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= DALLAS AWML AKXV High-Precision
1-Wire Digital Thermomete r

WWW.maxim -ic.com

FEATURES PIN CONFIGURATIONS

=  Unique 1-Wir€ Interface Requires Only One
Port Pin for Communication DALLAS

= Each Device has a Unique 64-Bit Serial Code DS1820
Stored in an On-Board ROM

=  Multidrop Capability Simplifies Didributed
Temperature Sensing Applications

= Requires No External Components

= Can Be Powered Frolata Line. Power
Supply Range is 3.0V to 5.5V

= Measures Teperatures from55°C to
+125°C (-67°F to +257°F)

= +0.5°C Accuracy from10°C to +85°C
= 9-Bit Thermometer Restution pini .
= Converts Temperature in 758ifmax) % g8 £ 5(85(122;“0"5)
= User-Definable Nonvolatile (NV) Alarm
Settings
= Alarm Search Comind Identifies and G
Addresses Bvices WWhose Terperature is
Outside Prgrammned Limits (Tenperatue (BOTTOM VIEW)
Alarm Condition) TO-92
= Applications Include Therpstatic Controls, (DS18S20)

Industrial Systers, Consurar Products,
Thernometers, or Any Therraly Sensitive
System

DESCRIPTION

The DS18S20 digital thermmeter provides 9-bit Celgs tenperature reasurerants and hasnaalarm
function with nonvolatile userrpgramnable upper and lower trigger points. The DS18S20
communicates over a 1i¥¢ bus that by definitiorequires only one data line (and ground) for
communication with a centralioroprocessor. It lsaan operating teperature range of -55°C to +125°C
and is accrate to+0.5°C over the range of —10°C to +85°C. In addition, the DS18S20 can derive power
directly from the data line (“parasite power”)ingihating the need for an external power supply.

Each DS18S20 has a unique 64-bitad code, whichallows multiple DS18S20s tounction on the sae
1-Wire bus. Thus, it is sipke to use one mroprocessor to control amy DS18S20s distributed over a
large area. Applicationshat can bnefit from this feature include HVAC envirorental controls,
temperature monitoring systesrinsde buildings, equipent, or nachinery, and processomitoring and
contrd systens.

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

PART TEMP RANGE PIN-PACKAGE TOP MARK
DS18S20 —55°Cto +125°C 3 TO-92 DS1820
DS18S520+ —-55°Cto +125°C 3 TO-92 DS1820
DS18S20/T&R -55°Cto +125°C 3 T0O-92 (2000 Piece) DS1820
DS18S20+T&R —55°Cto +125°C 3 TO-92 (2000 Piece) DS1820
DS18S20-SL/T&R —55°Cto +125°C 3 T0O-92 (2000 Piece)* DS1820
DS18S20-SL+T&R —55°Cto +125°C 3 T0O-92 (2000 Piece)* DS1820
DS18520Z —55°Cto +125°C 8 SO DS18S20
DS18520Z+ -55°Cto +125°C 8 SO DS18S20
DS18S20ZTr&R —55°Cto +125°C 8 SO (2500 Piece) DS18S20
DS18S20Z# &R -55°Cto +125°C 8 SO (2500 Piece) DS18S20

+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
NAME FUNCTION
TO-92 SO
1 5 GND Ground
Data Input/Output. Open-drainWire interface pin. Also provides
2 4 DQ power to the device when usedparasite power ode (see the
Powering the DS18SZXection.)
Optional \bp. Vpp must be grounded for ogaion in parasite
3 3 Vb
power node
— L 2é6’ £ N.C. NoConnection
OVERVIEW

Figure 1 shows a block diagraof the DS1830, and pin descriptions are given in #i@ Description
table. Tlke 64-bit ROM dores the déce’s unique serial code. The sigpad nemory contains the 2-byte
temperature register that store®ttigital output fronthe temperater sensor. In addition, the scratchpad
provides access to the 1-byte upped dower alarntrigger registers (Tand T). The Ty and T registes
are nonvolatile (EEPROM), sodh will retain éta when the device is p@red down.

The DS18S20 uses Maximexclusive 1-We bus potocol that inplements bus communication using
one control signal. The control limequires a weak pullup resistor cirall devices are linked to the bus
via a 3-state or open-drain pdthe DQ pin in the case of the D&S20). In this bus systenthe
microprocesor (the master deice) identifies ad addresses devices on the bus ugagh device’s unique
64-bit cock. Because each device hasinique cde, the number of devices that caa &ddresed on one
bus is virtually unlinted. The 1Wire bus protocol, icluding detailed explanatns of the comiends and
“time slots,” is covered in the-Wire Bus Systesection.

Another feature of the DS18S20 isthbility to operate without aexterral paver supply.Power is
instead supplied through theWhe pullup resistovia the DQ pin when the bus is high. The high bus
signal also charges antémnal capacitor (&p), which then spplies powe to the deice when théus is
low. This nethod of deriving power fronthe 1-Wre bus is referred to as “parasite power.” As an
alternative, the DS18S20apalso bepowered by an external supply oppV
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Figure 1. DS18S 20 Block Diagram

Vpy
4.7k PARASITE POWER DSl8820
MEMORY CONTROL
CIRCUIT S LoGIC
..... = >
DO L 4
—] TEMPERATURE SENSOR
INTERNAL Vpp 64-BIT ROM
AND
GND I 1-Wire PORT ALARM HIGH TRIGGER (T4)
g Cep SCRATCHPAD [P "~ eGisTer (EEPROM)
PN ALARM LOW TRIGGER (T.)
COWER. REGISTER (EEPROM)
Voo I— SUPPLY
SENSE
@P| 8BIT CRC GENERATOR

OPERATION—MEASURING TEMPERATURE

The core functionality of the DS18S20 is its direz@igital tenperature sensoilhe tenperature senso
output has 9-bit resolution, which corresponds t6@.8teps. The DS18S20 perg-up in a low-power
idle state; to initiate a tempeuaé neasurenent and A-to-D conversig the naster nust issue a Convert
T [44h] command. Following the conversion, the hesg thermal data is stored in the 2-byte
temperature register in the scratchpadmory and tle DS18S20 returns to its idé&ate. If the 318520
iIs powered by an external supply, thaster can issue “read-temslots” (see thd-Wire Bus System
section) after the Caert T command and he DS18S20 will respnd by tragmitting 0 while the
tenperature conversion is in progress and 1 wherctnversion is done. If¢hDS18S20 is powered with
parasite power, this notificaticcechnique cannot be used since Itis nust be pulled high by a strong
pullup during the entire teperature conversion. The bresquirenents for parasit@ower are explained in
detail in thePowering the DS18SZ&ction.

The DS18S20 output data is calibchia degrees centigrade; for Fahnen applications, a lookup table
or conversion routine must beeads The temperature data is stbras a 16-bit gh-extended two’s
conplement nunber in the terperature regier (e Figure 2). The sign bit€S) indicde if the
tenperature is positive or negativerfpositive nunbers S = 0 and for negative numbers S = 1. Table 1
gives examles of digital output datand the correspondingnperature reading.

Resolutios greater than 9 bits can be calculatethgishe déa from the tenperature, COUNT REMAIN
and COUNT PERC registers in the scratchpad. Notathhe COUNTPER T register is hard-wired to

16 (10h). After reading the scratchpad, the TERBAD value is obtained by truncating the @it

(bit 0) from the tenperatue data (see Figure 2Jhe extended resolution temperature can then be
calculated using the following equation:

COUNT_PER_C-COUNT_REMAIN
COUNT_PER C

TEMPERATUR =TEMP_READ- 025+
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Figure 2. Temperature Register Format

BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT O

LSBYTE | 2° 2 | 2 | 2 | 22 | 22 | 22 | 2t |
BITI5S  BIT14  BIT13  BIT12 BIT11 _ BIT10 BIT 9 BIT 8

MSBYTE| S s | s | s | s | s | s | s |

S =SIGN

Table 1. Temperature/ Data Relationship

TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT

(°C) (BINARY) (HEX)
+85.0* 0000 0000 1010 101 00AAh

+25.0 0000 0000 0011 001 0032h

+0.5 0000 0000 0000 0007 0001h

0 0000 0000 0000 000( 0000h
-0.5 1111 1111 1111 1111 FFFFh
-25.0 1111 1111 1100 111C FFCEh
-55.0 1111 1111 1001 001( FF92h

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

OPERATION—ALARM SIGNALING

After the D518S20 perforra a temperatte corversion,the tenperatue valueis compared to the use
defined two’s comlement alarmirigger values stored in the 1-bytg &nd T registers (see Figure 3).
The sign bit (S)ndicates if the vale is positie or negative: dr positive nunbers S = 0 andof negatie
nunbers S = 1. The Jand T registers are nonvolatile FPROM) sothey will retain data Wwen the
device is powered downgTand T can be accessedtlugh bytes 2 and of the scratchpad aspained
in theMemorysection.

Figure 3. TH and T Register Format

BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
S 2 | 22 | 22 | 22 | 22 | 2 | 22 |

Only bits 8 through 1 of the tgrarature register are used in the dnd T. conparison since { and T_

are 8-bit reggters. If the rmasured teperature is lower thaor equal to T or higher than {, an alarm
condition exists and an alarftag is set inside the DS18S20. This flagupdated after every tqerature
measurerant; thereforejf the alam condition goes away, the flag wille turnd off after the nek
termperature conversion.

The nester device can check the alarm flag statuslddS18S20s on the bus by issuing an Alarm Search
[ECh] comnand. Any DS18S20s with set alarnflag will respond tahe comnand, so tb nmester can
deternine exactly which DS18S20s have experiencedlaomcondition. If an alarm condition existsdan
the Ty or T, settings have changed, anothergerature onversion should be done to validate the alarm
condition.
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POWERING THE DS18S20

The DS18S20 can be powered by an external supply ongtheil, or it can operate in “parasite power”
mode, whit allows the DS18S20 to function withoatlocal external supply. Rasite power is very
useful for applications that regai renote temperature sensing tmat are very space wsirained.
Figure 1 shows the DS18S20’s paragitaver control circuitry, which ‘teals” power fromthe 1Wire
bus via the DQ pin when the bushigh. The stolen charge powere thS18S20 while the bus is high,
and some of the charge is sted on the parasite power capacitopRfto provide powewhen tte bus is
low. When the DS18S20 is used in parasite @omode, the Vp pin must be connected to ground.

In parasite power ode, the 1-We bus and gp can provide sufficient current to the DS18S20 fastm
operations as long as the specifiediignand voltage requireents are mat (see theDC Electricd
Characteristicsand theAC Electrical Characteristigs However, when the DS18S20 is penhorg
temperature conversions or copying data from thratsbpad remory to EEPR®, the operating current
can be as high as 1.5mA. This current can €ansinacceptable voltage drop across the weskire
pullup resistor and is ane curent than can be supplied bygCTo assure that the DS18S20 has sufficient
supply current, it is necessary pvovide a strong pullup on the Wire bus whenever temperature
conversios are taking place rodata is being copieffom the scratgbad to EEPROM. This can be
acconplished by usinga MOSFET to pull the s directlyto the rail asshown in kgure 4.The 1-Wre
bus nust be switched to the strong pullup withinusQmax) after a Convert T [44h] or Copy ratchpad
[48h] command is issued, and thesbwust be held high by the pulb for the duration of the conversion
(tconv) Or data transfer (tr = 10ns). No other activity can take gite on the 1-\ive bus while the pullup
IS enaled.

The DS18S20 can also be poweredh® conventional ethod of connectig an external power supply to
the Vpbp pin, as shown in Figure 5. The advantagdahi$ nethod is thatthe MOSFET pullup is not
required, and the 1-W& bus is free to carry otht&raffic during the termperature conversion tien

The use of parasite power is netommended for teperatures above 100 since the DS18S20ay not
be able to sstain communicationsug to the igherleakage currds that can eist at these teperatures.
For applications in which such teeratures arékely, it is strongly recoomended that the DS18S20 be
powered by an external power supply.

In sorre situations the bus aster may not knowvhether the DS18S20s on the bus are parasite powered
or powered by external supplies. Thester needs th information to déermine if the strong bus pullup
should be used during temperatuoawersions. To get this infmation,the nmaster can issue &i{p ROM
[CCh] comnand followed by a Bad Power Supply [B4h] command lfowed by a “read-tira slot”.
During the readime slot, paasite powered DS18S20s will guthe bus low, andextenally powered
DS18S20s will let the bus ream high. If the bus is pulled low, the master knows that uistrsupply the
strong pullup on the 1-W& busduring tenperature conversions.

50f23



DS18520

Figure 4. S uppl ying the Parasite-Pow ered DS18S20 During Temperature Conversions

ey
DS18S20
Voo GND DQ Vmp
uP |
47k
- TO OTHER
41 Wire BUS : 1-WIRE DEVICES

Figure 5. P owering the DS18S20 with an E xternal Suppl y

Vey DS18S20 Voo (EXTERNAL SUPPLY)
uP GND DQ Voo
47K %7 l L1
1 Wre BUS I-(\)/VIORTlli-l EFE{VICES

64-BIT LASERED ROM CODE

Each DS18S20 contains a unique 64-bit code (see Faywtered in ROM. The least significant 8 bits of
the ROM code contain the DS18S20’s 1r¥\Vfanily code: 10h. The next 48 bits contain a unique serial
number. The nost significant 8 bits contain a cycliedundancy check (CRC) byteat is calculated from
the first 56 bits of the ROMardle. A detailed explanation die CRC bits is provided in thERC
Generation section. The 64-bit ROM code and ass@@aROM function control logic allow the
DS18S20 to operate as a lird/deviceusing the protocol detailed in theWire Bus Systesection.

Figure 6. 64-Bit Lasered ROM Code

| 8-BIT CRC | 48-BIT SERIAL NUMBER | 8-BIT FAMILY CODE (10h) |
MSB LSB MSB LSB MSB LSB
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MEMORY

The DS18S20’'s mmory is organized as shown iRigure 7. The mmory consists of an SRAM
scratchpad with nonvolatie EEPROM storage fa kiigh and low alarntrigger registers (I and T)).
Note that if the DS18S20 alarfunction is not used, theqTand T. registers can serve as general-purpose
memory. All memory commands ardescriled in detail in thddS18S20 Function Commansisction.

Byte 0 and byte 1 othe scratchpad contain tHeéSB and the MSB of the tgperatue regster,
respectivelyThese btesare read-oly. Bytes 2 and 3 pvide access tofand T registers. Bytes 4 and
5 are resemd for irternal ue by the device ancannotbe overwritten these btes will return all 1Iswhen
read. Bytes 6 and 7 contain the COUNT R&M and COUNT PER °C registers, which can be used to
calcdate extended refdion results as explained in t@peration—Measuring Temperatusedion.

Byte 8 of the scratchpad is read-only and contdiasCRC code for bytes 0 through 7 of the scratchpad.
The DS18S20 generates this CRC using thhod described in thERC Generatiosection.

Data is written to bytes 2 and 3 of the scratchpsing the Wite Scratchpad [4Eh] command; the data
must be trasmitted to the DS18S20 starting with @hleat significart bit of byte 2. To very data
integity, the scréchpal can be rad (using the Read Scrat@up [BEh] comnand) after te data is
written. When reading the scratchpad, data is tramefl @er the 1-Wre bus srting with the leds
significant bit of byted. To transfer the Jand T data fom the scrichpal to EEPROM, the aster nust
issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers igamed wherthe device is powered down; at power-up ti&PROM
data is reloaded into the compesding scratchpad locatiari3ata can also be reloaded fr&iBPROM to

the scratchad at any tira using the Recall 2E[BSh] comnand. The rastercan issue “read-tim slots”
(see thel-Wire Bus Systemsection) following te Recall B command and the DS18S20 will indicate the
status of tk recall by transitting O while the recall is infpgress and 1 when the recall is done.

Figure 7. DS18S20 Memor y Map

SCRATCHPAD
(POWER-UP STATE)
Byte 0| Tenperature LSB (AAh (85°C)
Byte 1| Tenperature MSB (00h EEPROM
Byte 2| Ty Register or User Byte 1* <+—»| Ty Register or User Byte 1
Byte 3| T. Register or User Byte 2* <+—»| T, Register or User Byte 2

Byte 4| Reserved (Fh)
Byte 5| Reserved (Fh)
Byte 6| COUNT REMAIN (0Ch)
Byte 7| COUNT PER °C (10h)

Byte 8| CRC*
* Power-up state depends wdue(s) gored in EEPROM.

7 of23



DS18520

CRC GENERATION

CRC bytes are provided as parttioé DS18S20’s 64-bit R®@ code and irthe 9th byte of the scratchpad
memory. The ROM cod€RC is calculted fromthe first 56 bits of th&@OM code and is contained in the
most signifcant byte ® the ROM. The scrahpad CRC is caldated from the data stocein the
scratchpad, and therefore it changé®n the data in the scratchpad changes. The CRCs provide the bus
master with a rethod of data validation when dataéad from the DS18S20. Tonfy that data has been
read correctly, the busaster nust re-calculate the CRC frno the recered data and then cquare this
value to either the ROM code CR®I(fROM reads) or to the scratclp&RC (for scratchpad reads). If
the calculated CRC aches the rea@RC,the data has been receivexdor free. The amparison of CRC
values and the decision to continugh an operation are detemmed ettirely by the bus raster. There is
no circutry inside the DS18S20 that pets acomnmand sequencedm proceeding if the DS18S20
CRC (ROM or scratchpad) does nadtain the value generated by the buaster.

The equivalent polynoral function ofthe CRC (ROM or scratchpad) is:
CRC=X+X+X'+1

The bus raster can re-calculate the CRC andnpaee it to the CRC values frotine DS18S20 ang the
polynomal generator shown in Figu& This circuit consists of a shifegister and XOR gates, and the
shift regsterbits are intialized to 0.Stating with the leas sgnificart bit of the ROM code o the lead
significant bit of byteO in the scratchpadne bit at a tira shoull shifted into the sft register. After
shifting in the 56th bit fom the ROM or the mossignificant bit of byte 7 from the scratchpad, the
polynomal generator will contain #hre-calculated CRC. Next, theb8-ROM code orscratchpad CRC
from the DS18S20 st be shifted into the circuit. Ahis point, if the re-callated CRC was correct, the
shift regiger will containall 0s.Additional information about the Maxim Wire cyclic redundaty check

is available inApplication Note 27: Understanding and Using Cyclic Redundancy Checks with Maxim
iButton Products.

Figure 8. CRC Gene rator

INPUT

RESEEEECENIONEENENEC
(MSB) (LSB)
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1-WIRE BUS SYSTEM

The 1-Wre bus systenuses a single busaster tocontrol one or mre slave devices. The DS18S20 is
always a slave. Wen tere is onlyone slave on thbeus, the systens referred to as a “single-drop”
system the systenis “multidrop” if there ag multide daves on the bus.

All data andcommands are trangted leas sigrificant bt first over the iWire bus.

The following discussion of the 1-W¢ bus systemis broken down into three topics: hardware
configuration, transaitin sequence, and 1ivé signding (signal types and timg).

HARDWARE CONFIGURATION

The 1-Wre bus has by definition only single data line. Each deviceg#er or slave) iterfaces to tke
data line via an open drain or 3-state port. THmns each device to “releasétie data line when #h
device is nbtransnitting data sahe bus isavalable for usee by anothedevice. Tle 1-Wire port ofthe
DS18S20 (the DQ pin) is open drain with an intemiauit equivalent to that shown in Figure 9.

The 1-Wre bus requires an externalllup resistor of approxiately 5kQ; thus, tke idle stée for the
1-Wire bus is high. If foany reason a transaction neeabe suspended, the bus MUST be left in the idle
state if the transaction is to re@sel Infinite recovery tine can occubetween bits so long as the 1i+é/
bus is in thanactive (high) state dumg the recwery period. If the bus is held low forore than 48(s,

all conrponents on theus will be reset.

Figure 9. Hardw are Configuration

Veu
DS18S20 1-Wire PORT

4.7k DQ
PIN

1-Wire BUS 1
Rx—O<K :
5pA
TYP | X
Tx ! 100Q
MOSFET
Rx = RECEIVE
Tx = TRANSMIT
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TRANSACTION SEQUENCE
The tranaction sequence for accespthe DS18S20 is as follows:

Step 1lInitialization
Step 2ROM Comnand (ollowed by any required data exchange)
Step 3DS18S20 Function Command (foled by any required data exchange)

It is very importar to follow this segience evey time the DS18S20 is aessed, as thBS18S20 will nod
respond if any steps in the sequence aiissimg or oubf order. Exceptions to ihrule are the Search
ROM [FOh] and Alam Search [EChcommands. After issuing eitheof these ROM comands, the
master nust return to Step 1 in the sequence.

INITIALIZATION

All transactions on the 1-ik& bus begin with amitialization sequeoe. The initialization sgience
consists ofa rese puse transnited by the busmaster bllowed by preence pulse{stransnitted by the
slave(s). Tk presence pulse lets the buastar knowthat slave devices (such as the DS18S20) are on the
bus and are ready to operate. ifighfor the reet and presee pulses is detailed in tHeWire Signaling
section.

ROM COMMANDS

After the bus raster has deteetl a presence pulse, it can ssa FOM command. These comands
operate on the unique 64-bit ROM codes of each slavealawd allow the aster to single out a specific
device if many are present on the 1+ bus. These comands also allow the aster to deterine how
many and what types of deviceseapesen on the bs orif any device has experienced an alarm
condition. There are f&/y ROM commands, and each cowmd is 8 bits Ing. The naster device st
issue an appropriate ¥ command before $suing a DS18S20 function command. A flowchart for
operation of the ROM commands is shown in Figure 14.

SEARCH ROM [FOh]

When a systens initially poweredup, the naster nust identify the RM codes of all slave devices on
the bus, which allows ¢ghnmester to deterime the nuber of slaves and their dee types. Ta nmaster
learns the BM codes through a process of dlationthat requires the asterto performa Search ROM
cycle (i.e., #arch ROM command followed bytd exclang) as nany times as necessary to idiéy all

of the slave devices. If there amly one slave on the bus, thengier Read ROM command (see below)
can be used in place of the Search ROM procees.a detailed »@planaton of the Search ROM
procedure, refer to théButtor? Book of Standardst www.maxim-ic.comfibuttonbook After every
Search ROM cycle, the busagter must retun to Step 1 (litialization) in the transaon seqenc.

READ ROM [33h]

This comnand can only be used when there is sfae on the bus. It allows the busster to read the
slave’s 64-bit ROM code without ugj the Search ROM procedure.thfs comnand is used when there
is more than one slavepresen on the bus,a datacdlision will occur when all the slass denpt to
respond at the saime.

MATCH ROM [55h]

The natch ROM command followed by a 64-bit ROM coskxyuence allows the busster to address a
specific dave deviceon a multidrop or sinde-drop bus. Only the slave that astly meiches the64-bit
ROM code sequence will respond to the function comnisswkd by the aster; all other slaves on the
bus will wait for a rest pulse.

iButton is a registered trademark of Maxim Integrated Products, Inc.

100f 23



DS18520

SKIP ROM [CCh]

The mester can use this command to address allcdsvon the bus simultanesby without sending out
any ROM code informtion. For examle, the naster can reke all DS18S20s on the bus perform
simultaneous temperature conversits by issuing a Skip ROM conand followed by a Convert T [44h]
command.

Note that tle Read Scratchpad [BEh] command ¢aliow the SkipROM comnand only ifthereis a
single slave device on the bus. In this caseg tssaved by allowing thenasterto read fromthe slave
without sending the device’'s 64tlROM code. A Skip ROM comard followed by a Read Scratchpad
command will cause a data collision thre bus if there is pre than oneslave since multiple devices will
attenpt to transnit data sinultaneously.

ALARM S EARCH [ECh]

The operation othis comnand is identical to theperation of the Seeh ROM comnand except that
only slaves with a set alarfrag will respond. This comnand allowsthe naster device taleternne if
any DS18S20s experienced alarm condition duringthe nost recent temerature conerson. After
every AlarmSearch cycle (i.e., Alarm Search comméitbwed by data exchange), the buaster nmust
returnto Step 1 (Initialization) in the trarsaction sequencee® theOperation—Alarm Signalingection
for an explanation of alariitag operation.

DS18520 FUNCTION COMMANDS

After the hus mester has used a ROM coranmd to address th DS18S20 with which it wishes to
communicate, the aster canissue me of theDS18S20 function commands. These commands allew th
master to write to and read frothe DS18S20’s scratchpademory, inttiate tenperature conversions and
deternine the power supply ade. The DS18S20 fution commands, which argescribed below, ae
summarizedn Table 2 and illusated by the flarchart in Fgure 15.

CONVERT T [44h]

This comnand initiates a single temperature corsien. Following the conversion, the resulting tharm
data is ®ored in the 2-lyte tenperature registein the scré&chpad nemory and the DS18S20 rens to its
low-power idle state. If the device isibg used in parasite powerode, within 1Qus (max) after this
command is issued theaster nust enable a stng pullup on the 1-We bus for the duration of the
conversion @ony) as described in theowering the DS18S2ection. If the DS18S20 is powered by an
exterral sumly, the nmaster can issue redtme sbts after the Convert T oumand and the DSE20 will
respond bytransniiting O while the terperature conversn is in progres and lwhen the conversiorsi
done. In parasite power mode this notificatiorhteque cannot be used since the bus is pulled high by
the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This comnand allows tkb mester to write 2 byteof data to the DS18S20’s scratchpad. The first byte is
written into the T, register (byte 2 of the satchpad), and the secondtéys written into the [T register
(byte 3 of the scatchmad). Data mast betransnitted least signficant bit irst. Both bytes MUST be
written bebre the naste issue a reset, or the data ag be corrupted.

READ SCRATCHPAD [BEh]

This command allows eéhnester to ead the contents dlfie scratchpad. The datarséer stats with the

least significanbit of byte 0 and continugkrough the scratchpad until tB¢h byte (byte 8 — CRC) is
read. The masteray issue a reset to temate reading at any tienif only part of the scratclagl data is
needed.
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COPY SCRATCHPAD [48h]

This comnand copies th contents of the scrajgdd Ty and T registers (bytes 2 and 3) to EEPROM. If
the device is being used parasite power ode, within 1Qs (max) ater this conmand is issued the
master nust enable a strong pullup on the 1+@/bus for at least 10snas described in tHeowering tte
DS18S2Gection.

RECALL E? [B8h]

This comnand redlls the alarmtrigger vdues(Ty and T) from EEPROM and placake data in bytes 2
and 3, respectively, in the scratchpaehmary. The naster avice can isue read-tira slots follaving the
Recall B command and the DS18S20 willdicate thestatis of the recall by tr&nitting 0 while the
recdl is in progress and 1 when the rk¢a dore. The recall operation happens austically at power-
up, so valid data is available in the scratchpa soon as power is applied to the device.

READ POWER SUPPLY [B4h]

The mester device issues this command followed bgaatime slot to d@termine if any DS18S20s on the
bus are usig parasite power. During the retihe sbt, paraite powered DS18S20s will pull the bus low,
and externally powered DS18S20dl Wet the bus rerain high. See te Powering the DS18S2€ection
for usage inforration for this comrand.

Table 2. DS18S20 Function Command Set

1-WireBUSACTIVITY
COMMAND DESCRIPTION PROTOCOL AFTER COMMAND IS NOTES
|SSUED
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates tenperature DS18S20 transits conversion
conversion. 44N status to raster (not aplicable 1
for parasite-powered
DS18S20s).
MEMORY COMMANDS
Read Reads the dine DS18S20 transits up to 9
Scratchpad scratchpad including the BEh data bytes to aster. 2
CRC byte.
Write Writes data into Master transiits 2 data bytes
Scratchpad scratchpad bytes 2 and 3 4Eh to DS18S20. 3
(Ty and T).
Copy Copies T, and T, data None
Scratchpad from the scratchpad to 48h 1
EEPROM.
Recall B Recalls T, and T. data DS18S20 transits recdl
from EEPROM to the B8h status to raster.
scratchpad.
Read Power | Signals DS18S20 power DS18S20 transits supply
Supply supply node to the B4h status to rester.
master.

Notel:  For pasite-pwered DS18S2Gs, the mastermust eralde a stong pulup on the 1-Wre bus during tenperature
convesions ad copiesfrom the scatchpadd EEPROM No othe busactivity may take place during this tien

Note2:  The nester can iterrug the trarsmssion of data at a time by issung areset.

Note3:  Both bytes nust be written before areset isssied
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1-WIRE SIGNALING

The DS18S20 uses a strict 14/ canmunication protocol to ensure dataegrity. Several signal types
are defined by this protocol: reset pulse, presguise, write 0, write 1, read 0, and read 1. All these
signals, with the exception tfe presnce puls, are intiated by the bus aster.

INITIALIZATION PROCEDURE— RESET AND PRESENCE PULSES

All communication with the DS18S20 gms with an initidization sequene that consists oareset pule
from the naster followed by a presence pulse frime DS18S20. This is illustrad in Figure 10. \en
the DS18S20 sends the presence pulsespolse tothereset, it is indicatingto the master tha it is on
the bus and ready to operate.

During the initialization sequercthe bus nastertransnits (Tx) therest pulseby puling the 1-Wire bus
low for a minimum of 48Qus. The bus m@ster then releasabe bus ad goes intoreceive node (R).
When the bus isdeasal, the 5K2 pullup resistor pulls the 1-Wé bus high. Wien the DS18S20 detects
this rigng alge, it wats 15us to 6Qus and then trandgits a presence pulse by pulling the 1rgVbus low
for 60us to 24Qs.

Figure 10. Initialization Timing

MASTER Tx RESET PULSE MASTER Ry
480ps minimum —p|< 480ps minimum q|
DS18S20 Ty
DS18S20 <«—— presenc e pulse
walits 15-60 ps —p « 60-240 ps

Vpy

1-WIRE BUS

-

LINE TYPE LEGEND
= Bus master pulling low

DS18S20 pulling low
Resistor pullup

READ/WRITE TIME SLOTS
The bus raster writes data to the DS18S20 durimgte time slots and reads data fraimee DS18S20
during readtime slots. One bit oflata istransnitted over the 1-We bus per tiraslot.

WRITE TIME SLOTS

There are two types afrite time sbts: “Write 1” time slots and “Wte 0” time slots. The bus aster
uses a Wite 1 time slot to write a loig 1 to the DS183&) and a Wite 0 time slot to write a logic Qo the
DS18S20. All write tine slots nust be a rmimum of 6Qus in duration with a mmimumof a lus recovey

time between individual write slotBoth types ofwrite time slots ee initiated by the raster pulling the
1-Wire bus low (see Figure 11).

To generate a Vite 1 time slot, ater pulling the 1-Vife bus low, the bumaster must release the 1-Wire
bus within15us. When the bus is released, theCbpullup resistor will pull te bus high. To generate a
Write O time slotafter pulling the 1-Vite bus low, tk bus naster nust continueto hold the bus low for
the durdéion of the tine slot (at leas60us). The DS18S20 samples the 1F\bus during a window that
lasts from15us to 6Qus ater the naster initidesthe write tine slot. If the bus is high during the spiing
window, a 1 is written to thBS18S20. If the line is low, a 0 is written to the DS18S20.
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READ-TIME SLOTS

The DS18S20 can only trangrdata to the raster wherthe mester isses reaeime slots. Therefore, the
master nust generte read-time sbts imnediately after issuing a Redtratchpad [BEh] or Rel Power
Supply [B4h] comrand, so that the DS18S20 can provide requested data. &aldition, the raster can
generate read-timslots afterssuing Convert T [44h] or Ralt E? [B8h] commands to find out the status
of the operation as explained in h818S20 Function Commansisction

All read-time slots mst be a nmimum of 6Qus in duration with a mmimum of a us recovery tire
between slts. A readtime slot is initiated bythe nester device pulling the 1-é bus low for a
minimum of 1us and then releasing the bus (see Figure 11@r Aie master initias the readime slot,
the DS18S20 will &gin transnitting a 1 or Oon bus. Tk DS18S20 tramsits a 1 by leaving theus high
and transrits a 0 by pulling the bus low. bén tansnitting a0, the DS18S20 will tease the by the
end of the tire slot, and the bus will be pulled batik its high idle state by the pullup resister. Output
data fromthe DS18S20 is valid for 15 ater thefaling edgethat initiatel the rad-time slot. Theredre,
the nmaster must release the bus dhen sarple the bus stateithin 15us from the stat of the $ot.

Figure 12 illustrateshat the sumof TiniT, Tre, @and ampLe Must be less than LS for a reaetime slot.
Figure 13 shows that systeiiming margin is meximized by keeping fit and Trc as short as possible
and by locating the aster sample time during read-tine slots towards the end of theus5oeriod.

Figure 11. Read/Write Time Slot Timing Diagram

START
OF SLOT

START
OF SLOT

MASTER WRITE “0"SLO T

MASTER WRITE “1”SLO T
—P € 1ps < Trec < PO

—>

60us < Tx “0" <120 ps

<4— > 1ps

Vpuy

1-WIRE BUS
CND e ————————— R 11222112224
DS18S20 Samples DS18S20 Samples
MIN TYP MAX MIN TYP MAX
<+ 15us —»| <€ 15us »{€4— 30ps —>| <+ 15us >« 154 »|e— 30us —»p
MASTER READ “0” SL OT MASTER READ “1” SL OT
—>| +—— 1ps < Tree < O
Vpy
GND ..........................................
—> Master sa mples >1ps | Master sa mples
>1us —» |<—

15us —>|

LINE TYPE LEGEND
= Bus master pulling low

Resistor pullup

DS18S20 pulling low
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Figure 12. Detailed Master Read 1 Timing

Veu
1-WIRE BUS VIH of Master
(€] o Jm—
—— Tinr>1ps 444— Tre —> Master sa mples
< 15us >

Figure 13. Recommended M aster Read 1 Timing

Vpy
VIH of Master

Tint =[ Tre= Master sa mples {

small " small
< 15ps

1-WIRE BUS

A\ 4

LINE TYPE LEGEND
=mmmm Bus master pulling low

Resistor pullup
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Figure 14. ROM Commands Flow chart
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Figure 15. DS18S20 Functi on Commands Flow chart
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DS18520 OPERATION EXAMPLE 1

In this exanple there are nitiple DS18S20s on thbus and they arusing paasite power. The bus
master initiates a teperatue corversion in aspecific DS18S20 radl then reads its scratchpad and
recalculates the CRC to verify the data.

MASTER MODE DATA (LSB FIRST) COMMENTS

TX Reset Master isuesreset pulse.

Rx Presence DS18S20s respond wifiresence pulse.

TX 55h Master issues Match ROM command.

TX 64-bit ROMcode Master sends DS18S20 R:ode.

TX 44h Master issues Convert T monand.

Tx DQ line held higtoy Master applies strong pup to DQ for he duratiorof the

strong pillup conversion @ony).

TX Reset Master isuesreset pulse.

Rx Presence DS18S20s respond wifiresence pulse.

TX 55h Master issues Match ROM command.

TX 64-bit ROMcode Master sends DS18S20 R(:ode.

TX BEh Master isuesRead Scratgtad commad.
Master readentire scrathpad including CRC. Theaster
then recalculates the CREE thefirst eight data byesfrom the

Rx 9 data lptes scratchpad ahconpares te calculatedCRC with the read
CRC (byte 9). If they match, the naser continues; ifnot, the
read operation is repeated.

DS18520 OPERATION EXAMPLE 2

In this example there isnly one D38S20 on the bus and it is ngiparasite power. Ehmaster writesto
the Ty and T registers in the DS18S20 scratchpad and teads the scratchpahd recalclates tle
CRC to verify the data. Theaster then opies the scratchpad contents to EEPROM.

MASTER MODE DATA (LSB FIRST) COMMENTS
TX Reset Master isuesreset pulse.
Rx Presence DS18S20 responds wigiresence pulse.
TX CCh Master isuesSkip ROM command.
TX 4Eh Master issues Write Scratchpad command.
TX 2 data byes Master ends two data bes to scratchgh(Ty and T)
TX Reset Master isuesreset pulse.
Rx Presence DS18S20 responds wigitesence pulse.
TX CCh Master isuesSkip ROM command.
TX BEh Master isuesRead Scratghad commad.

Master readentire scrathpad including CRC. Theaster
then recalculates the CRE the first eight data khgsfrom

Rx 9 data lgtes the scratchpad and cparesthe calculated CRC with the
read CRC (byte 9). If thyematch, themaster continues; if not,
the read operation is repeated.

TX Reset Master isuesreset pulse.

Rx Presence DS18S20 responds wiglresence pulse.

TX CCh Master isuesSkip ROM command.

TX 48h Master issues CgpScratchpad command.

Tx DQ line held highoy Master applies strong pup) to DQ for at least 10mshile
strong pllup copy operatim is in pogress.
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DS18520 OPERATION EXAMPLE 3

In this example there is only oi@S18S20 on the bus and it is usipgrage power. The s master
initiates a temperature conversithren reads the DS18S26ratchpad ad calculates a higher resolution
result using the data from the tperature, COUNT REMAIN and COUNT PERC registers.

MASTER MODE DATA (LSB FIRST) COMMENTS
TX Reset Master isuesreset pulse.
TX Presence DS18S20 responds witiresence pulse.
TX CCh Master isuesSkip ROM command.
TX 44h Master issues Convert T monand.
Tx DQ line held highby Master applies strong pup) to DQ for he duratiorof the

strong pillup conversion @ony).

TX Reset Master isuesreset pulse.
Rx Presence DS18S20 responds wifiresence pulse.
TX CCh Master isuesSkip ROM command.
TX BEh Master isuesRead Scratqgtad commad.

Master readentire scrathpad including CRC. Thmaster
then recalculates the CREE thefirst eight data biesfrom the
scratchpad ahconpares te calculatedCRC with the read
Rx 9 data lptes CRC (byte 9). If they match, the naser continues; ifnot, the
read operation is repeated. The miaakeo calculatethe
TEMP_READ value and stores the contents of the COUNT
REMAIN and COUNT FER °C registes.

TX Reset Master isuesreset pulse.

Rx Presence DS18S20 responds wigiresence pulse.

CPU calculats extended resolution temperature using the
equation irthe Operation—Masuring Temperatursection.
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ABSOLUTE M AXIMUM RATINGS

Voltage Range on Any Pin Relative to Ground...........ccccccceeeeiiiiiiiiiiiiicccciiiiiiiieeeeen. 205V 10 +6.0V
Operating Bmperature RANQE...........oovviiiiiiiiiiiiie e e e eee et e e e e e aaaeeees 55C to +125C
Storage TempPeratUrEaRgE. ........ooiiiiiiiie et e e e et e e e e rae e eaeees -55C. to +125C
Solder TEMPEratUre........uuveeiieeiiiiieiiieeeeeeeee s Refer to tle IPC/JEDECI-STD-020 Specification.
Reflow OVE TEMPEIALUIE...........vvvviiiiiiiiieee e eeeeeeeeeeeeeeess s e e e e e e e eeeseesnnnnnnnn s s 220°C

These are tgess rdings only and functionlaoperation of the device athe® or awy other caditions
above those indicated in the operatisaetions of thisspedication is not implied. Exposure to absolute
maximum rating coritlons for exerded periods of time may afteeliability.

DC ELECTRICAL CHARACTERISTICS (-55°Cto +125°C;V pp=3.0Vto 5.5V)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX UNITS | NOTES
Supply Voltage Vop Local Power +3.0 +5.5 V 1
Pullup Supply Vv Parasite Power | +3.0 +5.5 Vv 19
Voltage PU Local Power +3.0 Vo ’
Thermometer t -10°C to +85°C +0.5 oC 3
Error ERR -55°C to +125°C +2
Input Logic-Low Vi -0.3 +0.8 V 1,4,5

Local Power +2.2 The lower
Input Logic-High Vi of 5.5 \% 1,6

. or

Parasite Power | +3.0 Vpp + 0.3
Sink Current I Vio = 0.4V 4.0 mA 1
Standby Current lops 750 1000 nA 7,8
Active Curent Ibp Vpp =5V 1 15 mA 9
DQ Input Current Ibo 5 LA 10
Drift +0.2 °C 11

NOTES:
1) All voltages are referenced to ground.

2) The Pullup Supply Voltage specifitton assumes that the pullup dmvis ideal, and therefore the
high level of the pullup is equal tosV. In order to mreet the W spec ofhe DS18S20, the actual
supply rail br the strong pullup transistorust include nargin for the voltage drop across the
transsta when it is tuned on; thUSVpu_ACTUAL = VPU_IDEAL + VTRANSISTOR.

3) See typical perforance curve in Fyure 16.
4) Logic-low voltages areecified at a sink current of 4mA.

5) To guarantee a presence pulse undendoltage parasite power conditions, Wax may have to be
reduced to as low as 0.5V.

6) Logic-high voltages are specified a source current of 1mA.
7) Standby current specified up to £Z0 Standby current typically i3 at +125C.
8) Tominimizelpps, DQ $hould be within the following ranges: GNDDQ < GND + 0.3V or
Vpp — 0.3V DQ< Vpp.
9) Active current refers to suppturrent during active teperatue conversions or EEPROM writes.
10)DQ line is high (*high-Z state).
11)Drift data is based on a 100@ur stress test at +125°C withyy/= 5.5V.
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AC ELECTRICAL CHARACTERISTICS— NV MEMORY
(-55°C t0 +100°C; V pp = 3.0V to 5.5V)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
NV Write Cycle Time twr 2 10 ms
EEPROM Wites Nepwr -55°C to +55°C 50k writes
EEPROM Data Retdion teepR -55°C to +55°C 10 years
AC ELECTRICAL CHARACTERISTICS (-55°Cto0 +125°C;V pp= 3.0V to 5.5V)
PARAMETER SYMBOL | CONDITIONS | MIN TYP MAX | UNITS | NOTES
Eanr]réoerature Conversion teony 750 ms 1
- Start Convert T
Time to Strong Pullup On tspon Command Esued 10 us
Time Slot tsLoT 60 120 us 1
Recovery Tine treC 1 us 1
Write O Low Tinme tLowo 60 120 us 1
Write 1 Low Tine fLow1 1 15 us 1
Read Data Valid trov 15 us 1
Reset Tine High trsTH 480 us 1
Reset Tine Low trRsTL 480 us 1,2
Presence-Detect High tpDHIGH 15 60 us 1
Presence-Detect Low tpoLow 60 240 us 1
Capacitane CinjouT 25 pF

NOTES:
1) See the tinng diagramin Figure 17.
2) Under parasite power, ikt > 96Qus, a power-on resetay occur.

Figure 16. T ypical Performance Curve
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Figure 17. Timing Dia grams
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REVISION HISTORY

REVISION PAGES
DATE DESCRIPTION CHANGED
In the Ordering Inforration table, aded TO-92 straight-lead packages anpd
042208 | included a ote that the TO-92 packagetmpe and reel cadve ordered with 2

eithe formed or staight leads.

230f 23

Maxim/Dallas Semiconductor cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim/Dallas Semiconductor product.
No circuit patent licenses are implied. Maxim/Dallas Semiconductor reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600

© 2008 Maxim Integrated Products

The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas logo is a registered trademark of Dallas Semiconductor Corporation.




