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Features

@ Single-bus interface requires only one port pin forcommunication

® Each chip has a unique 64-bit number

@® Multi-point distributed temperature measurement capability

without external components

@®Power can be supplied via the data line; supply voltage range is 2.5V to 55V
@® Measurement range is -55°C to 125°C (-67°F to 257°F)

@® Accuracy is +.4°C in the range of -10°C to 85°C

@® Temperature resolution is selectable from 9 to 12 bits

@® At 12-bit accuracy, temperature conversion speed is less than

750ms

® User-definable non-volatile temperature alarm settings

@® Alarm search command identifies flags devices exceeding the - = U
programmed temperature GND DQ VDD
@® Ultra-strong electrostatic protection capability: HBM 8000V MM 800V

® Available in surface-mount MSOP8 and SOP8 packages, and 3-pin TO-92. T0-92
Application
N.C. | s N.C. DQ 1 8 VDD
@ Temperature control ] O o
@ Industrial systems N.C.[: »INC NC. L2 7 NG
@® Consumer goods VDD | - s | N.C. N.C. 6 N.C.
@ Grain temperature monitoring pa [ 1 GND GND 4 5 NC.
@® Thermometers
@ Any heat-sensing
SOP8 MSOP8
Pin Description
Pin
Name Description
MOSP8 TO-92 SOP8
2,3,56,7 — 1,2,6,7,8 N.C. he control pin may not require connection
Power pin;in parasitic power supply mode,VDD pinThe foot
8 3 3 VDD
must be connected to the ground
Data input/output pins;when operating in parasitic power
1 2 4 DQ o . .
supply modeBelow,this pin supplies power to the chip
4 1 5 GND Grounding Pin
WWW.SZTDBDT.COM
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Description

The DS18B20 digital thermometer provides temperature measurement with 9 to 12-bit
resolution, and can lower and upper temperature alarms through programmable non-volatile
memory units. The DS18B20 uses a single-bus protocol to communicate with the host computer
, requiring only one line and one ground line. Its temperature measurement range is -55°C to
125°C. The test accuracy within the range of -10°C to 85°C can reach +0.4°C. In addition, it can
also operate in parasitic mode, powering the chip directly through the signal line, thus
eliminating need for an additional power supply. Each DS18B20 has a unique 64-bit serial
number, allowing multiple DS18B20 to be connected series on the same single bus for
networking. Only one processor is needed to control multiple DS18B20 distributed over a large
area . This networking method is particularly suitable application fields such as HVAC
environmental control, building, equipment, grain temperature measurement, industrial
temperature measurement, and process monitoring and control.

Figure 1 shows the block diagram of the DS18B20. The uses a 64-bit read-only memory to store
the unique serial number of the device. The internal registers of the chip contain two bytes of
temperature registers, which are to store the data output by the temperature sensor. In addition
, the chip also provides two bytes of temperature alarm threshold registers (TH and TL) and a
one-byte configuration register The configuration register allows the user to set the
temperature measurement resolution to 9, 10, 11, or 12 bits. TH, TL, and the register are all non-
volatile erasable registers (EEPROM), and the data stored in them will not disappear after

the device is powered off.

The DS18B20 uses a single-bus protocol and communicates through a single-wire port. When
all devices are connected to the bus through a tri-state port or an open-drain port, control line
needs to be connected to a weak pull-up resistor. In this bus system, the microprocessor
(master device) relies on the unique 64-bit serial number each device to identify the devices on
the bus and record the addresses of the devices on the bus.

Since each device has a unique serial number, the number of devices that can be to the bus is
actually unlimited. The single-bus protocol, including a detailed explanation of the instructions
and "timing", can be found in the single-bus system section.function of the DS18B20 is that it
can operate without an external power supply. When the bus is in a high-level state, DQ is
connected to the-up resistor to power the device through

the single bus. At the same time, the bus signal in a high-level state charges the internal
capacitor (Cpp). When the bus in a low-level state, the capacitor provides energy to the device,
and this method of providing energy is called "parasitic power". Of course, the DS18B20 can
also be powered by an external power supply through the VDD pin.

WWW.SZTDBDT.COM
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Figure 1. Structural flowchart of DS18B20
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Temperature Measurement Operation

The core function of the DS18B20 is its direct digital temperature sensor. The accuracy the
temperature sensor is user-programmable to 9, 10, 11, or 12 bits. The temperature resolutions
are 0.5°C 0.25°C, 0.125°C, and 0.0625°C, respectively. The default accuracy of the chip upon-up is
12 bits. After starting, the DS18B20 remains in a low-power standby state; when a temperature
measurement and AD conversion need to performed, the bus controller must issue the [44h]
command. After that, the generated temperature data is stored in the temperature register in the
form of two bytes, and DS18B20 continues to remain in the standby state. When the DS18B20 is
powered by an external power supply, the bus controller initiates a " sequence” (see the 1-Wire
System section) after the temperature conversion command; the DS18B20 returns O while the
temperature conversion is in progress and returnsl when the conversion is complete. If the
DS18B20 is powered by a parasitic power supply, there will be no return value unless the bus is
pulled high by strong pull-up when entering the temperature conversion. The bus requirements
for the parasitic power supply are explained in detail in the DS18B20 Power Supply section.

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO

L SB 23 22 21 2° 2™ 2-2 23 2
BIT15 BIT14 BIT1I3  BIT12 BIT11  BIT10 BIT9 BITS

MSB | sign sign sign sign sign 2° 2° 2!

Figure 2. Temperature Register Format

Table 1. Temperature/Data Relationship

temperature Digital output (binary) Digital output (hexadecimal)
+125 0000011111010000 07DOh
+85 0000010101010000 0550h
+25.0625 0000000110010001 0191h
+10.125 0000000010100010 00A2h
+0.5 0000000000001000 0008h
0 0000000000000000 0000h
-0.5 1111111111111000 FFF8h
-10.125 1111111101011110 FF5Eh
-25.0625 1111111001101111 FEG6Fh
-55 1111110010010000 FC90h

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

WWW.SZTDBDT.COM



S

Tudi Semiconductor

Alarm Operation

After completing a temperature conversion, the DS18B20 compares the temperature value with a
user-defined alarm threshold stored in the TH and TL registersas shown in Figure 3). The sign bit
(S) indicates whether the temperature value is positive or negative: S=0 for positive, S=1 for
negative. The TH TL registers are non-volatile (EEPROM),Therefore, the data remains intact even
after a power outage. The memory section explains how TH and TL are stored in the second and
third bytes of the register.

BIT7 BIT6 BITS BIT4 BIT 3 BIT2 BIT1 BITO

TH/TL| sign 2° 2° 2" 23 22 21 2°

Figure 3. TH and TL register formats

When TH and TL are 8-bit registers, only bits 4 to 11 of the temperature are used in the comparison with TH
and TL. If the measured temperature is higher than TH or lower than TL, the alarm condition is met, and an
alarm flag is set inside DS18B20. This flag is updated every time a temperature measurement is performed.
Therefore, if the alarm condition disappears, the flag will be cleared after the next temperature.

The bus controller detects all DS18B20 alarm flags on the bus by issuing an alarm search command [ECh]. Any
DS18B20 with set alarm flag will respond to this command, allowing the bus controller to precisely locate each
DS18B20 that meets the alarm condition. If the alarm condition is met, the TH or TL settings have been changed
, another temperature conversion will re-evaluate the alarm condition.

Power Supply of DS18B20

The DS8B20 can be powered by an external power supply through the VDD pin, or it can operate in parasitic
power mode. Parasitic power mode allows the DS1820 to operate in applications where external power is not
available. Parasitic power mode is very useful in long-distance testing or space-constrained applications. The
parasitic power control circuit shown in Figure 1. When the bus is high, this control circuit "steals" energy from
the bus. Part of the "stolen™ energy is stored in the power storage capacitor (CPP), and this energy is released to
power the device when the bus is low. When the DS18B20 is in parasitic power mode, theDD pin must be
grounded.

In parasitic power mode, the single bus and CPP can provide sufficient current to the DS18B20 to meet the
specified timing and voltage for most operations (see DC and AC characteristics sections). However, when the
DS18B20 is performing a temperature conversion or transferring data from the register to the EEPROM the
operating current can be as high as 1.5mA. This current may cause an unacceptable voltage drop across the
weak pull-up resistor connected to the single bus, which more current than the CPP can provide. To ensure the
DS18B20 has an adequate power supply, a strong pull-up must be provided to the single bus during conversion
or data copying to EEPROM operations. This is achieved by using a MOSFET to directly pull the bus up to the
power supply, as shown in Figure 4. After issuing temperature conversion command [44h] or the copy register
command [48h], the single bus must be switched to a strong pull-up within at most 10, and must remain in the
strong pull-up state during the temperature conversion timing (tconv) or data copying timing (twr=10ms). No
other actions are while the strong pull-up state is maintained.

WWW.SZTDBDT.COM
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' 18B20
_ci 1 k GND DQ VDD
Controller Connect other
—single bus
device
monobus

Figure 4. Power supply for the DS18B20 during temperature conversion for parasitic power supply

Another method of powering the DS18B20 is the traditional way of connecting an external
power supply to the VDD pin, as in Figure 5. The advantage of doing this is that a strong pull-up
is not required on the 1-Wire bus, and the bus does not need to be kept during temperature
conversions.
For temperatures above 100°C, the use of parasitic power is not recommended because the
DS18B20 exhibits a relatively large leakage at this temperature, which may prevent
communication. In such temperature conditions, it is strongly recommended to power the
DS18B20 through its VDD pin.
In cases the bus controller does not know whether the DS18B20 on the bus is using parasitic
power or an external power supply, the DS18B20 provides a to indicate the power supply being
used. The bus controller issues a Skip ROM command [CCh], followed by a Read Power
command [B4h]. After this command is issued the controller issues a read timing command.
Parasitic power will pull the bus low, while an external power supply will keep the bus high. If
the bus is pulled low, the controller will know that a strong pull-up must be provided to the 1-
Wire bus during temperature conversions.

18B20
_4 g GND DQ VDD
Controll kT
ontroller — l Connect other
)| )| —single bus
device

monobus

Figure 5. Powering the DS18B20 with an external power supply
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Storage:
64-bit Read-Only Memory

Each DS18B20 device has a unique 64-bit code stored in the ROM (see Figure 6). The first 8 bits
represent the single-line serial code (28h). The subsequent 48 bits constitute a unique serial
number, while the final 8 bits form the CRC code calculated from these 56 bits. A detailed
explanation of the CRC is provided in the CRC Generator section. The 64-bit ROM and its
operation control area enable the DS18B20 to function as a single-bus device and operate
according to the single-bus protocol described in the Single-Bus System section.

ROM 8 bit CRC 48 bit serial number | 8 bit family code(28h)

MSB LSB MSB LSB MSB LSB

Figure 6. 64-bit ROM code

Memorizer

The memory structure of the DS18B20 is shown in Figure 7. The memory consists of a temporary
SRAM and non-volatile electrically erasable EEPROM that stores the alarm thresholds TH and TL.
Note that when the alarm function is disabled, the TH and TL registers can be used as
generalpurpose registers. All memory instructions are detailed in the DS18B20 Functional
Instructions section.

Byte 0 and Byte 1 of the memory are the LSB and MS of the temperature register, respectively;
these two bytes of memory are read-only. The 2nd and 3rd bytes are TH and TL. The 4th byte the
configuration register data, which is detailed in the Configuration Register section. The 5th byte
is reserved by the device and is write-protected; the 6th and 7 bytes are available for user use.
The 8th byte of the memory is read-only and contains the CRC code for the above eight bytes;
the CRC execution method is in the CRC Generator section.

Data is written to bytes 2, 3, 4, 6, and 7 of the memory using the Write Register instruction [Eh];
data must be transmitted starting with the 2nd byte as the least significant byte. To fully verify
the data, the memory can be read after the data is written ( the Read Register instruction [BEh]).
When reading the register, data is shifted out of the single-wire bus starting with Byte 0 as the
least significant byte. The bus must issue the Copy Register instruction [48h] to transfer TH, TL,
and configuration data from the register to the EEPROM.Data in the EEPROM memory is after the
device is powered down; upon power-up, the data is loaded into the registers. Data can also be
loaded from the registers into the EEPROM using the Recall EE command. After issuing this
command, the bus controller issues a read timing; the DS18B20 returns 0 to indicate that the
recall is in progress, and returnsl to indicate that the operation is complete.

WWW.SZTDBDT.COM
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|
Register

Byte 0 Powe-on default
Byte 1 Temperature low 8 bits (0x50)
Byte 2 Register Power-on default EEPRON
By‘te 3 High temperature alarm/User data 1 < > High temperature alarm/User data 1
Byte 4 Low temperature alarm/User data 2 < > Low temperatue alam/Usedata 2
Byte 5 Configuationr egister <l > Configuration register
B yte 6 Retain (OxFF)

User data 3 User data 3
Byte 7 <l >

User data 4 < > User data 4
Byte 8

CRC

Figure 7. DS18B20 memory diagram

Configuration Register

The 4th byte of the memory is the configuration register, whose structure is shown in Figure 8.
Users can set the resolution of DS18B20 by setting the RO and R1 bits as shown in Table 2.
Power-on default settings: RO=1, R11 (12-bit resolution). Note: There is a direct relationship
between resolution and conversion time. Bit 7 and bits 0 to 4 of the configuration register are by
the device and are write-protected; when reading data, they all appear as logic 1.

BIT 7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO

CF 0 R1 RO 1 1 | 1 1

Figure 8. Configuration register

Table 2. Sensor Accuracy Configuration Table

R1 RO Resolution (BITS) Maximum Conversion Time

0 0 9 93.75ms (tconv/8)

0 1 10 187.5ms (tconv/4)

1 0 11 375ms (tconv/2)

1 1 12 750ms (tconv)
WWW.SZTDBDT.COM
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C R C generator

The CRC is stored in memory as part of the DS18B20 64-bit ROM. The CRC is calculated from the
first 56 bits of the ROM and is included in the important bytes of the ROM. The CRC is calculated
from the data stored in memory, so when data in memory changes, the CRC value also changes
accordingly. The CRC can perform data verification when the bus controller reads the DS18B20.
To verify whether the data been read correctly, the bus controller must calculate a CRC value
from the received data and compare it with the value stored in the DS18B20's 64- ROM (when
reading the ROM) or the 8-bit CRC value calculated internally by the DS18B20 (when reading the
register). If the calculated CRC value the read CRC value, the data is transmitted without error.
The comparison of the CRC value and whether The next operation is entirely determined by the
bus controller. When the CRC value stored in or calculated by the DS18B20 does not match the
calculated by the bus controller, there is no internal circuit in the DS18B20 that can stop the
command sequence from proceeding. The CRC calculation formula is as follows

CRC=Xs+ Xs+ Xa+ 1

The single-bus CRC can be generated by a polynomial generator consisting of a shift register and
XOR gates, as shown in Figure 9. This circuit a shift register and several XOR gates, and each bit
of the shift register is initialized to 0. Starting from the least significant bit in the ROM or the Oth
byte the register, one bit at a time is shifted into the register. After 56 bits of data from the ROM
have been transmitted or the most significant bit of the 7 byte of the register has been shifted in,
the CRC value is stored in the shift register. In the next step, the CRC value must be shifted in
cyclically. At this, if the calculated CRC is correct, the shift register will reset to 0.

’-l> MSB H> > n >@ > >@ s > > LsB CRC8

/\ £\ .
XOR input

Figure 9. CRC Generator

WWW.SZTDBDT.COM
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The 1-Wire system

The 1-Wire system uses a single 1-Wire controller to control one or more slave devices.
The DS18BO0 always acts as a slave. When only one slave is attached to the bus, the system
is called a "single-point" system; if multiple slaves are attached to the, the system is called
a "multi-point” system.

All data and command transmissions are sent over the 1-Wire bus starting from the least
significant bit. Thel-Wire system is discussed in three aspects: hardware structure,
execution sequence, and 1-Wire signals (signal types and timing).

Hardware Structure

The -Wire system has only one defined signal line, and every device on the bus must be
open-drain or tri-state output. Every device on the bus (master or slave must be open-
drain or tri-state output. This mechanism allows every device on the bus that is not
transmitting data to release the bus for other devices to use.

Thel-Wire port (DQ pin) of the DS18B20 is open-drain, and its internal equivalent circuit is
shown in Figure 10.

Thel-Wire bus requires an external pull-up resistor of about 1kQ; the idle state of the 1-
Wire bus is high. If a transmission needs to paused for some reason, the bus must remain
in the idle state if the transmission is to be resumed. During the recovery period, if the 1-
Wire bus is in the (high) state, the recovery time between bits can be infinitely long. If the
bus remains at a low level for more than 480us, all devices on the will be reset.

Controller 1k GX18B20

Receive ba Dc Receive

fansingle bus

Send 1uA 1000 I—— Send

Figure 10. Hardware Send/Receive Architecture Diagram

WWW.SZTDBDT.COM
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Execution Sequence

The execution sequence for accessing the DS18B20 via a single-wire bus is as follows:

Stepl: Initialization

Step 2: ROM operation command

Step 3: DS18B20 function command

Every DS18B20 operation must satisfy the steps. If a step is missing or the sequence is out of
order, the device will not return a value. The search ROM command and alarm search command
are exceptions. When these commands are executed, the master controller must return to Step 1.

Initialization

All execution operations via the single-wire bus start with an initialization sequence. initialization
sequence consists of a reset pulse issued by the bus controller and a subsequent presence pulse
issued by the slave. The presence pulse lets the bus controller know that the DS18BO0 is on the
bus and ready for operation; see the Bus Signals section for details.

ROM Commands

Once the bus controller detects a presence pulse, it a ROM command. If multiple DS18B20s are
connected to the bus, these commands will provide the devices with their unique 64-bit ROM
sequence codes allowing the bus controller to select the specific device to be operated. These
commands can also enable the bus controller to identify how many and what models of devices
are connected to the bus, similarly, they can identify which devices have met the alarm
conditions. There are 5 ROM commands, all 8 bits in length. The bus controller issues a ROM
command before a DS18B20 function command. The ROM command operation diagram is
shown in Figure 11.

SEARCH ROM [FOh]

When the system is powered on and initialized, the bus controller must identify all ROM
sequence codes on the bus to determine the and models of the slaves. The bus control the
device repeatedly searches for the ROM code using the Search ROM command to identify all
slave devices. If there is only one slave on bus, a simpler Read ROM command (see below) can
be used instead of the Search ROM command. After each Search ROM command, the bus
controller must return to Step 1 (Initialization).

READ ROM [33h]

This command can only be used when there is a single DS18B20 on the bus. This command
allows the controller to read the 64-bit serial code of the slave without using the Search ROM
command. If this command is used when there is more than one slave on the bus a data conflict
will occur when all slaves attempt to transmit signals simultaneously.

WWW.SZTDBDT.COM
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MATCH ROM [55h]

The MATCH ROM command is followed by a 64-bit serial number, allowing the bus controller to
locate a specific slave device on a multipoint bus. Only the DS18B20 that exactly matches the 64
-bit serial number can respond to subsequent memory operation commands; all slaves that do
not match the 64-bit ROM serial number will wait for a reset pulse.

SKIP ROM [Ch]

This command allows the bus controller to use function commands without providing the 64-bit
ROM code. For example, the bus controller can first issue a Skip ROM, and then issue a
temperature conversion command [44h] to complete the temperature conversion operation.
Note: When there is only one slave on the bus, the Skip ROM command always be followed by a
Read Register command [BEh]. When using this command in a single-point bus scenario, the
device does not need to send back the 64bit ROM code, thereby saving time. If there is more
than one slave on the bus and a Skip ROM command is issued, a data conflict will occur on the
bus because multiple will transmit data simultaneously.

ALARM SEARCH [ECh]

The operation flow of this command is the same as the ROM search command, and only slaves
meet the alarm conditions will respond to this command. This command allows the master
device to determine if any DS18B20 experienced an alarm state during the most recent
temperature conversion After each alarm search command cycle, the bus controller must return
to step 1. For the alarm operation flow, see the Alarm Signal Operation section.

DS8B20 Function Commands

After the bus controller uses ROM commands to identify the DS18B20 it wishes to communicate
with, the master can issue a DS1B20 function command. These commands allow the bus
controller to read and write the DS18B20 registers, initiate temperature conversions, and identify
the power mode. Thel8B20 function commands are detailed below, summarized in Table 4, and
illustrated with a flowchart in Figure 12.

CONVERT T [44h]

This command is used to initiate a temperature conversion. After the temperature conversion
command is executed, the resulting temperature conversion data is stored in the temperature
register as 2 bytes, and DS18B20 then remains in a low-power waiting state. If this command is
issued in parasitic power mode, a strong pull-up must be applied to thel-Wire bus within 10us
(maximum) during the temperature conversion (tCONV), see the DS18B20 Power Supply section.
If the DS8B20 is powered by an external power supply, the bus controller issues a read timing
sequence following this command; if the DS18B20 is in the middle a conversion, the bus returns
0, and if the temperature conversion is complete, it returns 1. In parasitic power mode, this
communication method is not used before the bus pulled high by a strong pull-up.

WWW.SZTDBDT.COM
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WRITE SCRATCHPAD [4EN]

This command writes data to the DS18B20 registers, starting at the register (the 2nd byte of the
registers), followed by the TL register (the 3rd byte of the registers), and finally the configuration
register (the 4th of the registers), with data transmitted starting from the least significant bit.
The writing of these three bytes must occur before the bus controller issues a reset command,
otherwise data conflict will.

READ SCRATCHPAD [BEh]

This command is a host register read command. The read will start from the least significant bit
of byte 0 and continue until 9th byte (byte 8, CRC) is read. If not all bytes need to be read, the
controller can issue a reset command at any time to abort the read.

COPY SCRATCHPAD [48h]

This command copies the contents of the TH, TL, and configuration registers, as well as user
bytes 3and 4 ( 2, 3, 4, 6, and 7), into the EEPROM. If parasitic power is used, the bus controller
must activate a strong pull- within 10us of issuing this command and maintain it for at least
10ms, as described in the DS18B20 Power Supply section.

RE E2 [B8h]

This command copies the TH, TL, and configuration data back from the EEPROM to the registers.
After issuing this command, the bus controller a read timing sequence, and the DS18B20 wiill
output a copy-back indicator: O indicates copying in progress, and 1 indicates copy-back
complete This operation is automatically performed when the DS18B20 is powered up, so that
valid data is immediately available in the registers upon power-up.

READ POWER SUPPLYB4h]

After issuing this command to the DS18B20, the bus controller issues a read timing sequence. If
in parasitic power mode, the DS1B20 will pull the bus low; if in external power mode, the
DS18B20 will pull the bus high. Detailed information on the usage of this command provided in
the DS18B20 Power Supply section.

WWW.SZTDBDT.COM
14 , 31



TSR

Tudi Semiconductor

s
Table 3. DS18B20 Function Instruction Table
order Description rotocol Gl Ee Ul LSS UL irrigate
P P 1-Wire bus becomes active. d
Temperature Conversion Command
The DS18B20 transmits the
Initial temperature conversion status to the host
Convert T . 44h (not applicable for registered 1
conversion :
devices).DS18B20 for power
generation).
Memory Command
The DS18B20 can send up to 9
Read Read the entire register, BEh data bytes to the host.The 5
Scratchpad| including the CRC byte. DS18B20 can send up to 9 data
bytes to the host.
Write the data to register
Write byti\,iztﬁ ’ai’cg’r:ngg i(JH’ T 4Eh The host sends 3, 4, or 5 data 3
Scratchpad panying bytes to the DS18B20.

components)Address
register and user byte).

Use TH, T, configuration
registers, and the
Copy necessary components.

Scratchpad|Copy household byte data

from the temporary

register toEEPROM

48h 1

Use TH, T, configuration
registers, and the
necessary components. Bsh The DS18B20 sends the status to
The byte data is read from the host.

the EEPROM.Use the

temporary storage unit.

RecallE2

Read Send the DS18B20 power
Power supply to the hostModel B4h
Supply Signal.

The DS18B20 sends the power
status to the host.

Note 1. For the DS18B20 in parasite power mode, a strong pull-up must be provided to the 1-Wire bus temperature
conversion and data copying to the EEPROM, and there must be no other activity on the bus during this period.
Note 2: The bus controller can abort data transmission any time by issuing a reset signal.

Note 3: The writing of the three bytes—Tw, T, and the configuration register—must occur before the reset signal is.

WWW.SZTDBDT.COM
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Host
Send reset signal

GX18820
Send presence signal

v

Host
Send ROM command

GX18820
Send 1 byte of family code

GX18820
Send 6-byte serial code

v

GX16820
Send 1 byte CRC

Host Send
ROM bit 1

0\{ >
’6.1

Host Send ROM bit 63

GX18820 sends 0 bit

618820 sends 0 bit

GX18B20 sends O bit inversion

GX18B20 sends 0 bit inversion

‘The host sends 0 bits

The host sends 0 bits

GX18B20 sends 1 bit

GX1BB20 sends 1 bit of inverse

The host sends 1 bit.

GX18B20 sends 63 bits

GX18B20 sends a 63-bit Inverse

The host sends 63 bits

Function command

Figure 11. ROM Instruction Flowchart
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ROM command Function command

i

Host
Send function command

yost Ensble g Mok
able strong pull i
Enable strong pull-up The host writes to Hest reads register up"" L Read to 0 (parasitic)
ragister 1 TH, TL CF, - ] ot S0ysas
! byte user bytas !
GX18B20
Gx‘aun— Write the contents of ool
Start converting Load the content of
temperature EE into register 1

!

Host
Disable strong pull-up

Vv vV ¥V Y,

v

Return to initialization,
waiting for the next communication.

Figure 12. DS18B20 Function Instruction Flowchart
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Single-bus signal

DS18B20 requires a strict single-bus protocol to ensure data integrity. The protocol defines
several types of-bus signals: reset pulse, presence pulse, write O, write 1, read 0, and read 1. All
these signals, except for the presence pulse are issued by the bus controller.

Reset sequence. Reset and presence pulses

All communication with the DS18B20 begins with an initialization sequence, shown in Figure 13.
A reset pulse followed by a presence pulse indicates that the DS18B20 is ready to send and
receive data.

During the initialization, the bus controller pulls the bus low and holds it for 480us to issue (TX) a
reset pulse signal, then releases the bus and enters the receive stateRX). When the bus is
released, a 1kQ pull-up resistor pulls the bus to a high level. When the DS18B20 detects a rising
on the 10 pin, it waits for 15-60us, and then issues a presence pulse consisting of a 60-240us low
-level.

. N o e e e . GX18B20
Single-bus initialization oy el

At least 480us > 4—  60~240us —P
power supply ——

-
The controller sends a reset pulse. ﬂ GX18B20 sends presence signal /
Earth

Legend e Controller pull down

Pull-up resistor

GX18B20 pull down

Figure 13 Sequence
Read-write sequence

The data reading and writing of DS18B20 is carried out through timing processing for
information exchange, with each timing transmitting 1 bit of data

Write timing

The DS18B20 has two write time slots: the write-1 time slot and the write-0 time slot. The bus
writes a logic 1 through the write-1 time slot, and a logic O through the write-0 time slot. The
write time slot must last at least 6us, including a recovery time of at least 1us between two write
cycles. The write time slot begins when the bus controller pulls the data line from a logic high
level down a low level (see Figure 14).To generate a write time slot, the bus controller must pull
the data line to a low level and then release it, and bus must be released within 15us. After the
bus is released, the pull-up resistor pulls the bus high. To generate a write-0 time slot, the
controller must pull the data line to a low level and keep it there for at least 60us.

After the bus controller initializes the write time slot, the DS1B20 samples the signal line within a
window of 15us to 60us. If the line is at a high level, it is a write-1,, if the line is at a low level, it is
a write-0.

WWW.SZTDBDT.COM
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|
Controller writes 01 The controller sends 01 Controller sends 1
€—  60~120us g 5US<t i p! Tus<t<15us
power supply ——f / /
Earth . H
15us | 15us | s
i DS18B20 sampling DS18B20 sampling
> 60us = 60us <
Controller reads 01 DS18B20 sends 0 DS18B20 sends 1
-1—5 ~ Sus<t
power sulpla— 15~60us —p./‘—p flus
Earth "
15us | 15us |
Controller sampling Controller sampling
> 60us o 60us o
Legend — Controller pull down —— Pull-up resistor =—— DS18B20 pull down
Figure 14. Reading/Writing Slot Timing Diagram
Read Timing

When the bus controller initiates a read timing, the DS18B20 is only used to transmit data to the.
Therefore, the bus controller must immediately start the read timing after issuing the read
register command [BEh] or the read power mode command [B4h], so that the DS8B20 can
provide the requested data. In addition, the bus controller initiates the read timing after issuing
the temperature conversion command [44h] or the recall EEPROM [B8h], for details see the
DS18B20 function command section.

All read timings must be at least 60us, including a recovery time at least 1us between two read
cycles. When the bus controller pulls the data line from a high level to a low level, the read
timing begins, the data line must be for at least 1us, and then the bus is released (see Figure 14).
After the bus controller issues the read timing, the DS18B20 1 or 0 by pulling the bus high or low
. When the transmission of 0 ends, the bus will be released and return to the high-level idle state
through pull-up resistor. The data output from the DS18B20 is valid within 15us after the falling
edge of the read timing appears. Therefore, the controller releases the bus within 15us after the
start of the read timing and then samples the bus state to read the state of the data line.Figure
15 that the sum of TINIT, TRC, and TSAMPLE must be less than 15us. Figure 16 indicates that the
system time can be maximized by the method: keeping the TINIT and TRC hold times as short as
possible, and placing the controller sampling time at the end of the 15us cycle

WWW.SZTDBDT.COM
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|
Controller read 1
Taking too much time in the early
stage will lead to sampling at the edge.
Controller .
power supply identified as | o
Earth
P Tint>1us i Tre>lus | ﬁ :
< : : :
i Controller sampling I :
<1
i t<15us >
Legend —— Controller pull down ——: Pull-up resistor —— DS18B20 pull down
Figure 15. Detailed timing sequence of the controller reading 1
Controller read 1 o
Compress the pre-period time to
The controller recognizes ensu_re a stable high level during
it as a high level reading.
power supply ‘E
Earth 5 ﬁ
<> - :
TNT ¢ TRC Controller sampling :
>1us >1us
: <
e t<15us >
Legend —— Controller pull down —— Pull-up resistor —— DS18B20 pull down
Figure 16. Recommended control read 1 timing sequence
WWW.SZTDBDT.COM
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Operation Example
Example 1

In this example, multiple DS18B20 powered by parasitic power are connected to the bus.
The bus controller initiates a temperature conversion for a specific DS18B20, then reads its
registers and recalculates the to verify the data.

MASTER MODE DATA (LSB FIRST) COMMENTS
Tx Reset The controller sends a reset pulse.
Rx Presence 18B20 returns a pulse presence
Tx 55h The main controller issues the matching ROM instruction.
Tx 64-bit ROM code The main controller sends the GX18B20 address.
Tx 44h The main controller issues a temperature conversion

instruction.

[ e ket Bl b The DQ signal maintains a strong pull-up level during the

Tx conversion process, completing the temperature conversion.
strong pullup
Tx Reset reset pulse
Rx Presence 18B20 returns a pulse presence
Tx 55h The main controller issues the matching ROM instruction.
Tx 64-bit ROM code The main controller sends the ~ 18B20 address.
Tx BEh Main Control Read Register Instruction
Read the entire register along with CRC: the controller
recalculates the eight numbers read from the register.
Rx 6 clata gt According to ByteDance's CRC algorithm, compare the

calculated CRC value with the read CRC value; if they differ...
If the values match, the controller proceeds downward; if
they don't match, repeat the operation

Example 2

In this example, there is only one parasitic-powered DS18B20 on the bus. The controller writes T,
T,, the configuration register, then reads the register and calculates the CRC to verify the data. The
main controller copies the data from the register to the EEPROM.

MASTER MODE DATA (LSB FIRST) COMMENTS
Tx Reset reset pulse
Rx Presence returns a pulse presence
Tx CCh Skip the ROM instruction
Tx 4Eh Write register instruction
¢ 3 data bytes Write three data values to TH, TL, and the configuration
register.
Tx Reset reset pulse
Rx Presence returns a pulse presence
Tx CCh Skip the ROM instruction
Tx BEh Read register instruction.
WWW.SZTDBDT.COM
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The main controller reads all registers, including the CRC
register; the controller then recalculates the value from the
registers.
Rx 9 data bytes Read the 8-byte CRC from memory and compare the
calculated CRC with the read CRC.
Compare; if identical, proceed downward; if different, repeat
the read operation.
Tx Reset reset impulse
Rx Presence GX18B20 returns a pulse presence
Tx CCh Skip the ROM instruction.
Tx 48h Copy Register Instruction
DQ line held high by When performing the copy operation, the controller applies a
Tx strong pull-up signal to DQ and maintains it for at least 10
strong pullup ms.
Extreme Usage Conditions
Voltage range of each pin relative to ground. -0.5V to +6.0V

operating temperature range

-55°C to +125°C

Storage Range

-55°C to +125°C

Welding Temperature Range

Refer to Rule J-STD-020A

The above outlines the environmental conditions required for the device to operate normally; prolonged

operation under extreme conditions may affect its reliability.

WWW.SZTDBDT.COM
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Direct-current characteristic
(-55°C to +125°C; Voo = 2.5V to 5.5V)

parameter symbol, condition |least value representati crest value | unit | fixon
ve value
. Local Power
service voltage V., +2.5 +5.5 \Y 1
Supply
poF\;\?e:?ZIL:I;pIy +25 +55
Y |, v |
Local Power 425 v,
Supply
-10 —+85 +0.4
temperature ¢ 3
error -35 ~+125 +1.2
Input logic low Vi 03 408 Vv 145
level
Local Power 429 55and Vv, +
Input logic high v Supply ' 0.3The lower | 16
level ) Parasitic oy one among
power supply ' them
Circuit Current I V,=0.4V 4.0 mA 1
Standby current l,.. 750 1000 nA 78
working current I, V. =5V 1 15 mA 9
input currenton l. 5 MA 10
excursion +0.2 11

Note:

1)All voltages are referenced to ground potential.

2) The pull-up voltage is obtained as follows: assuming the pull-up device is ideal, the pull-up high ceiling should be to VPU. To
meet the VIH specification of the DS18B20, the actual transistor pull-up supply must include the voltage drop limit; therefore Veu
_ACT = VPU_IDEAL VTRANSISTOR.

3) Typical curves are shown in Figure 17.

4) The logic 0 level is obtained at sink current of 4mA.

5) In the low voltage state of parasitic power mode, to ensure the presence of a pulse, Vimaxmay need to be reduced 0.5V.

6) The logic 1 voltage is obtained at a source current of 1ImA.

7) The standby current is defined at 7°C; the typical standby current value at 125°C is 3uA.

8) To reduce loos, the range of DQ is as follows: < DQ< GND 0.3VorVoo— 0.3V<s DQ< Voo

9) Dynamic current involves temperature conversion and writing to EEPROM memory.

10) The DQ data line is high ("high-impedance" state).

11) Data drift is obtained by testing for 100 hours at 125°C with a supply voltage Voo = 5.5V.

WWW.SZTDBDT.COM
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nonvolatile memory(-55°C to +125°C; V°°= 2.5V to 5.5V)

- least |representat| crest .
parameter symbol condition . unit
value | ive value value
NV Write Cycle Time tur 8 12 ms
EEPROM Writes Neewr -55 to+55 1000 writes
EEPROM Data Retention Teeor -55 to +55 10 years
(-55°C to +125°C; V oo = 2.5V to 5.5V)
.. least [representa| crest . .
parameter symbol condition _p unit fix on
value | tive value | value
9-bit resolution 93.75
10-bit 1875
Temperature Conversion resolution
Tim teonv 11-bit ms 1
ime ) 375
resolution
12-bit 750
resolution
Start Convert
Time to Strong Pullu
g b teron TCommand 10 MS
On
Issued
Time Slot toor 60 120 Ms 1
Recovery Time taec 1 Ms 1
Write O Low Time Ttiowo 60 120 Ms 1
Write 1 Low Time Tiows 1 15 Ms 1
Read Data Valid trov 15 VS 1
Reset Time High Trsrn 480 VIS 1
Reset Time Low trsm 1 ms 1
Presence-Detect High eomion 15 60 Ms 1
Presence-Detect Low Teoow 60 240 MS 1
Capacitance Civour 25 pF
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Note:

1) The typical characteristic curve is shown in Figure 17.

Factory accuracy

maximum error

normal error

Figure 17. Typical characteristic curve

WWW.SZTDBDT.COM

25 31




ARUNA=

Tudi Semiconductor

2)For information regarding the time sequence, refer to Figure 18.

Write 0 to smgle bus Next cycle
power supply —P treC "‘— tsLor
Earth i
— tLowo —h
Write 1 to single bus Next cycle
power supply —." trec '4— tsLor
Single-bus red Next cycle
power supply —P trec 4— tsLor

Single-bus reset

— trsTL —>- trsTH —p

power supply \ i
Earth /—\ //
i troHIGH teoLow

-——> - >

ESignaI detecte

Legend — Controller pull down —— Pull-up resistor —— DS18B20 pull down

Figure 18: Time Sequence
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E1
E

I
I
]
]
]
H
' Dimensions Dimensions
H In Millimeters In Inches
' Symbol
H H' kj kj Min Max Min Max
]
— e A 0.800 1.200 0.031 0.047
C Al 0.000 0.200 0.000 0.008
A2 0.760 0.970 0.030 0.038
i —
b 0.30 TYP 0.012 TYP
C 0.15 TYP 0.006 TYP
D 2.900 3.100 0.114 0.122
0
A2 e 0.65 TYP 0.026 TYP
A
E 2.900 3.100 0.114 0.122
-— E1 4.700 5.100 0.185 0.201
<
S — e — *
L [T T J [} L 0.410 0.650 0.016 0.026
\ 0 02 6° 0° 6°
D
WWW.SZTDBDT.COM
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E—
Package TO92
D
| B—HE:L_ %j—ﬂ]
\
p=
v O
Y& L s
(I
3-b
IR I
el
el
2-03, £

(l/
|
|
|
|———————— T —]

Mechanical Dim./mm

Symbol
Min. Typ. Max.
A 4.5 4.6 4.7
b 0.38 0.45 0.56
b1 0.45
C 0.36 0.38 0.51
D 45 4.6 4.7
E 3.45 3.6 3.75
E1 1.2 1.3 1.4
e 1.27
el 2.54
L 13.5 14.5 15.3
L1 1.96
o1 2°
02 2°
03 5°

WWW.SZTDBDT.COM
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1
]
i
)
|
! Dimensions Dimensions
~ A ___ | IS AP In Millimeters In Inches
w | w i' Symbol
{9— ! Min Max Min Max
)
}
, — : A 1.350 1.750 0.053 | 0.069
]
)
) H H H:l H:l A1 0.100 0.250 0.004 0.010
e
‘ A2 1.350 1.550 0.053 0.061
c B 0.330 0.510 0.013 0.020
_v
_r C 0.190 0.250 0.007 0.010
_ -
D 4780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
) E1 5.800 6.300 0.228 0.248
. e 1.270TYP 0.050TYP
e B
; ‘ L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
B—> lt— z
= ——— == --—*—
ry 7
< <
Lo\ |
WWW.SZTDBDT.COM
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Order Number Package Package Quantit; Marking Temperature
9 9 y On The park P
DS18B20-TUDI TO92 Bag,2000 TD18B20
DS18B20U-TUDI MSOP8 Tape,Reel, 2500 TD18B20 -55°C to 125°C
DS18B20Z-TUDI SOP8 Tape,Reel, 2500 TD18B20
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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