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Digital temperature sensor with watchdog function 

PRODUCTS FEATURES

• Power supply current of 0.1µA in off mode for energy savings

• Can be used as a stand-alone thermostat during power-up

• ESD protection exceeding JESD22-A114 4500 V HBM and JESD22-C101

1000 V CDM

• Complete latch-up tests in excess of 100 mA according to JEDEC standard

JESD78

• Small 8-pin package type: SOP8, MSOP8/TSSOP8
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symbol parameter state MIN MAX unit

VCC Supply voltage -0.3 +6.0 V

VI Input voltage At the input port -0.3 +6.0 V

II Input Current At the input port -5.0 +5.0 mA

IO(sink)
Output leakage 

current
OSport - 10.0 mA

VO OutputVoltage OSport -0.3 +6.0 V

Tstg
Storage 

temperature
-65 +150 °C

Tj
Junction 

temperature
- 150 °C

According to the absolute maximum rating system (IEC 60134)

Reference operating characteristics

symbol parameter MIN Type MAX unit

VCC Supply voltage 2.8 - 5.5 V

Tamb Room temperature -55 - +125 °C

1.Electrical characteristics
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symbol parameter state min Type max unit

Tacc
Temperature

accuracy

Tamb = -25 °C to +100 °C -1 - +1 °C

Tamb = -55 °C to +125 °C -2 - +2 °C

Tres
Temperature 

resolution
11-bit Digital data - 0.125 - °C

tconv(T)
Temperature change 

time
Normal mode - 10 - ms

Tconv Conversion cycle Normal model - 100 - ms

IDD(AV)
average supply

current

Normal model: I2C Bus is 

not active
- 80 200 µA

Normal model: I2C Bus 
activation; - - 300 µA

fSCL = 400 kHz

Sleep mode - 0.2 1.0 µA

VIH Input high level
Number Pin (SCL, SDA, 

A2 to A0)
0.7 x VCC - VCC + 0.3 V

VIL Input low level Number Pin -0.3 - 0.3 + VCC V

VI(hys)
Input hysteresis 

voltage

SCL withSDA Pin - 300 - mV

A2, A1, A0 Pin - 150 - mV

IIH
High voltage input 

current
Digital pin VI = VCC -1.0 - +1.0 µA

IIL
Low voltage input 

current
Digital pin VI = 0 V -1.0 - +1.0 µA

VOL Low output voltage

SDA with OS leadfoot；
IOL = 3 mA

- - 0.4 V

IOL = 4 mA - - 0.8 V

ILO
Output leakage 

current

SDA withOS pins; VOH =

VCC
- - 10 µA

Nfault Number of failures
Editable Process; failure 

number conversion
1 - 6

Tth(ots)

Over-temperature 

shutdown threshold 

temperature

Defaults - 80 - °C

Thys Hysteresis point Defaults - 75 - °C

Ci Input capacitance Number Pin - 20 - pF

VCC = 2.8 V to 5.5 V; Tamb = -55 ° C to +125 ° C;
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2. Structure Diagram
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Pin name Pin Describe

SDA 1 numberI/O,I2C Bus bidirectional dataString; Open leakage loss .

SCL 2 Digital input,I2C Bus clock input.

OS 3 Over temperature protection/Interrupt losing ; Open drain.

GND 4 Ground, connected to system ground

A2 5 Number lose In, the user configures Set address Bit2.

A1 6 Number lose In, the user configures Set address Bit1.

A0 7 Number lose In, the user configures Set address Bit0.

VCC 8 Power supply port
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3. Work description

The SST-DM20 uses an on-chip bandgap temperature sensor to measure the

device temperature with a resolution of 0.125°C and stores the 11-bit binary number

generated by the 11-bit A-D conversion into the device temperature register. This

temperature register can be read at any time by the controller on the I2C bus. Reading

the temperature data does not affect the temperature conversion being performed

during the read operation.

The device can be set to operate in either normal or sleep mode. In normal

operation mode, the temperature performs a conversion every 100ms and updates the

temperature register at the end of each conversion. In a conversion period of

approximately 100ms (Tconv), the device only needs to operate for 10ms to complete

the temperature-to-data conversion, called "temperature conversion time" (tconv(T)),

and the device is in idle mode for the rest of the time. This feature significantly reduces

the power consumption of the device. In sleep mode, the device is idle, data

conversion is disabled, and the temperature registers hold the latest results; however,

the device I2C bus interface is still active and can perform register write/read

operations./read operations. The operation mode of the device can be controlled by

programming the B0 bit of the configuration register. When the device is powered up or

resumed from sleep mode, temperature conversion is initiated.

In addition, at the end of each transition in normal mode, the temperature data in

the temperature register is automatically compared to the data in the over-temperature

shutdown register Tos (or Tth(ots)) and the data stored in the hysteresis register Thyst

(Thyst) to determine the device's output status accordingly. The Tos and Thyst

registers of the device are read/write capable and both operate with 9-bit binary digital

data. To match this 9-bit operation, the temperature register uses only the 9 MSB bits

of its 11-bit data for comparison. The comparison mode of operation for the OS port's

input response is determined by bit B1 of the configuration register, while the user-

defined fault queue is determined by configuration bits B3 and B4.

In comparator mode, the OS port's input behavior is similar to that of a thermostat.

It activates when the temperature exceeds Tth(ots) and resets when the temperature

drops below Thyst. Reading registers or putting the chip in sleep mode does not

change the chip's output state. In this mode, the OS input can be used to control the

cooling fan or thermal switch.

In interrupt mode, the OS port's output behavior is used for thermal interrupts.

When the device is powered on, it is first activated only when the temperature exceeds

Tth(ots); it then remains in that state indefinitely until it is reset by reading any register.

Once the OS loses by crossing Tth(ots) and then resetting, it will only activate again

when the temperature drops below Thyst; it will then remain active indefinitely until

reset by reading any register.
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Work description continue 

OS interrupt operations will continue in the following order: Tth(ots) trip, Reset,

Thyst trip, Reset, Tth(ots) trip, Reset, Thyst trip, Reset, etc. Putting the device into

sleep mode by setting bit 0 of the configuration register also resets the operating OS to

lose .In both cases, i.e., comparator mode and interrupt mode, the OS input is

activated only when multiple consecutive faults defined by the fault queue are met. The

fault queue is programmable and stored in two bits B3 and B4 of the configuration

register. In addition, the active status of the OS input can be selected as high or low by

setting the configuration register bit B2 accordingly.

When the chip is powered up, the device enters normal mode with Tth(ots) at

80°C, Thyst at 75°C, OS active status low, and fault queue equal to 1. The first

transition is completed within approximately 100ms after power-up, and the

temperature reading data is not available until this transition is completed.

The response of the OS port to temperature is shown below

Tth(ots)

Thyst

os reset

os activation

os reset

os activation

OS port output in comparison mode

OS port output in interrupt mode
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I2C bus interface

The SST-DM20 can be connected to a compatible 2-wire serial interface I2C bus to

communicate as a slave device under the control of the controller or master device

using two device terminals, SCL and SDA. A signal to write data from the terminal

SDA/SDA to the controller must be provided through the terminal. Note that if the pull-

up resistors on the I2C bus are not installed as required for the I2C bus, an external

pull-up resistor of approximately 10K is required for each of these two ports.

Bus Error Timeout

If the SDA remains low for longer than tto (75ms/13.3Hz minimum; guaranteed at

50ms/20Hz minimum), the SST-DM20 will reset to the idle state (SDA release) and

wait for a new start condition. This ensures that the SST-DM20 will not hang up the

bus in case of a transmission conflict.

Slave Addresses

The SST-DM20 slave address on the I2C bus is determined by the logic of pins A2, A1

and A0. Each of these pins is typically connected to GND (logic 0), or VCC (logic 1).

These pins represent the 3 LSB bits of the 7-bit address of the device. The other 4

MSB bits of the address data are forced to be preset to "1001" by the SST-DM20's

internal leads. Table 4 shows the full address of the device and indicates that up to 8

devices can be connected to the same bus without address conflict. Because the input

pins SCL, SDA and A2 to A0 have no internal bias, they should not be left floating in

any application.

Address List

1 = Vcc; 0 = GND.

MSB LSB

1 0 0 1 A2 A1 A0

The SST-DM20 contains four data registers next to the pointer register, as shown in

Table below. Also there shows the pointer values, read/write capability and default

contents when the registers are powered on.
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Register 

name

Pointer 

value

read/Write Power-on 

default

describe

Conf 01h read/Write 00h

Configuration register: contains8Bit 

dataCharacterSection; used to set the 

working conditions of the chip; the 

default value is0.

Temp 00h Read only n/a

Temperature register: contains2indivual

8Bitnumberaccording toBytes; used to 

store measurements Temperature data.

Tos 03h read/Write 5000h

Over-temperature shutdown 

register: included2indivual8Bit data 

byte, storage Tth(ots)Value; default 

value=80℃.

Thyst 02h read/Write 4B00h

Hysteresis register: contains2indivual8

BitnumberData bytes; used to storeThyst 

Value; default value=75°C
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Pointer value

The pointer register contains 1 8-bit data, where 2 LSB bits represent the pointer

values of the other 4 registers and the other 6 MSB bits are equal to 0, as shown in

Tables below . The user does not have access to the pointer registers, but it selects

the data registers for write/read operations by including the pointer data byte in the

bus command.

Pointer register

BIT 7 6 5 4 3 2 [1:0]

0 0 0 0 0 0 Pointer value

BIT 1 BIT 0 Register 

0 0 Temperature register (Temp)

0 1 Configuration register (Conf)

1 0 Hysteresis register (Thyst)

1 1 Over temperature shutdown register (Tos)

Pointer value

The pointer byte read from the SST-DM20 may or may not be included in the

statement because the pointer value is latched into the pointer register when the bus

command (including the pointer byte) is executed. The pointer byte does not have to

be included when reading the register where the pointer was last preset again. To read

a different register than the previous one, the pointer byte must be included. However,

when writing to the SST-DM20, the pointer byte must always be included in the

statement. At power-up, the pointer value equals 00 and the temperature register is

selected; the user can then read the temperature data without specifying a pointer

byte.
Configuration Register

The Configuration Register (Conf) is a write/read register containing 1 byte of 8-bit

non-complementary data that is used to configure the chip for different operating

conditions. Are used to configure the chip for different operating conditions. Table

below shows the bit assignment of this register.
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Bit symbol Authority value describe

B[7:5] reserved read/Write 000*
Reserved for use by the manufacturer; should 

be kept at zero during normal operation

B[4:3] OS_F_QUE[1:0] read/Write OS Fault queue programming

00* Queue value= 1

01 Queue value= 2

10 Queue value= 4

11 Queue value= 6

B2 OS_POL read/Write OS Polarity selection

0* OS Activate to lose low level

1 OS Activate input high level

B1 OS_COMP_INT read/Write OS workdoMode selectionselect

0* OS CompareMoremoldMode

1 OS Interrupt mode

B0 SHUTDOWN read/Write Chip operating mode selection

0* Normal

1 Sleep

Temp register

MSByte LSByte

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 X X X X X

When reading the temperature register, all 16 bits of the 2 data bytes (MSByte and

LSByte) are provided to the bus and must all be captured by the controller to complete

the bus operation. However, only the 11 highest valid bits should be used, the 5 lowest

valid bits of LSByte are zero and should be ignored. One way to calculate the

temperature value from the 11-bit temperature data is to

If the temperature data MSByte bit D10 = 0, then the temperature is positive and

the temperature value is (°C) = + (temperature data) × 0.125 °C.

If the temperature data MSByte bit D10=1, then the temperature is negative and

Temperature value (°C) = (two temperature data's complement) × 0.125°C. Table

below shows examples of temperature data and temperature values.
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11bit Binary number Hexadecimal number Decimal Temperature value

011 1111 1000 3F8 1 016 +127.000°C

011 1111 0111 3F7 1 015 +126.875°C

011 1111 0001 3F1 1 009 +126.125 °C

011 1110 1000 3E8 1 000 +125.000°C

000 1100 1000 0C8 200 +25.000 °C

000 0000 0001 001 1 0.125°C

000 0000 0000 000 0 0.000°C

111 1111 1111 7FF -1 -0.125 °C

111 0011 1000 738 -200 -25.000°C

110 0100 1001 649 -439 -54.875°C

110 0100 1000 648 -440 -55.000°C

For applications replacing the 9-bit temperature data of the industry standard

XX75, only the 9 MSB bits of the two bytes are used and the 7 LSBs of the lower bits

are ignored.The SST-DM20 defines the 9-bit temperature data with a resolution of

0.5°C in exactly the same way as the standard XX75 and similar to the Tos and Thyst

registers

The temperature MSB can also be read using the single-byte read command, then

the temperature resolution will be changed to 1.00°C.

These two registers are write/read registers, also known as setpoint registers.

They are used to store user-defined temperature limit values, called the over-

temperature shutdown threshold (Tth(ots)) and the hysteresis temperature (Thyst), for

device watchdog operation. At the end of each transition, the temperature data is

compared to the data stored in these two registers to set the state of the OS side input

;see Section 3 (work description).

Each setpoint register contains two 8-bit data, consisting of one MSByte and one

LSByte, the same as the temperature register. However, only 9 bits of the two bytes

are used to store the setpoint data in binary format with a resolution of 0.5°C. Tables

below show the bit arrangement of the Tos data and Thyst data in the data byte.

Note that because only 9 bits of data are used in the setpoint register, the device

uses only the 9 MSB of the temperature data for data comparison.
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Over-temperature shutdown threshold register:

MSByte LSByte

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

D8 D7 D6 D5 D4 D3 D2 D1 D0 X X X X X X X

Hysteresis register:

MSByte LSByte

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

D8 D7 D6 D5 D4 D3 D2 D1 D0 X X X X X X X

When reading the Set Value Register, all 16 bits are provided to the bus and must
be collected by the controller to complete the bus operation. However, only the 9
highest valid bits should be used, and the 7 lower bits of the LSByte are equal to zero
and should be ignored.

Tos and Thyst setting data and values:

Binary number Hexadecimal number Decimal Temperature value

011111010 0FA 250 +125°C

000110010 32 50 +25℃

000000001 001 1 +0.5℃

000000000 000 0 0℃

111111111 1FF -1 -0.5℃

111001110 1CE -50 -25.0℃

110010010 192 -110 -55.0℃



Tel: 8-812-309-58-32

www.eplast1.ru

Add: 198099, Saint-Petersburg, 

Kalinina street 2, b.4,lit.А.

www.eplast1.ru

Digital temperature sensor with watchdog function 

14

The OS terminal is an open drain dropout whose state indicates the result of the

device watchdog operation described in Section 3. In order to observe this dropout

state, an external pull-up resistor is required. The resistor should be as large as

possible, up to 200 k, to minimize temperature reading errors caused by internal

heating from high OS trapped currents.

By programming bit B2 (OS_POL) of register Conf, you can select the OS input

state to be high or

Low: Set bit OS_POL to logic 1 to select OS active transmit High, and set bit B2

to logic 0 to set OS active transmit Low. When power is applied, bit OS_POL equals

logic 0 and OS activation input is low.

Comparison and Interrupt Modes.

As described in Section 3, the OS input response is a comparison of the

temperature register data with the data in the Tos and Thyst registers The result

depends on the selected OS mode: OS Compare or Interrupt mode. OS mode is

selected by configuring bit B1 (OS_COMP_INT) of the Conf register: set bit

OS_COMP_INT to logic 1 to select OS interrupt mode and to logic 0 to select OS

compare mode. When powered on, bit OS_COMP_INT defaults to logic 0 and the OS

comparator is selected.

The main difference between these two modes is that in compare mode, the OS

activates when the temperature exceeds Tth(ots) and resets when the temperature

drops below Thyst, and reading registers or putting the chip into sleep mode does not

change the state of OS input; in interrupt mode, once activated by exceeding Tth(ots)

or falling below Thyst, OS input remains active indefinitely until registers are read, and

then OS input is reset.

The temperature thresholds Tth(ots) and Thyst must meet Tth(ots) > Thyst.

otherwise the OS output state will be undefined.

Fault Queue

The fault queue is defined as the number of faults that must occur consecutively

to activate OS transmission. To avoid false turn-on due to noise. Because faults are

determined at the end of a data transition, the fault queue is also defined as the

number of consecutive transitions that return a temperature trip. The fault queue can

be selected by programming two bits B4 and B3 (OS_F_QUE[1:0]) in register Conf

value. Note that the programmed data and the fault queue values are not the

same. Table below shows the one-to-one relationship between them. At power-up, the

fault queue data = 0 and the fault queue value = 1.
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ThereforeBarrier queuenumberaccording to ThereforeBarrier 

queuenumbervalue

OS_F_QUE[1] OS_F_QUE[0] tenBase
0 0 1

0 1 2

1 0 4

1 1 6

Sleep mode
The operating mode is selected by programming bit B0 (sleep) of register Conf.

Setting B0 to a logic 1 will put the device into sleep mode. Resetting the B0 bit to logic
0 will return it to normal mode.

In sleep mode, approximately 0.1µA of current is consumed; temperature

conversion is stopped, but the I2C bus interface remains active and register write/read
operations can be performed. After entering sleep mode, the chip loses will remain
unchanged in comparator mode and reset in interrupt mode.

Power-on default and power-on reset
SST-DM20 Power-on default state:
Normal operating mode
OS Comparison Mode
Tth(ots) = 80 °C
Thys = 75 °C
OS output active low
Pointer register value 00 (temperature register)
When the supply voltage drops below about 1.0V (POR) and stays above 2us,

then rises again, the chip resets to the power-on default state.

4.Register Read/Write Protocol



Tel: 8-812-309-58-32

www.eplast1.ru

Add: 198099, Saint-Petersburg, 

Kalinina street 2, b.4,lit.А.

www.eplast1.ru

Digital temperature sensor with watchdog function 

16

4.Register Read/Write Protocol

The communication between the host and the SST-DM20 must strictly follow the rules

defined by the I2C bus management. the protocol for SST-DM20 register read/write

operations follows the following definitions, as shown in Figures in next page.

1. The I2C bus must be idle or not busy before communication. This means that the

SCL and SDA lines must be released by all devices on the bus and they are pulled high

by the bus pull-up resistors.

The host must provide the SCL clock pulses required for communication. Data is

transmitted in a sequence of 9 SCL clock pulses for every 8 bits of data, followed by 1

bit for ACK.

During data transmission, the SDA signal must be stable when the SCL signal is high,

except for the start and stop signals. This means that the SDA signal can only be

changed for a low duration of the SCL line.

4. S: Start signal, sent by the host to initiate communication, SDA changes from high 
to low when SCL is high.

5. RS: Restart signal, same as the start signal, used to start the read command after 
the write command.

6. P: Stop signal, sent by the host to stop communication, SDA changes from low to 
high while SCL is high. The bus is released.

7. W: Write bit, when the write/read bit in the write command is 0.

8. R: Read bit, when the write/read bit in the read command is 1.

9. A: Slave ACK bit, returned by SST-DM20. 0 if working properly, 1 if not. the host 
must release the SDA line during this time to allow devices on the bus to control the 
SDA line.

10. A': Host ACK bit, not returned by the slave, but sent by the host or host 
when reading 2 bytes of data. During this clock cycle, the host must set the SDA line 
low to notify the device that the first byte has been read so that the device can 
supply the second byte to the bus.

11. NA: No ACK bit. During this clock cycle, both the device and host release the 
SDA line at the end of the data transfer, which then allows the host to generate a 
stop signal.

12. In the write protocol, data is sent from the host to the device and the host 
controls the SDA line, except for the clock cycle when the device sends a device 
acknowledge signal to the bus.

13. In a read protocol, data is sent from the device to the bus and the host must 
release the SDA line during the time period when the device provides data to the 
bus and controls the SDA line, except for the clock period when the host sends 
the host acknowledge signal to the bus.



Tel: 8-812-309-58-32

www.eplast1.ru

Add: 198099, Saint-Petersburg, 

Kalinina street 2, b.4,lit.А.

www.eplast1.ru

Digital temperature sensor with watchdog function 

17

Write configuration register (1-byte data)

Read configuration register (1-byte data)
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Read configuration or temperature register using preset pointer (1-byte data)

Write Tos or Thyst register (2-byte data)
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Read temperature, Tos or Thyst register (2-byte data)

Read temperature using preset pointer, Tos or Thyst register (2-byte data)
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6. Application Information

10k 10k

I2C bus

Address bit 

setting

SST-DM20

SDA

SCL

A2

A1

A0

GND

Vcc

10k

OS activation 

output

0.1µ

Temperature Accuracy

Since the local channel of the temperature sensor measures its own die temperature
transferred from its body, the temperature of the device body must be stabilized and
saturated to provide a stable reading. Since the SST-DM20 operates at low power levels,
the thermal gradient of the device package has little effect on the measurement. The
accuracy of the measurement depends more on the definition of the ambient temperature,
which is influenced by different factors: the printed circuit board on which the device is
mounted; the airflow in contact with the device body (if the ambient air temperature and
the printed circuit board temperature are very different, then the measurement may not be
stable due to the different heat path between the die and the environment).

(stable). When the device is fully immersed in the heat bath, the constant temperature
fluid of the heat bath will provide the optimal temperature environment. A thermal probe
mounted in a metal tube with a sealed end in air at a constant temperature also provides
a good method of temperature measurement.

To calculate the effect of self-heating, use Equation 1 below:

∆𝑇 = 𝑅𝑡ℎ(𝑗0𝑎) ∗ [ 𝑉𝐷𝐷 ∗ 𝐼𝐷𝐷 𝐴𝑉 + 𝑉𝑂𝐿 𝑆𝐷𝐴 ∗ 𝐼𝑂𝐿 𝑠𝑖𝑛𝑘 𝑆𝐷𝐴 + (𝑉𝑂𝐿 𝐸𝑉𝐸𝑁𝑇 ∗ 𝐼𝑂𝐿 𝑠𝑖𝑛𝑘 𝐸𝑉𝐸𝑁𝑌]

is the formula for calculating the effect of self-heating.
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Variable Description

∆𝑇 = 𝑇𝑗 − 𝑇𝑎𝑚𝑏 -

𝑇𝑗 Knot temperature

𝑇𝑎𝑚𝑏 Room temperature

𝑅𝑡ℎ(𝑗−𝑎) Package thermal resistance

𝑉𝐷𝐷 Supply voltage

𝐼𝐷𝐷(𝐴𝑉) Average current

𝑉𝑂𝐿 𝑆𝐷𝐴 = 𝑆𝐷𝐴 Low Output Voltage

𝑉𝑂𝐿 𝐸𝑉𝐸𝑁𝑇 = 𝐸𝑉𝐸𝑁𝑇 Low output voltage

𝐼𝑂𝐿(𝑆𝐼𝑁𝐾) 𝑆𝐷𝐴 = 𝑆𝐷𝐴 Low output current

𝐼𝑂𝐿 𝑆𝐼𝑁𝐾 𝐸𝑉𝐸𝑁𝑇 = 𝐸𝑉𝐸𝑁𝑇 Low output current

Noise impact

The design of the SST-DM20 device includes the achievement of good noise
immunity:

• The low-pass filters at both the SCL and SDA pins.

• A minimum input voltage threshold hysteresis of approximately 500mV for both the SCL
and SDA ports.

• ESD protection circuitry on all pins to prevent damage during surges. ESD protection
on address, OS, SCL, and SDA ground them. The address/OS latch-based device
breakdown voltage is typically 11V and SCL/SDA is typically 9.5V at any supply
voltage, but will vary with process and temperature. Since there is no protection diode
from SCL or SDA to VCC, the SST-DM20 will not hold the I2C line low when VCC is not
powered, thus allowing the I2C bus to continue to operate if the SST-DM20 is powered
down.

• However, when the device is used in a very noisy environment, good layout practices
and additional noise filters are recommended.

• Use decoupling capacitors on the VCC pins.

• Keep the digital path away from the switching power supply.

• Use proper termination for long distance communication.

• Add capacitors to the SCL and SDA lines to improve the characteristics of the low-pass
filter on the bus.
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7. Mechanical dimension

1. Plastic or metal protrusions of 0.15mm (0.006 inch) maximum per side are not
included

2. Plastic or metal protrusions of 0.25mm (0.01 inch) maximum per side are not included

Plastic small form factor package: 8-lead plastic package 3.9 mm wide
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Plastic small form factor package: 8-lead plastic package 3.9 mm wide

1. Plastic or metal protrusions of 0.15mm maximum per side are not included

2. Plastic or metal protrusions of 0.25mm maximum per side are not included
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SOP8 PCB Pinout Diagram

MSOP8/TSSOP8 PCB Pinout Dimensions


