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DS1631/DS1631A/DS1731
High-Precision Digital
Thermometer and Thermostat

FEATURES PIN CONFIGURATIONS

= DS1631 and DS1631A Provid®.5°C
Accuracy over a 0°C to +70°C Range

= DS1731 Provides1°C Accuracy over a
-10°C to +85°C Range

= DS1631A Automatically Begins Taking
Temperature Measurements at Power-Up

= Operating Temperature Range: -55°C to HSOP
+125°C (_670F to +2570F) (DSl631U+, D81631AU+,

= Temperature Measurements Require No DS1731U+)
External Components

= QOutput Resolution is User-Selectable to 9,
10, 11, or 12 Bits

= Wide Power-Supply Range (+2.7V to +5.5V)

= Converts Temperature-to-Digital Word in
750ms (max)

= Multidrop Capability Simplifies Distributed

Temperature-Sensing Applications SO (150mil and 208mil)
» Thermostatic Settings are User-Definable (DS1631Z+, DS1631S+)
and Nonvolatile (NV) See Table 2 for Pin Descriptions

= Data is Read/Written Through 2-Wire Serial
Interface (SDA and SCL Pins)
= All Three Devices are Available in 8-Pin APPLICATIONS
uSOP Packages and the DS1631is Also = Network Routers and Switches

Available in a 150mil SO package—see = Cellular Base Stations
Table 1 for Ordering Information = Portable Products
= Any Space-Constrained Thermally Sensitive
Product
DESCRIPTION

The DS1631, DS1631A, and DS1731 ththermometers provide 20, 11, or 12-bit temperature
readings over a -55°C to +125°C rangee D51631 and DS1631A thermometer accuragis°C

from 0°C to +70°C with 3.0 Vpp < 5.5V, and the DS1731 accuracy-i5’C from -10°C to +85°C with
3.0V< Vpp<5.5V. The thermostat on all three devices pesicustom hysteresis with user-defined trip
points (Ty and T). The Ty and T, registers and thermometer configtion settings are stored in NV
EEPROM so they can be programmed prior gtaltation. In addition, the DS1631A automatically
begins taking temperature measurements at paperhich allows it todnction as a stand-alone
thermostat. Communication withe DS1631/DS1631A/DS1731 is ached through a 2-wire serial
interface, and three address pitieva up to eight devices to be multidropped on the same 2-wire bus.

Pin descriptions for the DS1631/D&31A/DS1731 are provided in Table 2 and user-accessible registers
are summarized in Table 3. A furartial diagram is shown in Figure 1.

For pricing, delivery, and ordering information, please contact Maxim Direct
at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com. 102307



DS1631/DS1631A/DS1731

Table 1. ORDERING INFORMATION

ORDERING PACKAGE
NUMBER MARKING DESCRIPTION

DS1631U+ D1631 (See Note) | DS1631 in Lead-Free 8-PuSOP
DS1631U+T&R | D1631 (See Note) 32(25631 in Lead-Free 8-Piu5OP, 3000 Piece Tape-and
DS1631Z+ DS1631Z (See Note) DS1631 in Lead-Free 150 mil 8-Pin SO
DS16317+T&R DS1631Z (See Note nSdl-GRSeleIm Lead-Free 150 mil 8-Pin SO, 2500 Piece T3
DS1631AU+ 1631A (See Note) | DS1631A in Lead-Free 8-PuSOP
DS1631AU+T&R| 1631A (See Note) [R)géLIGSlA in Lead-Free 8-PuSOP, 3000 Piece Tape-and-
DS1631S+ DS1631S (See Note) DS163llaad-Free 208 mil 8-Pin SO
DS1631S+T&R DS1631S (See Note nSdl_GR?;le;n Lead-Free 208 mil 8-Pin SO, 2000 Piece T3
DS1631+ DS1631 (See Note DS1631 in Lead-Free 300 mil 8-Pin DIP
DS1731U+ D1731 (See Note) | DS1731 in Lead-Free 8-PuSOP
DS1731U+T&R | D1731 (See Note) 32(25731 in Lead-Free 8-Piu5OP, 3000 Piece Tape-and
DS1631U D1631 DS1631 in 8-PiuSOP
DS1631U/T&R D1631 DS1631 in 8-PinuSOP, 3000-Piece Tape-and-Reel
DS1631Z DS1631Z DS1631 in 150mil 8-Pin SO
DS1631Z/T&R DS1631Z DS1631 in 150mil8n SO, 2500-Piece Tape-and-Reel
DS1631AU 1631A DS1631A in 8-PinSOP
DS1631AU/T&R | 1631A DS1631A in 8-PinuSOP, 3000-Piece Tape-and-Reel
DS1631S DS1631S DS1631 in 208 mil 8-Pin SO
DS1631S/T&R DS1631S ;)nsdl_GR?;le;n Lead-Free 208 mil 8-Pin SO, 2000 Piece T3
DS1631 DS1631 DS1631 in 300 mil 8-Pin DIP
DS1731U D1731 DS1731 in 8-PiluSOP
DS1731U/T&R D1731 DS1731 in 8-PinuSOP, 3000-Piece Tape-and-Reel

Note: A "+" symbol will also be markedn the package near the Pin 1 indicator

Table 2. DETAILED PIN DESCRIPTION

PIN SYMBOL DESCRIPTION
1 SDA Data Input/Output Pin for 2-Wire Serial Communication Port. Open-Dra
2 SCL Clock Input Pin for 2-We Serial Communication Port.
3 Tout Thermostat Output Pin. Push-Pull.
4 GND GroundPin
5 Ay Address Input Pin
6 Ay Address Input Pin
7 Ao Address Input Pin
8 Vb Supply Voltage Pin. +2.7V to +5.5V Power-Supply Pin.
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DS1631/DS1631A/DS1731

Figure 1. FUNCTIONAL DIAGRAM
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ABSOLUTE MAXI MUM RATINGS*
Voltage on any Pin Relative to Ground -0.5V to +6.0V
Operating Temperature Range -55°C to +125°C
Storage Temperature Range -55°C to +125°C
Solder Dip Temperature (10s) eSIPC/JEDEC J-STD-020A Specification
Reflow Oven Temperature +220°C

* 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.
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DS1631/DS1631A/DS1731

DC ELECTRICAL CHARACTERISTICS
(Voo = 2.7V t0 5.5V; Ta = -55T to +125T.)

PARAMETER SYMBOL CONDITION MIN MAX UNITS | NOTES
Supply Voltage Yo 2.7 5.5 V 1
0°C to +70°C,
3.0V < Vpp< 5.5V *0.5
DS1631, DS1631A S S o
Thermometer Error|  ErRR | 0°C 10 +70°C, +]1 c 2
2.7V< VDD< 3.0V B
-55°C to +125°C +2
-10°C to +85°C, +1
3.0V<Vpp< 5.5V -
‘[I?r?:rﬁgmeter Error] 1ERR | 10°C 10 +85°C, +1.5 C 2
2.7V<Vpp< 3.0V -
-55°C to +125°C +2
'\'/‘;‘l’;’a'é‘zve' Input Vi 05 | 03xVo | V
High-Level Input 0.7 x
Vogltage P V|H VDD VDD + 0.3 V
SDA Low-Level Vou1 3mA sink current 0 0.4 Vv
Output Voltage VoL2 6mA sink current 0 0.6
:/r'g”;iﬁ“”e”t Each 0.4 < Vio < 0.9Vbo 110 +10 LA
Temperature
conversion 1
-55°C to +85°C mA
Active Supply | Temperature 3
Current bb conversion 1.25
+85°C to +125°C
E” write 400 A
Communication only 110 H
gtuarrr‘sr?g’ Supply lstey | 0°C to +70°C 800 nA 4
Tout Output Logic Vou 1mA source current 2.4 \Y 1
Voltage VoL 4mA sink current 0.4 V 1
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DS1631/DS1631A/DS1731

AC ELECTRICAL CHARACTERISTICS
(Voo = 2.7V t0 5.5V; Ta = -55T to +125T.)

PARAMETER SYMBOL | CONDITION MIN TYP | MAX | UNITS | NOTES
9-bit resolution 93.75
10-bit 187.5
Temperature reso[utlon
Conversion Time tre 11-bit 375 ms
resolution
12-bit _ 750
resolution
SCL Frequency kL 0 400 kHz
Bus Free Time
Between a STOP and tsur 1.3 Us 5
START Condition
START and Repeated
START Hold Time tHD:sTA 0.6 HS 56
from Falling SCL
Low Period of SCL tow 1.3 Us 5
High Period of SCL HicH 0.6 Us 5
Repeated START
Condition Setup Time| tsyu:sta 0.6 us 5
to Rising SCL
Data-Out Hold Time t 0 0.9 S 5
from Falling SCL HD:DAT ! H
Data-In Setup Time to
Rising SCL tsu:paT 100 ns >
RoeTimeofSDAand 20 +0.1G 1000| ns 5, 7
pal Time of SDAand) -y, 20 + 0.1G 300 | ns 57
STOP Setup Time to
Rising SCL tsu:sTo 0.6 Hs >
Capacitive Load for
Each Bus Line Ce 400 PF
I/O Capacitance o 10 pF
Input Capacitance C 5 pF
Spike Pulse Width that
can be Suppressed by tsp 0 50 ns

Input Filter

NOTES:

1) All voltages are referenced to GND.

2) See Figure 2 for Typical Operating Curves.
3) Specified with Byt pin open; A, A1, A2 = 0V or Vpp; and §cL > 2Hz.
4) Specified with temperatarconversions stoppedadr pin open; SDA = ¥p; SCL = \pp; and A, Ay,

A, =0V or Vpp.

5) See Timing Diagram in Figure 3. All timing is referenced to 0.9 &d 0.1 X Wp.

6) After this period the firstlock pulse is generated.

7) For example, if @= 300pF, theng{min] = tgfmin] = 50ns.
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DS1631/DS1631A/DS1731

EEPROM AC ELECTRICAL CHARACTERISTICS
(Voo = 2.7V t0 5.5V; Ta = -55T to +125T.)

PARAMETER SYMBOL CONDITION MIN TYP | MAX | UNITS
EEPROM Write Cycle Time wh 4 10 ms
EEPROM Writes Newr -55°C to +55°C 50k Writes
EEPROM Data Retention edbr -55°C to +55°C 10 Years

Figure 2. TYPICAL OPERATING CURVES
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Figure 3. TIMING DIAGRAM

All timing is referenced to 0.9 xpb and 0.1 X Vp.
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DS1631/DS1631A/DS1731

Table 3. REGISTER SUMMARY

REGISTER NAME SIZE MEMORY REGISTER CONTENTS
(USER ACCESS) (BYTES) TYPE AND POWER-UP STATE
Temperature Measured temperature in two’s complement
(Read Only) 2 SRAM format.
Power-up state: -60°C (1100 0100 0000 0000)
T, Upper alarm trip point in two’s complement
(Read/Write) 2 EEPROM | format.
Factory state: 15°C (0000 1111 0000 0000)
T, Lower alarm trip point in two’s complement
(Read/Write) 2 EEPROM | format.

Factory state: 10°C (0000 1010 0000 0000)

Configuration and status information. Unsigned
data.

6 MSbs = SRAM

2 LSbs (POL and 1SHOT bits) = EEPROM
Power-up state: 100011XX (XX = user defined

Configuration
(Various bits are SRAM,

Read/Write and Read EEPROM
Only—See Table 5)

OPERATION—MEASURING TEMPERATURE

The DS1631, DS1631A, and DS1731 meagamperature using bandgaséd temperature sensors. A
delta-sigma analog-to-digital converf ADC) converts the measuredngerature to a 9410-, 11-, or 12-
bit (user-selectable) digital value that is calibratettnfor °F applications a lookup table or conversion
routine must be used. Throughout this data sheetethe“conversion” is usetb refer to the entire
temperature measurement and ADC sequence.

The DS1631 and DS1731 always power-up in a low-paaierstate, and the Start Convert T command
must be used to initiate convienss. The DS1631A begins conversi@gomatically at power-up in the
mode determined by the configuration register's 1SHOT bit.

The DS1631, DS1631A, and DS1731 can be programmeerform continuous consecutive conversions
(continuous-conversion mode) or to perform sirggaversions on command (one-shot mode). The
conversion mode is programmed through the 1SHOT Iiitdrconfiguration regist as explained in the
CONFIGURATION REGISTER section of this data sheet.dontinuous-conversion mode, the DS1631A
begins performing continuous conversions imratgly at power-up, and the DS1631 and DS1731 begin
continuous conversions after a $@onvert T command is issued.rfdl three devices, consecutive
conversions continue to be performed until a Stopv@rt T command is issued, at which time the device
goes into a low-power idle statgontinuous conversions can be rest@iat any time using the Start
Convert T command.

In one-shot mode the DS1631A performs a grgginversion at power-up, and the DS1631 and DS1731
perform a single temperature comsien when a Start Convert Trammand is issued. For all three

devices, when the conversion is complete the devimzsea low-power idle ate and remains in that

state until a single temperatuwenversion is again initiated by a Start Convert T command.

The resolution of the output digit®emperature data is user-cmpfrable to 9, 10, 11, or 12 bits,
corresponding to tempetae increments of 0%, 0.25C, 0.125C, and 0.062%C, respectively. The
default resolution at power-up is 12 bits, and it barchanged through the RO and R1 bits in the
configuration register. Note that the converdiare doubles for each additional bit of resolution.

After each conversion, the digi temperature is stored as a 16tbib’s complement number in the two-

byte temperature register as shown in Figure 4. Tgrelst (S) indicates if the temperature is positive or

negative: for positive numbers S = 0 and for negative numbers S = 1. The Read Temperature command
70f15



DS1631/DS1631A/DS1731

provides user access to the temperature register3Bhrough 0 of the temperature register are
hardwired to 0. When the devicecianfigured for 12-bit reolution, the 12 MBs (bits 15 through 4) of
the temperature register contéémperature data. For 11-bit redan, the 11 MSbs (bits 15 through 5)
of the temperature register comtalata, and bit 4 is 0. Likewise rfb0-bit resolution, the 10 MSbs (bits
15 through 6) contain data, and for 9-bit the 9 MSbs (bits 15 through 7) cdatajrand all unused LSbs
contain Os. Table 4 gives examples of 12-bit regmiwoutput data and tr@rresponding temperatures.

Figure 4. TEMPERATURE, T 4, AND T, REGISTER FORMAT

bit 15 bit 14 bit 13 bit 12 bit 11 bit 10 bit 9 bit 8
M S Byte S Z 2 2 2 2 2! 2°

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
LSByte 21 22 28 2% 0 0 0 0

Table 4. 12-BIT RESOLUTION TEMPERATURE/DATA RELATIONSHIP

TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(°C) (BINARY) (HEX)
+125 0111 1101 0000 0000 7D00h

+25.0625 0001 1001 0001 0000 1910h
+10.125 0000 1010 0010 000( 0A20h
+0.5 0000 0000 1000 0000 0080h
0 0000 0000 0000 0000 0000h
-0.5 1111 1111 1000 0000 FF80h
-10.125 1111 0101 1110 000( F5EOh
-25.0625 1110 0110 1111 000( E6FOh
-55 1100 1001 0000 0000 C900h

OPERATION—THERMOSTAT FUNCTION

The thermostat output §I7) is updated after every tempera&wonversion, based on a comparison
between the measured digital temperature and w$gred upper and lower éhmostat trip points. dur
remains at the updated value until the next conversiompletes. When the measured temperature meets
or exceeds the value stored in the upper trip-point regisi@r Tdut becomes active and remains active
until the measured temperature falls below theesatored in the lower trip-point register [ {see

Figure 5). This allows the user to program any amotihy/steresis into theutput response. The active
state of Bur is user-programmable through the polarity bit (POL) in the configuration register.

The user-defined values in thg @nd T, registers (see Figure 4) mustihdwo’s complement format
with the MSb (bit 15) containg the sign bit (S). ThegTand T. resolution is determined by the RO and
R1 bits in the configuration gester (see Table 6), so thg @&nd T_ resolution matches the output
temperature resolution. For example, fordiOresolution bits 5 through 0 of the, &nd T registers read
out as O (even if 1s are writtenttzese bits), and the converted t@mgiure is compared to the 10 MSbs
of Ty and .

The Ty and T, registers are stored in EEPROM,; therefdiney are NV and can be programmed prior to
device installation. Writing to and reading from theahd T registers is achieved using the Access TH
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DS1631/DS1631A/DS1731

and Access TL commands. Wheraking changes to the; Bnd T_ registers, conversions should first be
stopped using the Stop Convert T command if the déwicecontinuous conversion mode. Note that if
the thermostat function is not used, theahd T registers can be usedg@eneral-purpose NV memory.

Another thermostat feature is the temperature highlow flags (THF and TLF) in the configuration
register. These bits provide a record of veetthe temperature has been greater thaor Tess than T

at anytime since the device was powered up. These bits power up as 0s, and if the temperature ever
exceeds the Jregister value, the THF bit is set to 1, or if the temperature ever falls below viadu€,

the TLF bit is set to 1. Once THF and/or TLF has ksnit remains set until ewritten with a 0 by the
user or until thgpower is cycled.

DS1631A STAND-ALONE TH ERMOSTAT OPERATION

Since the DS1631A automatically begins taking temperature measurements at power-up, it can function
as a standalone thermostat (i.e., it can prothdemostatic operationithout microcontroller

communication). For standalone operation, the N\aid T, registers and the POL and 1SHOT bits in

the configuration register should peogrammed to the desired valye®r to installation. Since the

default conversion resolution at power-up is 12 bits (R1 = 1 and RO = 1 in thgucatibn register), the
conversion resolution is always 12 hiisring standalone thermostat operation.

Figure 5. THERMOSTAT OUTPUT OPERATION

POL =1 (Tout IS ACTIVE HIGH)

Tout
LOGIC 1 ou

A
v

LOGIC O

y 3

T, T, TEMP

CONFIGURATION REGISTER

The configuration register allows the useptogram various DS1631 options such as conversion
resolution, by polarity, and operating mode.diso provides informatioto the user about conversion
status, EEPROM activity, and thermostat activity. Towefiguration register iarranged as shown in
Figure 6 and detailed descriptionseafch bit are provided in Table 5. Thegjister can be read from and
written to using the Access Configmmand. When writing to the cagiiration register, conversions
should first be stopped using th@@Convert T command if the deeiis in contiuous conversion
mode. Note that the POL and 1SHOT bits are stor&EPROM so they can be programmed prior to
installation is desired. All other cagtiration register bits are SRARhd power up in the state shown in
Table 5.

Figure 6. CONFIGURATION REGISTER

MSb___ hit6 _ bit5 _ bit4 _ hit3 _ hit2  bitd LSb
DONE| THF | TLF | NVB| R1 RO | POL*l 1SHOTF
*NV (EEPROM)
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DS1631/DS1631A/DS1731

Table 5. CONFIGURATION RE GISTER BIT DESCRIPTIONS

BIT NAME
(USER ACCESS)

FUNCTIONAL DESCRIPTION

DONE—Temperature
Conversion Done
(Read Only)

Power-up state = 1.
DONE = 0. Temperature conversion is in progress.
DONE = 1. Temperature conversion is complete.

THF—Temperature High Flag
(Read/Write)

Power-up state = 0.

THF = 0. The measured tempena has not exceeded the value
stored in the i register since power-up.

THF = 1. At some point since power-up the measured temperatu
has been higher than the value stored in theeg@ister. THF remains
a 1 until it is overwritten with a By the user, the power is cycled, ¢
a Software POR comamd is issued.

TLF—Temperature Low Flag
(Read/Write)

Power-up state = 0.
TLF = 0. The measured temperature has not been lower than the
value stored in the Tregister since power-up.

TLF = 1. At some point since power-up the measured temperatu
has been lower than the value stored in theeg@ister. TLF remains
1 until it is overwritten with a 0 by the user, the power is cycled, ¢
Software POR command is issued.

D

re

DI a

NVB—NV Memory Busy
(Read Only)

Power-up state = 0.
NVB = 1. A write to EEPROMnNnemory is in progress.
NVB = 0. NV memory is not busy.

R1—Resolution Bit 1

Power-up state = 1.

(Read/Write) Sets conversion, I and T resolution (see Table 6).
RO—Resolution Bit 0 Power-up state = 1.

(Read/Write) Sets conversion, I and T resolution (see Table 6).
POL*—Tour Polarity Eoovl\je_r-;p _[s)taties ; (I:%f/te vsiluke]z writtenthis bit. Factory setting = 0.
(Read/Write) =~ out gn.

POL = 0. Tyt is active low.

1SHOT*—Conversion Mode
(Read/Write)

Power-up state = last value writtemthis bit. Factory setting = 0.
1SHOT = 1. One-Shot Mode. TheatConvert T command initiate|
a single temperature conversion and then the device goes into &
power standby state.

1SHOT = 0. Continuous Conveosi Mode. The Start Convert T

low-

command initiates continuous temperature conversions.

*Stored in EEPROM

Table 6. RESOLUTION CONFIGURATION

R1 RO RESOLUTION | CONVERSION TIME
(BIT) (MAX)
0 0 9 93.75ms
0 1 10 187.5ms
1 0 11 375ms
1 1 12 750ms
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DS1631/DS1631A/DS1731

2-WIRE SERIAL DATA BUS

The DS1631, DS1631A, and DS1731 communicate over a bidirectional 2-waledsea bus that
consists of a serial clock (SCL) signal andaalata (SDA) signalThe DS1631, DS1631A, and DS1731
interface to the bus through their SGlput pins and open-drain SDA 1/O pins.

The following terminology is used tescribe 2-wire communication:

Master Device: Microprocessor/microcontroller that contrdie slave devices on the bus. The master
device generates the SCL sigaatl START and STOP conditions.

Slave: All devices on the bus other than thaster. The DS1631, DS1631A, and DS1731 always
function as slaves.

Busldleor Not Busy: Both SDA and SCL remain high. SDA is held high by a pullup resistor when the
bus is idle, and SCL must either faeced high by the master (if tf8#CL output is push-pull) or pulled
high by a pullup resistor (if hSCL output is open-drain).

Transmitter: A device (master or slave)ahis sending data on the bus.
Receiver: A device (master or slave) thatreceiving data from the bus.

START Condition: Signal generated by the master to indidae beginning of data transfer on the
bus. The master generates a START condition byngu8iDA from high to low while SCL is high (see
Figure 8). A “repeated” START is sometimes used athd of a data transfer (instead of a STOP) to
indicate that the masterillperform another operation.

STOP Condition: Signal generated by the master to indi¢ateend of a dataansfer on the bus. The
master generates a STOP conditigrtransitioning SDA from low thigh while SCL is high (see Figure
8). After the STOP is issued, the master releases the bus to its idle state.

Acknowledge (ACK): When a device is acting as a receivamust generate an acknowledge (ACK) on
the SDA line after receiving every byte of dahe receiving device performs an ACK by pulling the
SDA line low for an entire SCL period (see Fig8jeDuring the ACK clock cycle, the transmitting
device must release SDA. A variation on the AC#hsl is the “not acknowledge” (NACK). When the
master device is acting as a recejivieuses a NACK instead of an ACKtaf the last data byte to indicate
that it is finished receiving data. The mastelicates a NACK by leaving the SDA line high during the
ACK clock cycle.

Slave Address. Every slave device on the bus has a uniqbé @edress that allows the master to access
that device. The 7-bit muaddress is 1 0 0 LA, Ao, where A, A;, and Ajare user-selectable through

the corresponding input pins. Thieee address pins allow up to eight DS1631s, DS1631As, or DS1731s
to be multidropped on the same bus.

Control Byte: The control byte is transmitted by the mastetd eonsists of the 7-bit slave address plus a
read/write (RW) bit (see Figure 7). If the reter is going to read dafiaom the slave device then\R/=

1, and if the master is going to veritlata to the slave device themR# 0.

Command Byte: The command byte can be any of the command protocols describedC@QNt¢AND
SET section of this data sheet.

Figure 7. CONTROL BYTE
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
1 0 0 1 A Ay Ao | RW
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DS1631/DS1631A/DS1731

Figure 8. START, ST OP, AND ACK SIGNALS

sDA \_ yan

SCL

START ACK (or NACK) STOP
Condition From Receiver Condition

GENERAL 2-WIRE INFORMATION
= All data is transmitted MSb first over the 2-wire bus.
= One bit of data is transmittexh the 2-wire bus each SCL period.

= A pullup resistor is required on the SDA line and, wttenbus is idle, both SDA and SCL must remain
in a logic-high state.

= All bus communication must be initiated wahSTART condition and terminated with a STOP
condition. During a START or STOP is the only ti®BA is allowed to change states while SCL is
high. At all other times, changes on the SDA line @aly occur when SCL is low: SDA must remain
stable when SCL is high.

= After every 8-bit (1-byte) tranef, the receiving device must arewvith an ACK (or NACK), which
takes one SCL period. Therefore, nine clogksrequired for every edbyte data transfer.

INITIATING 2-WIRE COMMUNICATION
To initiate 2-wire communication, the master gates a START followed by a control byte containing
the DS1631, DS1631A, or DS1731 slave address. TWelR/of the control bytenust be a 0 (“write”)

since the master next writes a commanebyhe DS1631/DS1631A/DS1731 responds with an ACK
after receiving the control byte. iBrmust be followed by a command byte from the master, which
indicates what type afperation is to be performed. TB&1631/DS1631A/DS1731 again respond with
an ACK after receivig the command byte.

If the command byte is a Start Convert T or Stop Cdanveommand (see Figure 9a), the transaction is
finished, and the master must issue a STORyttabihe end of the commuaition sequence. If the
command byte indicates a write or read operatiddit@nal actions must occas explained in the
following sections.

2-WIRE WRITES

The master can write data to the DS1631/DS1638A/31 by issuing an Access Config, Access TH, or
Access TL command following the controltby(see Figures 9b and 9d). Since thé/Rit in the control
byte was a 0 (“write”), the DS1631/DS1631A/DS1731 areaaly prepared to reeei data. Therefore,
after receiving an ACK in response to the comniaytd, the master deviaan immediately begin
transmitting data. When writing to the configuratiogiséer, the master must send one byte of data, and
when writing to the i or T, registers the master must send twaebydf data. After receiving each data
byte, the DS1631/DS1631A/DS1731 respond with an AQK,the transaction is finished with a STOP
from the master.
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2-WIRE READS

The master can read data from the DS1631/DS1833A731 by issuing andeess Config, Access TH,
Access TL, or Read Temperaturewcnand following the control bytgee Figures 9c and 9e). After
receiving an ACK in response tile command, the master must geteeearepeated START followed by
a control byte with the same siaaddress as the first control byte. However, this time thed®/must

be a 1, which tells the DS1631/DS1631A/DS1731 #éhaead” is being performed. After the
DS1631/DS1631A/DS1731 send an ACK in responseisactimtrol byte, it begins transmitting the
requested data on the next clock cycle. One byt will be transmitted when reading from the
configuration register after whidhe master must respond waiNACK followed by a STOP. For two-
byte reads (i.e., from the Temperaturg, dr T, register), the master musispond to the first data byte
with an ACK and to the second byte with a NACHdwed by a STOP. If only the most significant byte
of data is needed, the master can issue a NAG#Wwied by a STOP after reed) the first data byte.

COMMAND SET
The DS1631/DS1631A/DS1731 command set is detailed below:

Start Convert T [ 51h ]

Initiates temperature conversions. If the part isne-shot mode (1SHOT = 1), only one conversion is
performed. In continuous mode (1SHOT = 0), amnbius temperature conversions are performed until a
Stop Convert T command is issued.

Stop Convert T [ 22h ]
Stops temperature conversions wiiles device is in continuow®nversion mode (1SHOT = 0).

Read Temperature [ AAh |
Reads last converted temperature vilam the 2-byte temperature register.

Access TH [ Alh]
Reads or writes the 2-byte, Tegister.

Access TL [ A2h ]
Reads or writes the 2-byte Tegister.

Access Config [ ACh ]
Reads or writes the 1-byte configuration register.

Software POR [ 54h ]

Initiates a software power-on-re¢POR), which stops temperature corstens and resets all registers
and logic to their power-up statdhe software POR allows the user to simulate cycling the power
without actually poweng down the device.
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ST ioPT

a) Issue a "Start Convert T” or “Stop Convert T" Command

spa \s/ 1\ o o [1a)arfao)w A [cr)ce)cs)cafcsfca)cifco)a [P
\ v : T

START Control Byte ACK Command Byte ACK STOP
(THERM) (THERM)

b) Write to the Configuration Register

START Control Byte ACK Command Byte ACK Data Byte ACK STOP
(THERM) (THERM) (from Master) (THERM)

¢) Read From the Configuration Register

N L J J
f v 3 : £ v f Y £
START Control Byte ACK Command Byte ACK Repeat Control Byte ACK Data Byte NACK STOP
(THERM) (THERM) START (THERM) (from THERM) (Master)

d) Write tothe T , or T, Register

scL Uy yyy
spA \s/ 1\ 0 o /1 Ya2)atfaojw A [c7)cefcs)ca)ca)ca)ci)co) A [D7)D6)D5)D4)D3)D2) D1 D0)\ A /D7) D6)D5)D4) D3} D2)D1)DO) A P
T\ . T\ . T\ y )T\ v /T T

START Control Byte ACK Command Byte ACK MS Data Byte ACK LS Data Byte ACK STOP
(THERM) (THERM) (from Master) (THERM) (from Master) ~ (THERM)

e) Read From the Temperature, T , or T, Register

0 0/1Y{A2Jatfaof R\ A {D7)D6)D5)D4) D3} D2} D1}DO)A | -
. )T\ v T

START Control Byte ACK Command Byte ACK Repeat Control Byte ACK MS Data Byte ACK
(THERM) (THERM) START (THERM) (from THERM) (Master)

. [p7)D6)(D5 ) D4 D3) D2} D1fDOY N\ [P
v 't

T€.7SA 40 ‘VTE9TSA ‘TEITSA = WHIHL

ONINIL IDVH4HILNI HIM-Z “(® ‘p ‘0 ‘q ‘©) 6 ainbi-

LS Data Byte NACK STOP

(from THERM) (Master)

TELTSA/VTIEITSA/TEITSA



DS1631/DS1631A/DS1731

OPERATION EXAMPLE

In this example, the masteordfigures the DS1631/DS1631A/DS1731;48A3 = 000) for continuous
conversions and thermostatic function.

O

MASTER | THERMETER* DATA

MODE M ODE (MSb first) COMMENTS
TX RX START START condition from MASTER.
X RX 90h MASTER sends control byte with ®/= 0.
RX X ACK Acknowledge bit from THERMOMETER.
TX RX ACh MASTER sends Access Config command.
RX TX ACK Acknowledge bit from THERMOMETER.

MASTER writes a data byte the configuration register t
TX RX 02h put the THERMOMETER in@ntinuous conversion mode
and set the dur polarity to active high.

RX TX ACK Acknowledge bit from THERMOMETER.
X RX STOP STOP condition from MASTER.
TX RX START START condition from MASTER.
X RX 90h MASTER sends control byte with ®/'= 0.
RX X ACK Acknowledge bit from THERMOMETER.
TX RX Alh MASTER sends Access TH command.
RX TX ACK Acknowledge bit from THERMOMETER.
X RX 28h MASTER sends most significant data byte foe=T+40°C.
RX TX ACK Acknowledge bit from THERMOMETER.
TX RX 00h MASTER sends least significant data byte {p=F40°C.
RX TX ACK Acknowledge bit from THERMOMETER.
X RX STOP STOP condition from MASTER.
X RX START START condition from MASTER.
X RX 90h MASTER sends control byte with ®/= 0.
RX TX ACK Acknowledge bit from THERMOMETER.
TX RX A2h MASTER sends Access TL command.
RX TX ACK Acknowledge bit from THERMOMETER.
TX RX OAh MASTER sends most significant data byte fpeF10°C.
RX TX ACK Acknowledge bit from THERMOMETER.
TX RX 00h MASTER sends least significant data byte forF10°C.
RX TX ACK Acknowledge bit from THERMOMETER.
TX RX STOP STOP condition from MASTER.
X RX START START condition from MASTER.
X RX 90h MASTER sends control byte with ®/= 0.
RX TX ACK Acknowledge bit from THERMOMETER.
X RX 51h MASTER sends Start Convert T command.
RX TX ACK Acknowledge bit from THERMOMETER.
X RX STOP STOP condition from MASTER.

*THERMOMETER = DS1631, DS1631A, or DS1731
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