low-power idle state. To initiate a temperature measurement and A-to-D conversion, the
master must issue a Convert T [44h] command. Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its idle
state. If the DS18B20 is powered by an external supply, the master can issue “read time slots” (see the
1-Wire Bus System section) after the Convert T command and the DS18B20 will respond by transmitting
0 while the temperature conversion is in progress and 1 when the conversion is done. If the DS18B20 is
powered with parasite power, this notification technique cannot be used since the bus must be pulled high
by a strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained in detail in the Powering the DS18B20 section.

The DS18B20 output temperature data is calibrated in degrees Celsius; for Fahrenheit applications, a
lookup table or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended
two’s complement number in the temperature register (see Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. If the
DS18B20 is configured for 12-bit resolution, all bits in the temperature register will contain valid data.
For 11-bit resolution, bit 0 is undefined. For 10-bit resolution, bits 1 and 0 are undefined, and for 9-bit
resolution bits 2, 1, and 0 are undefined. Table 1 gives examples of digital output data and the
corresponding temperature reading for 12-bit resolution conversions.
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Figure 2. Temperature Register Format

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
LS BYTE 2° 22 2 2° 2" 2 2° g
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 9 BIT 8
MS BYTE S S S S S 28 25 ot
S =SIGN
Table 1. Temperature/Data Relationship
o DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (°C) (BINARY) (HEX)
+125 00000111 1101 0000 07D0h
+85%* 0000 0101 0101 0000 0550h
+25.0625 0000 0001 1001 0001 0191h
+10.125 0000 0000 1010 0010 00A2h
+0.5 0000 0000 0000 1000 0008h
0 0000 0000 0000 0000 0000h
-0.5 1111 1111 1111 1000 FFF8h
-10.125 1111 111101011110 FF5Eh
-25.0625 1111 1116 91101111 FEG6Fh
-55 1111 1100 1001 0000 FC90h

*The power-on reset value of the temperature register is +85°C.

OPERATION—ALARM SIGNALING

After the DS18B20 performs a temperature conversion, the temperature value is compared to the user-
defined two’s complement alarm trigger values stored in the 1-byte Ty and T registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negative
numbers S = 1. The Ty and Ty, registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Ty and Ty can be accessed through bytes 2 and 3 of the scratchpad as explained
in the Memory section.

Figure 3. TH and T Register Format

BIT 4 BIT 3 BIT 2 BIT 1 BITO
gt 2 o 5! 7"

BIT 7 BIT6 BIT 5
S 28 98

Only bits 11 through 4 of the temperature register are used in the Ty and T, comparison since Ty and Ty
are 8-bit registers. If the measured temperature is lower than or equal to Ty, or higher than or equal to Ty,
an alarm condition exists and an alarm flag is set inside the DS18B20. This flag is updated after every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.
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The master device can check the alarm flag status of all DS18B20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18B20s with a set alarm flag will respond to the command, so the master can
determine exactly which DS18B20s have experienced an alarm condition. If an alarm condition exists
and the Ty or T, settings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE DS18B20

The DS18B20 can be powered by an external supply on the Vpp pin, or it can operate in “parasite power”
mode, which allows the DS18B20 to function without a local external supply. Parasite power is very
useful for applications that require remote temperature sensing or that are very space constrained.
Figure 1 shows the DS18B20’s parasite-power control circuitry, which “steals” power from the 1-Wire
bus via the DQ pin when the bus is high. The stolen charge powers the DS18B20 while the bus is high,
and some of the charge is stored on the parasite power capacitor (Cpp) to provide power when the bus is
low. When the DS18B20 is used in parasite power mode, the Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and Cpp can provide sufficient current to the DS18B20 for most
operations as long as the specified timing and voltage requirements are met (see the DC Electrical
Characteristics and AC Electrical Characteristics). However, when the DSI18B20 is performing
temperature conversions or copying data from the scratchpad memory to EEPROM, the operating current
can be as high as 1.5mA. This current can cause an unacceptable voltage drop across the weak 1-Wire
pullup resistor and is more current than can be supplied by Cpp. To assure that the DS18B20 has sufficient
supply current, it is necessary to provide a strong pullup on the 1-Wire bus whenever temperature
conversions are taking place or data is being copied from the scratchpad to EEPROM. This can be
accomplished by using a MOSFET to pull the bus directly to the rail as shown in Figure 4. The 1-Wire
bus must be switched to the strong pullup within 10us (max) after a Convert T [44h] or Copy Scratchpad
[48h] command is issued, and the bus must be held high by the pullup for the duration of the conversion
(tconv) or data transfer (twr = 10ms). No other activity can take place on the 1-Wire bus while the pullup
is enabled.

The DS18B20 can also be powered by the conventional method of connecting an external power supply
to the Vpp pin, as shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the 1-Wire bus is free to carry other traffic during the temperature conversion time.

The use of parasite power is not recommended for temperatures above +100°C since the DS18B20 may
not be able to sustain communications due to the higher leakage currents that can exist at these
temperatures. For applications in which such temperatures are likely, it is strongly recommended that the
DS18B20 be powered by an external power supply.

In some situations the bus master may not know whether the DS18B20s on the bus are parasite powered
or powered by external supplies. The master needs this information to determine if the strong bus pullup
should be used during temperature conversions. To get this information, the master can issue a Skip ROM
[CCh] command followed by a Read Power Supply [B4h] command followed by a “read time slot”.
During the read time slot, parasite powered DS18B20s will pull the bus low, and externally powered
DS18B20s will let the bus remain high. If the bus is pulled low, the master knows that it must supply the
strong pullup on the 1-Wire bus during temperature conversions.
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Figure 4. Supplying the Parasite-Powered DS18B20 During Temperature Conversions
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Figure 5. Powering the DS18B20 with an External Supply
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64-BIT LASERED ROM CODE
Each DS18B20 contains a unique 64-bit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18B20’s 1-Wire family code: 28h. The next 48 bits contain a unique
serial number. The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is
calculated from the first 56 bits of the ROM code. A detailed explanation of the CRC bits is provided in
the CRC Generation section. The 64-bit ROM code and associated ROM function control logic allow the
DS18B20 to operate as a 1-Wire device using the protocol detailed in the /-Wire Bus System section.

Figure 6. 64-Bit Lasered ROM Code

8-BIT CRC

[ 48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (28h)
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LSB
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MEMORY

The DS18B20’s memory is organized as shown in Figure 7. The memory consists of an SRAM
scratchpad with nonvolatile EEPROM storage for the high and low alarm trigger registers (Ty and Ty)
and configuration register. Note that if the DS18B20 alarm tunction is not used, the Ty and Ty registers
can serve as general-purpose memory. All memory commands are described in detail in the DSI/8B20
Function Commands section.

Byte 0 and byte 1 of the scratchpad contain the LSB and the MSB of the temperature register,
respectively. These bytes are read-only. Bytes 2 and 3 provide access to Ty and Ty registers. Byte 4
contains the configuration register data, which is explained in detail in the Configuration Register section.
Bytes 5, 6, and 7 are reserved for internal use by the device and cannot be overwritten.

Byte 8 of the scratchpad is read-only and contains the CRC code for bytes 0 through 7 of the scratchpad.
The DS18B20 generates this CRC using the method described in the CRC Generation section.

Data is written to bytes 2, 3, and 4 of the scratchpad using the Write Scratchpad [4Eh] command; the data
must be transmitted to the DS18B20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad can be read (using the Read Scratchpad [BEh] command) after the data is
written. When reading the scratchpad, data is transferred over the 1-Wire bus starting with the least
significant bit of byte 0. To transfer the Ty, Ti. and configuration data from the scratchpad to EEPROM,
the master must issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers is retained when the device is powered down; at power-up the EEPROM
data is reloaded into the corresponding scratchpad locations. Data can also be reloaded from EEPROM to
the scratchpad at any time using the Recall E’ [B8h] command. The master can issue read time slots
following the Recall E* command and the DS18B20 will indicate the status of the recall by transmitting 0
while the recall is in progress and 1 when the recall is done.

Figure 7. DS18B20 Memory Map

SCRATCHPAD
(POWER-UP STATE)

Byte 0 | Temperature LSB (50h)

Byte 1 | Temperature MSB (05h) (8% EEPROM

Byte 2 | Ty Register or User Byte 1* 4+—| Ty Register or User Byte: 1
Byte 3 | TL Register or User Byte 2* <«—| Ty Register or User Byte 2
Byte 4 | Configuration Register* i Configuration Register

Byte 5 | Reserved (FFh)
Byte 6 | Reserved
Byte 7 | Reserved (10h)

Byte 8 | CRC*
*Power-up state depends on value(s) stored in EEPROM.
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CONFIGURATION REGISTER

Byte 4 of the scratchpad memory contains the configuration register, which is organized as illustrated in
Figure 8. The user can set the conversion resolution of the DS18B20 using the R0 and R1 bits in this
register as shown in Table 2. The power-up default of these bits is RO — 1 and R1 = 1 (12-bit resolution).
Note that there is a direct tradeoff between resolution and conversion time. Bit 7 and bits 0 to 4 in the
configuration register are reserved for internal use by the device and cannot be overwritten.

Figure 8. Configuration Register

BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
0 R1 RO 1 1 1 1 1

Table 2. Thermometer Resolution Configuration

R1 RO RESOLUTION MAX CONVERSION
(BITS) TIME
0 0 9 93.75ms (tconv/8)
0 1 10 187.5ms (tCONV/4)
1 0 1.1 375ms (tCONVIQ)
1 1 12 750ms (tconv)

CRC GENERATION

CRC bytes are provided as part of the DS18B20’s 64-bit ROM code and in the 9" byte of the scratchpad
memory. The ROM code CRC is calculated from the first 56 bits of the ROM code and is contained in the
most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the scratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DS18B20. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM code CRC (for ROM reads) or to the scratchpad CRC (for scratchpad reads).
[f the calculated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision to continue with an operation are determined entirely by the bus master.
There is no circuitry inside the DS18B20 that prevents a command sequence from proceeding if the
DS18B20 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC=X*+X’+X'+1

The bus master can re-calculate the CRC and compare it to the CRC values from the DS18B20 using the
polynomial generator shown in Figure 9. This circuit consists of a shift register and XOR gates, and the
shift register bits are initialized to 0. Starting with the least significant bit of the ROM code or the least
significant bit of byte 0 in the scratchpad, one bit at a time should shifted into the shift register. After
shifting in the 56th bit from the ROM or the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Next, the 8-bit ROM code or scratchpad CRC
from the DS18B20 must be shifted into the circuit. At this point, if the re-calculated CRC was correct, the
shift register will contain all 0s. Additional information about the Maxim 1-Wire cyclic redundancy check
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is available in Application Note 27: Understanding and Using Cyclic Redundancy Checks with Maxim
iButton Products.

Figure 9. CRC Generator

INPUT

(MSB) ! ! (LSB)

A 4
A 4

A 4

1-WIRE BUS SYSTEM

The 1-Wire bus system uses a single bus master to control one or more slave devices. The DS18B20 is
always a slave. When there is only one slave on the bus, the system is referred to as a “single-drop”
system; the system is “multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is broken down into three topics: hardware
configuration, transaction sequence, and 1-Wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-Wire bus has by definition only a single data line. Each device (master or slave) interfaces to the
data line via an open-drain or 3-state port. This allows each device to “release” the data line when the
device is not transmitting data so the bus is available for use by another device. The 1-Wire port of the
DS18B20 (the DQ pin) is open drain with an internal circuit equivalent to that shown in Figure 10.

The 1-Wire bus requires an external pullup resistor of approximately 5kQ; thus, the idle state for the
1-Wire bus is high. If for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the transaction is to resume. Infinite recovery time can occur between bits so long as the 1-Wire
bus is in the inactive (high) state during the recovery period. If the bus is held low for more than 480us,
all components on the bus will be reset.

Figure 10. Hardware Configuration

Veu
DS18B20 1-Wire PORT

4.7k DQ
PIN

1-Wire BUS —
Rx—0O<K I
SpA
TYP I X
Tx 100Q
MOSFET
Rx = RECEIVE

Tx = TRANSMIT
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TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18B20 is as follows:
Step 1. Initialization
Step 2. ROM Command (followed by any required data exchange)
Step 3. DS18B20 Function Command (followed by any required data exchange)

It is very important to follow this sequence every time the DS18B20 is accessed, as the DS18B20 will not
respond if any steps in the sequence are missing or out of order. Exceptions to this rule are the Search
ROM [FOh] and Alarm Search [ECh] commands. After issuing either of these ROM commands. the
master must return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-Wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse transmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18B20) are on the
bus and are ready to operate. Timing for the reset and presence pulses is detailed in the /-Wire Signaling
section.

ROM COMMANDS

After the bus master has detected a presence pulse, it can issue a ROM command. These commands
operate on the unique 64-bit ROM codes of each slave device and allow the master to single out a specific
device if many are present on the 1-Wire bus. These commands also allow the master to determine how
many and what types of devices are present on the bus or if any device has experienced an alarm
condition. There are five ROM commands, and each command is 8 bits long. The master device must
issue an appropriate ROM command before issuing a DS18B20 function command. A flowchart for
operation of the ROM commands is shown in Figure 11.

SEARCH ROM [FOh]

When a system is initially powered up, the master must identify the ROM codes of all slave devices on
the bus, which allows the master to determine the number of slaves and their device types. The master
learns the ROM codes through a process of elimination that requires the master to perform a Search ROM
cycle (i.e., Search ROM command followed by data exchange) as many times as necessary to identify all
of the slave devices. If there is only one slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer to the iButton” Book of Standards at www.maxim-ic.conv/ibuttonbook. After every
Search ROM cycle, the bus master must return to Step 1 (Initialization) in the transaction sequence.

READ ROM [33h]

This command can only be used when there is one slave on the bus. It allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure. If this command is used when there
is more than one slave present on the bus, a data collision will occur when all the slaves attempt to
respond at the same time.

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 single-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 other slaves on the
bus will wait for a reset pulse.

iButton is a registered trademark of Maxim Integrated Products, Inc.
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SKIP ROM [CCh]

The master can use this command to address all devices on the bus simultaneously without sending out
any ROM code information. For example, the master can make all DS18B20s on the bus perform
simultaneous temperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command.

Note that the Read Scratchpad [BEh] command can follow the Skip ROM command only if there is a
single slave device on the bus. In this case, time is saved by allowing the 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 collision on the bus if there is more than one slave since multiple devices will
attempt to transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical to the operation of the Search ROM command except that
only slaves with a set alarm flag will respond. This command allows the master device to determine if
any DS18B20s experienced an alarm condition during the most recent temperature conversion. After
every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step 1 (Initialization) in the transaction sequence. See the Operation—Alarm Signaling section
for an explanation of alarm flag operation.

DS18B20 FUNCTION COMMANDS

After the bus master has used a ROM command to address the DS18B20 with which it wishes to
communicate, the master can issue one of the DS18B20 function commands. These commands allow the
master to write to and read from the DS18B20°s scratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18B20 function commands, which are described below, are
summarized in Table 3 and illustrated by the flowchart in Figure 12.

CONVERT T [44h]

This command initiates a single temperature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DS18B20 returns to its
low-power idle state. If the device is being used in parasite power mode, within 10us (max) after this
command is issued the master must enable a strong pullup on the 1-Wire bus for the duration of the
conversion (tconv) as described in the Powering the DS18B20 section. If the DS18B20 is powered by an
external supply, the master can issue read time slots after the Convert T command and the DS18B20 will
respond by transmitting a 0 while the temperature conversion is in progress and a 1 when the conversion
is done. In parasite power mode this notification technique cannot be used since the bus is pulled high by
the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master to write 3 bytes of data to the DS18B20’s scratchpad. The first data byte
is written into the Ty register (byte 2 of the scratchpad), the second byte is written into the Ty register
(byte 3), and the third byte is written into the configuration register (byte 4). Data must be transmitted
least significant bit first. All three bytes MUST be written before the master issues a reset, or the data
may be corrupted.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data transfer starts with the
least significant bit of byte 0 and continues through the scratchpad until the 9th byte (byte 8 — CRC) is
read. The master may issue a reset to terminate reading at any time if only part of the scratchpad data is
needed.
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COPY SCRATCHPAD [48h]
This command copies the contents of the scratchpad Ty, Ty and configuration registers (bytes 2, 3 and 4)
to EEPROM. If the device is being used in parasite power mode, within 10us (max) after this command is
issued the master must enable a strong pullup on the 1-Wire bus for at least 10ms as described in the
Powering the DS18B20 section.

RECALL E? [B8h]

This command recalls the alarm trigger values (Ty and T)) and configuration data from EEPROM and
places the data in bytes 2, 3, and 4, respectively, in the scratchpad memory. The master device can issue
read time slots following the Recall E* command and the DS18B20 will indicate the status of the recall by
transmitting O while the recall is in progress and 1 when the recall is done. The recall operation happens
automatically at power-up, so valid data is available in the scratchpad as soon as power is applied to the
device.

READ POWER SUPPLY [B4h]

The master device issues this command followed by a read time slot to determine if any DS18B20s on the
bus are using parasite power. During the read time slot, parasite powered DS18B20s will pull the bus
low, and externally powered DS18B20s will let the bus remain high. See the Powering the DSISB20
section for usage information for this command.

Table 3. DS18B20 Function Command Set

1-Wire BUS
COMMAND DESCRIPTION PROTOCOL ACTIVITYAFTER NOTES
COMMAND IS ISSUED
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature DS18B20 transmits
conversion. conversion status to master
44h . . 1
(not applicable for parasite-
powered DS18B20s).
MEMORY COMMANDS
Read Reads the entire scratchpad BEh DS18B20 transmits up to 9 s
Scratchpad including the CRC byte. data bytes to master.
Write Writes data into scratchpad Master transmits 3 data bytes
Scratchpad bytes 2, 3, and 4 (Ty, Ty, to DS18B20.
. 4Eh 3
and configuration
registers).
Copy Copies Ty, Ty, and None
Scratchpad configuration register data 48h |
from the scratchpad to
EEPROM.
Rewall B Recalls Ty, Tr, and DS18B20 transmits recall
configuration register data BSh status to master.
from EEPROM to the
scratchpad.
Read Power | Signals DS18B20 power DS18B20 transmits supply
Supply supply mode to the master. Bdh status to master.
Note 1: For parasite-powered DS18B20s, the master must enable a strong pullup on the 1-Wire bus during temperature
conversions and copies from the scratchpad to EEPROM. No other bus activity may take place during this time.
Note 2: ~ The master can interrupt the transmission of data at any time by issuing a reset.
Note 3:  All three bytes must be written before a reset is issued.
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Figure 11. ROM Commands Flowchart
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Figure 12. DS18B20 Function Commands Flowchart
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1-WIRE SIGNALING

The DS18B20 uses a strict 1-Wire communication protocol to ensure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. The bus
master initiates all these signals, with the exception of the presence pulse.

INITIALIZATION PROCEDURE—RESET AND PRESENCE PULSES

All communication with the DS18B20 begins with an initialization sequence that consists of a reset pulse
from the master followed by a presence pulse from the DS18B20. This is illustrated in Figure 13. When
the DS18B20 sends the presence pulse in response to the reset, it is indicating to the master that it is on
the bus and ready to operate.

During the initialization sequence the bus master transmits (Tx) the reset pulse by pulling the 1-Wire bus
low for a minimum of 480us. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the 5kQ pullup resistor pulls the 1-Wire bus high. When the DS18B20 detects
this rising edge, it waits 15us to 60us and then transmits a presence pulse by pulling the 1-Wire bus low
for 60us to 240us.

Figure 13. Initialization Timing

MASTER Tx RESET PULSE MASTER Rx
480ps minimum > 480us minimum >|
DS18B20 Tx
DS18B20 <+——— presence pulse
walits 15-60uS — |4___. 60-240us

Veu .
1-WIRE BUS | i /
GND ‘E‘m:sm,y:w‘.,.v.a T

LINE TYPE LEGEND
= Bus master pulling low

e DS18B20 pulling low
Resistor pullup

READ/WRITE TIME SLOTS
The bus master writes data to the DS18B20 during write time slots and reads data from the DS18B20
during read time slots. One bit of data is transmitted over the 1-Wire bus per time slot.

WRITE TIME SLOTS

There are two types of write time slots: “Write 17 time slots and “Write 0” time slots. The bus master
uses a Write 1 time slot to write a logic 1 to the DS18B20 and a Write 0 time slot to write a logic 0 to the
DS18B20. All write time slots must be a minimum of 60us in duration with a minimum of'a 1us recovery
time between individual write slots. Both types of write time slots are initiated by the master pulling the
1-Wire bus low (see Figure 14).

To generate a Write 1 time slot, after pulling the 1-Wire bus low, the bus master must release the 1-Wire
bus within 15us. When the bus is released, the 5kQ pullup resistor will pull the bus high. To generate a
Write 0 time slot, after pulling the 1-Wire bus low, the bus master must continue to hold the bus low for

the duration of the time slot (at least 60us).
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The DS18B20 samples the 1-Wire bus during a window that lasts from 15us to 60us after the master
initiates the write time slot. If the bus is high during the sampling window, a 1 is written to the DS18B20.
If the line is low, a 0 is written to the DS18B20.

Figure 14. Read/Write TIme Slot Timing Diagram

START START
OF SLOT OF SLOT

MASTER WRITE “0” SLOT

MASTER WRITE “1” SLOT
—

60us < Ty “0” < 120ps  ——s

Veu
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DS18B20 Samples
TYP

DS18B20 Samples
e

MIN MIN MAX

<+ 15us —>|+ 15us —>|+— 30us --pl +« 15us —{« 1545 —>le— 30us —s

MASTER READ “0” SLOT MASTER READ “1” SLOT
Veu _..| " e Ty <0
1-WIRE BUS
GND A S T N T

Master samples >1us ’ «— Master samples
>1us |<—

15us —b|4— 45us —.l le— 15us _.{

LINE TYPE LEGEND
= Bus master pulling low s DS18B20 pulling low

Resistor pullup

READ TIME SLOTS

The DS18B20 can only transmit data to the master when the master issues read time slots. Therefore, the
master must generate read time slots immediately after issuing a Read Scratchpad [BEh] or Read Power
Supply [B4h] command, so that the DS18B20 can provide the re%uestecl data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E° [B8h] commands to find out the status
of the operation as explained in the DSI8B20 Function Commands section.

All read time slots must be a minimum of 60us in duration with a minimum of a lus recovery time
between slots. A read time slot is initiated by the master device pulling the 1-Wire bus low for a
minimum of 1ps and then releasing the bus (see Figure 14). After the master initiates the read time slot,
the DS18B20 will begin transmitting a 1 or 0 on bus. The DS18B20 transmits a 1 by leaving the bus high
and transmits a 0 by pulling the bus low. When transmitting a 0, the DS18B20 will release the bus by the
end of the time slot, and the bus will be pulled back to its high idle state by the pullup resister. Output
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data from the DS18B20 is valid for 15us after the falling edge that initiated the read time slot. Therefore,
the master must release the bus and then sample the bus state within 15us from the start of the slot.

Figure 15 illustrates that the sum of Tinr, Tre, and Tsampre must be less than 15us for a read time slot.
Figure 16 shows that system timing margin is maximized by keeping Tinjr and Tgre as short as possible
and by locating the master sample time during read time slots towards the end of the 15us period.

Figure 15. Detailed Master Read 1 Timing

Veu
1-WIRE BUS VIH of Master
GND

————— Twr>1us e Tre —»’ Master samples ’

* 15us |

Figure 16. Recommended Master Read 1 Timing

VPU
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GND
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mmmmmm  Bus master pulling low

Resistor pullup

RELATED APPLICATION NOTES

The following application notes can be applied to the DS18B20 and are available on our website at
WWW.maxim-ic.com.

Application Note 27: Understanding and Using Cyclic Redundancy Checks with Maxim iButton Products
Application Note 122: Using Dallas' 1-Wire ICs in 1-Cell Li-Ion Battery Packs with Low-Side N-Channel
Safety FETs Master

Application Note 126: 1-Wire Communication Through Software

Application Note 162. Interfacing the DS18x20/DS1822 1-Wire Temperature Sensor in a Microcontroller
Environment

Application Note 208 Curve Fitting the Error of a Bandgap-Based Digital Temperature Sensor
Application Note 2420: 1-Wire Communication with a Microchip PICmicro Microcontroller

Application Note 3754. Single-Wire Serial Bus Carries Isolated Power and Data

Sample 1-Wire subroutines that can be used in conjunction with Application Note 74: Reading and
Writing iButtons via Serial Interfaces can be downloaded from the Maxim website.

17 of 22



DS18B20

DS18B20 OPERATION EXAMPLE 1
In this example there are multiple DS18B20s on the bus and they are using parasite power. The bus
master initiates a temperature conversion in a specific DS18B20 and then reads its scratchpad and

recalculates the CRC to verify the data.

MASTER MODE DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS18B20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Ix 64-bit ROM code Master sends DS18B20 ROM code.

Tx 44h Master issues Convert T command.

Tx DQ line held high by Master applies strong pullup to DQ for the duration of the

strong pullup conversion (tcony).

Tx Reset Master issues reset pulse.

Rx Presence DS18B20s respond with presence pulse.

Tx 55h Master issues Match ROM command.

Tx 64-bit ROM code Master sends DS18B20 ROM code.

Tz BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master
then recalculates the CRC of the first eight data bytes from the

Rx 9 data bytes scratchpad and compares the calculated CRC with the read
CRC (byte 9). If they match, the master continues; if not, the
read operation is repeated.

DS18B20 OPERATION EXAMPLE 2

In this example there is only one DS18B20 on the bus and it is using parasite power. The master writes to
the Ty, Ty, and configuration registers in the DS18B20 scratchpad and then reads the scratchpad and
recalculates the CRC to verify the data. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

Tx CCh Master issues Skip ROM command.

Tx 4Eh Master issues Write Scratchpad command.

Tx 3 data bytes Master sends three data bytes to scratchpad (Ty, Ty, and config).

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

e CCh Master issues Skip ROM command.

Tx BEh Master issues Read Scratchpad command.
Master reads entire scratchpad including CRC. The master then
recalculates the CRC of the first eight data bytes from the

Rx 9 data bytes scratchpad and compares the calculated CRC with the read CRC
(byte 9). If they match, the master continues; if not, the read
operation is repeated.

Tx Reset Master issues reset pulse.

Rx Presence DS18B20 responds with presence pulse.

1x CCh Master issues Skip ROM command.

Ix 48h Master issues Copy Scratchpad command.

Tx DQ line held high by | Master applies strong pullup to DQ for at least 10ms while copy

strong pullup operation is in progress.
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DS18B20

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative to Ground ..............c.oooveooeooioeeoeeeeeeeeeeeeeeeeeeeeens -0.5V to +6.0V
Operating Temperabure: Batioes ..t s i s i e i s s ssnsns -55°C o +125°C
Storage Temperalure RAIEE o o omm i i eiai i messss rrams s pees s SRR -535°Cto +125°C
gelcel TeHpRIalire ....commmomsmsmsmrassrmemens Refer to the IPC/JEDEC J-STD-020 Specification.

These are stress ratings only and functional operation of the device at these or any other conditions
above those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.0V to 5.5V)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS | NOTES
Supply Voltage Vbbp Local Power +3.0 +5.5 N 1
Pullup Supply v Parasite Power +3.0 +5.5 v 12
Voltage v Local Power +3.0 Vbp '
Thermometer : -10°C to +85°C 0.5 °C 4
Error ERE | 35°C 10 +125°C +2 .
Input Logic-Low ViL -0.3 +(.8 \% 1,4,5

Local Power +2:2 The lower of
Input Logic-High Vi % A% 1,6

. or

Parasite Power +3.0 Vop + 0.3
Sink Current I Vio =04V 4.0 mA 1
Standby Current Ipps 750 1000 nA 7.8
Active Current Ipp Vpp =5V 1 1.5 mA 9
DQ Input Current Ing 5 A 10
Drift +0.2 L 1.1

NOTES:

1) All voltages are referenced to ground.

2) The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the
high level of the pullup is equal to Vpy. In order to meet the Vi spec of the DS18B20, the actual
supply rail for the strong pullup transistor must include margin for the voltage drop across the
transistor when it is turned on; thus: Vpy_actuar = Vpu_ipeaL + VIRANSISTOR

3) See typical performance curve in Figure 17.

4) Logic-low voltages are specified at a sink current of 4mA.

5) To guarantee a presence pulse under low voltage parasite power conditions, Vi max may have to be
reduced to as low as 0.5V.

6) Logic-high voltages are specified at a source current of ImA.

7) Standby current specified up to +70°C. Standby current typically is 3puA at +125°C.

8) To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or
Vpp — 0.3V <DQ < Vpp.

9) Active current refers to supply current during active temperature conversions or EEPROM writes.

10) DQ line is high (“high-Z" state).

11) Drift data is based on a 1000-hour stress test at +125°C with Vpp = 5.5V.
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AC ELECTRICAL CHARACTERISTICS—NV MEMORY
(-55°C to +100°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
NV Write Cycle Time twr 2 10 ms
EEPROM Writes NEEwr «55°Cto+55°C 50k writes
EEPROM Data Retention tEEDR -55°C to +55°C 10 years

AC ELECTRICAL CHARACTERISTICS

(-65°C to +125°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS | NOTES
9-bit resolution 93.75
Temperature Conversion ) 10-bit resolution 187.5 - 1
Time —— 11-bit resolution 375
12-bit resolution 750
. Start Convert T
Time to Strong Pullup On tsPON N —— 10 s
Time Slot tsLor 60 120 LS 1
Recovery Time tREC 1 s 1
Write 0 Low Time tLowo 60 120 LS 1
Write 1 Low Time tLowi 1 15 us 1
Read Data Valid trRDV 15 s 1
Reset Time High trsTH 480 us 1
Reset Time Low trsTI 480 Hs 1,2
Presence-Detect High tPDHIGH 15 60 s 1
Presence-Detect Low tppLow 60 240 s 1
Capacitance Civour 25 pF
NOTES:
1) See the timing diagrams in Figure 18.
2) Under parasite power, if trs1. > 960pus, a power-on reset may occur.
Figure 17. Typical Performance Curve
DS18B20 Typical Error Curve
0.5
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DS18B20

Figure 18. Timing Diagrams
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DS18B20

REVISION HISTORY

REVISION PAGES

DATE DESCRIPTION CHANGED
In the Absolute Maximum Ratings section, removed the reflow oven

030107 temperature value of +220°C. Reference to JEDEC specification for reflow 19
remains.
In the Operation—Alarm Signaling section, added “or equal to” in the 5
desciption for a TH alarm condition

101207 In the Memory section, removed incorrect text describing memory. 7
In the Configuration Register section, removed incorrect text describing 8
configuration register.
In the Ordering Information table, added TO-92 straight-lead packages and

042208 included a note that the TO-92 package in tape and reel can be ordered with 2

either formed or straight leads.
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SPECIFICATION

Splilt-core current

Customer Title : XiDi Technology Product Name:

Manufacture Model : SCT-013-030 transformer

Charateristics: open size:13mmX 13mm
Im leading wire
Core material:Ferrite
Fire resistance property:in accordance with
UL 94-V0
Dielectric strength: 1500V AC/Imin 5mA
(between shell and output)

Outline size diagram: (in mm)

e 32+0.5
(13,
A
i Y =%
=l
— \ [ et T = e
7 o ks 0-30A
4y = I
S Wy A
- s l' RL Vout
é Build-in 0-1V
y Voltage output type
23.5+40.5
< > L A2 o
Front View Side View Schematic Diagram
Typical table of technical parameters:
input current | output voltage non—linearity build-in sampling resistance (RL)
0-30A 0-1V +1% 62 0

work temperature |dielectric strength(between shell and output)

turn ratio resistance grade
-25C~+70C 1500V AC/Imin 5mA

1800:1 Grade B

Customer Sign:

Beijing YaoHuadechang Electronic Co., Ltd
Phone: 0355-7929499-803
Cell: 13693334514

Contact Name: Engineer Chen
Approve Sign:Chenjianping 2011-7-21




