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SMBus communication with TSM

1. Introduction

Pin Name  Pin Description  

Application Note 
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SMBus communication with TSM
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SMBus communication with TSM

3. Electrical Specifications
3.1 MD-0003 and MD-0005  

Parameter  Symbol Test Conditions Min Typ  Max Units 
SMBus compatible 2-wire interface

2

EEPROM  
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SMBus communication with TSM

3.2 MD-0006, MD-0007  

Parameter  Symbol  Test Conditions Min Typ Max Units 
SMBus compatible 2-wire interface

2

EEPROM  
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SMBus communication with TSM

4. SMBus Protocol Description

4.1 Glossary of Terms  

Note:   All versions of the Temperature sensor module are sometimes referred to as “the module” or 
just TSM.
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SMBus communication with TSM

4.2 Overview  
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SMBus communication with TSM

4.3 PEC  
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SMBus communication with TSM

Calculation Method

4.4 Electrical characteristics
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SMBus communication with TSM

Note 1:  A master shall not drive the clock at a frequency below the minimum fSMB. Further, the operating clock 
frequency shall not be reduced below the minimum value of fSMB due to periodic clock extending by slave 
devices  This limit does not apply to the bus idle condition, and this limit is independent from the tLOW: SEXT
and tLOW: MEXT limits. For example, if the SCL is high for tHIGH,MAX, the clock must not be periodically stretched 
longer than 1/fSMB,MIN  – fHIGH,MAX. This requirement does not pertain to a device that extends the SCL low for 
data processing of a received byte, data buffering and so forth for longer than 100us in a non-periodic way. 

Note 2: Devices participating in a transfer can abort the transfer in progress and release the bus when any single 
clock low interval exceeds the value of tTIMEOUT,MIN. After the master in a transaction detects this condition, it 
must generate a stop condition within or after the current data byte in the transfer process. Devices that 
have detected this condition must reset their communication and be able to receive a new START condition 
no later than tTIMEOUT,MAX.  Typical device examples include the host controller, and embedded controller and 
most devices that can master the SMBus. Some simple devices do not contain a clock low drive circuit; 
this simple kind of device typically may reset its communications port after a start or a stop condition. A 
timeout condition can only be ensured if the device that is forcing the timeout holds the SCL low for 
tTIMEOUT,MAX or longer.

Note 3:  tHIGH,MAX provides a simple guaranteed method for masters to detect bus idle conditions. A master can 
assume that the bus is free if it detects that the clock and data signals have been high for greater than 
tHIGH,MAX.

Note 4:  tLOW:SEXT is the cumulative time a given slave device is allowed to extend the clock cycles in one message 
from the initial START to the STOP. It is possible that, another slave device or the master will also extend 
the clock causing the combined clock low extend time to be greater than tLOW:SEXT. Therefore, this parameter 
is measured with the slave device as the sole target of a full-speed master. 

Note 5:  tLOW:MEXT is the cumulative time a master device is allowed to extend its clock cycles within each byte of a 
message as defined from START-to-ACK, ACK-to-ACK, or ACK-to-STOP. It is possible that a slave device 
or another master will also extend the clock causing the combined clock low time to be greater than 
tLOW:MEXT on a given byte. Therefore, this parameter is measured with a full speed slave device as the sole 
target of the master. 

Note 6:  Rise and fall time is defined as follows: 
tR = (VIL,MAX - 0.15) to (VIH,MIN + 0.15) 
tF = (VIH,MIN + 0.15 )to (VIL,MAX - 0.15) 

Note 7:  For the first silicon revision of a TSM module this value is above 500ns. 

4.5 Timeouts 
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SMBus communication with TSM

4.6 Slave device timeout definitions and conditions

4.7 Master device timeout definitions and conditions 

Note:  A Master should take care when evaluating tLOW:SEXT violation during arbitration since the clock may be held 
low by multiple slave devices simultaneously. The arbitration interval may be extended for several bytes in 
the case of devices that respond to commands to the SMBus ARP address. If timeouts are handled at the 
driver level, the software may need to allow timeouts to be configured or disabled by applications that use 
the driver in order to support older devices that do not fully meet the SMBus timeout specifications. 
Devices that implement ‘shared’ slave addresses may also violate this specification due to combined clock 
stretching by the different devices sharing the address. TTIMEOUT,MIN, however, does not increase due to 
combined clock stretching. Therefore, this is a safer timeout parameter for a Master to use when it knows  
it’s accessing SMBus 2.0 devices.

4.8 Low-power DC specifications 

Note 1:  Devices must meet this specification whether powered or un-powered. However, a 
microcontroller acting as a SMBus host may exceed ILEAK by no more than 10 A. Note 2: The 
IPULLUP,MAX specification is determined primarily by the need to accommodate a maximum of 1.1K 
equivalent series resistor of removable SMBus devices, such as the Smart Battery, while 
maintaining the VOL,MAX of the bus.
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SMBus communication with TSM

4.9 High-power DC specifications 

Note 1:  Capacitive load for each bus line includes all pin, wire and connector capacitances. The maximum 
capacitive load affects the selection of the RPU pull-up resistor or the current source in order to meet the 
rise time specifications of SMBus. 

Note 2:  Pin capacitance (CI) is defined as the total capacitive load of one SMBus device as seen in a typical 
manufacturer's data sheet.
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SMBus communication with TSM

4.10 Bit transfer 

5. Comparing the I2C Bus to the SMBus
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SMBus communication with TSM

5.1 Timeout and Clock Speed differences 

5.2 DC specifications differences 

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

14

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

5.3 Other differences 

ACK NACK 

6. SMBus communications with the TSM

6.1 Overview 
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SMBus communication with TSM

6.2 Timing 
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SMBus communication with TSM

6.3 Detailed Communication description

,

Note*: The xxxxx represent the 5 LSBits of the memory map address to be read / written. 
Note**: Behaves like read command. The TSM returns PEC after 16 bits data of which only 4 are meaningful 
and if the MD wants it, it can stop the communication after the first byte. 
The difference between (RAM or EEPROM) read to Read Flags is that the latter does not have a repeated start 
bit. Flags read are:  

Data[15] – EEBUSY – the previous write/erase EEPROM access is still in progress. High active. 
Data[14] – unused 
Data[13] - EE_DEAD – EEPROM double error has occurred. High active. 
Data[12] – INIT – POR initialization routine is still ongoing. Low active. 
Data[11] – not implemented. 
Data[10..0] – all zeros.  

Flags read is a diagnostic feature. The TSM can be used regardless of these flags. 

Opcode Command

RAM (32 x 16)  

Name  Opcode 
and 

Address  

Read 
access

Factory reserved 0x00h Yes 

… … …

Ambient sensor data 0x03h Yes 

IR 1   sensor  data 0x04h Yes 

IR 2    sensor data 0x05h Yes 

Ta   calibrated data 0x06h Yes 

Tobj1  calibrated data 0x07h Yes 

Tobj2  calibrated data 0x08h Yes 

Factory reserved 0x09h Yes 

… … …

Factory reserved 0x1Fh Yes 

EEPROM (32 x 16)  
Name  Opcode and 

Address  
Write 

access
To

max
0x20h Yes 

To
min

0x21h Yes 
PWMCTRL 0x22h Yes 
Ta range 0x23h Yes 

Emissivity correction 
coefficient (Ke)

0x24h Yes 

Config Register1 0x25h Yes 
Factory reserved 0x26h No 

… … …
Factory reserved 0x2Dh No 
SMBus address 0x2Eh Yes 
Factory reserved 0x2Fh Yes 
Factory reserved 0x30h No 

… … …
Factory reserved 0x38h No 
Factory reserved 0x39h Yes 
Factory reserved 0x3Ah No 
Factory reserved 0x3Bh No 

ID number 0x3Ch No 
ID number 0x3Dh No 
ID number 0x3Eh No 
ID number 0x3Fh No 
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SMBus communication with TSM

Pseudo code example: Reading RAM address 0x07 (Tobj1) 
1. Send START bit
2. Send Slave Address (0x00* for example) + Rd\-Wr bit**
3. Send Command (0b000x_xxxx + 0b0000_0111 -> 0b0000_0111)
4. Send Repeated START bit
5. Send Slave Address +Rd \ -Wr bit**
6. Read Data Byte Low (master must send ACK bit)
7. Read Data Byte High (master must send ACK bit)
8. Read PEC (master can send ACK or NACK)
9. Send STOP bit

Note* : Any TSM will respond to address 0x00 Note**: Bit Rd\-Wr has no meaning for TSM 

..…

..…

Start 

Slave 
Address = 0 

Read Ram 
0x07h 

Start 
Repeat 

Slave Address 
Read = 1 

LSB 
0x49h 

MSB 
0x3Bh 

PEC 
0x5Ch 
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SMBus communication with TSM

Read Ram EEPROM 

Send START bit 

ACK from Slave 

No

Yes 

Send Slave Address 

Send command 

Send Stop bit 

Send Repeat Start 

Send Slave Address 

ACK from Slave 

No

Yes 

Read low data byte 

Master Sends ACK 

Read high data byte  

Master Sends ACK 

Read PEC byte 

Master Sends 
ACK  NAK

Send Stop bit 

End  read 

ACK from Slave 

No

Yes 
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SMBus communication with TSM

Pseudo code example
An Erasing of the EEPROM address 0x0E (SMBus Address) 
1. Send START bit
2. Send Slave Address (0x00* for example) + Rd\-Wr bit**
3. Send Command (0b001x_xxxx + 0b0000_1110 -> 0b0010_1110)
4. Send Low data 0x00
5. Send High data 0x00
6. Send PEC 0x6F
7. Send STOP bit
8. Wait 5ms (this time is need the cell to be erased)

A writing of 0x5A in EEPROM address 0x0E (SMBus Address) 

1. Send START bit
2. Send Slave Address (0x00* for example) + Rd\-Wr bit**
3. Send Command (0b001x_xxxx + 0b0000_1110 -> 0b0010_1110)
4. Send Low Byte 0x5A
5. Send High Byte 0x00 (the high byte of the EEPROM address 0x0E has no meaning)
6. Send PEC 0xE1
7. Send STOP bit
8. Wait 5ms (this time is need the cell to be written)
9. Turn off / Turn on module power supply to reset TSM (After this TSM will respond to the new slave

address 0x5A)***

..…

..…
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SMBus communication with TSM

Write EEPROM 

Send START bit 

ACK from Slave 

No

Yes 

Send Slave Address 

Send command 

Send Stop bit 

Send low data byte 

ACK from Slave 

No

Yes 

Send high data byte 

ACK from Slave 

No 

Yes 

ACK from Slave 

No 

Yes 

Send PEC byte 

ACK from Slave 

No 

Yes 

Send Stop bit 

End  Write 

Wait 5 msec 

Restart TSM 

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

21

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

7. Sleep Mode

Pseudo code example: Put TSM in Sleep mode 
1. Send START bit
2. Send Slave Address (0x00* for example) + Rd\-Wr bit**
3. Send command 0xFF
4. Send PEC byte 0xF3
5. Send STOP bit
6. Put the SCL line in low level

If EEPROM is configured for PWM (EN_PWM is 
high), the PWM interface will be selected after 
awakening and if PWM control [2], PPODB is 1 
the TSM will output a PWM pulse train with 
push-pull output. 
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SMBus communication with TSM

Enter Sleep 

Send START bit 

ACK from Slave 

No 

Yes 

Send Slave Address 

Send command 

Send Stop bit 

Send PEC byte 

ACK from Slave 

No

Yes 

ACK from Slave 

No

Yes 

Send Stop bit 

End  Sleep 

Set SCL Low 
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SMBus communication with TSM

8. Electrical considerations of SMBus applications with TSM
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SMBus communication with TSM

9. Applications Information
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SMBus communication with TSM

APPENDIX – SMBus exemplary functions for PIC18 using 
microchip MCC18 compiler 

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

28

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

29

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

30

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

31

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

32

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

33

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

34

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

Detectors

Germany & Other Countries
Laser Components GmbH 
Tel: +49 8142 2864 – 0 
Fax: +49 8142 2864 – 11 
info@lasercomponents.com
www.lasercomponents.com

France
Laser Components S.A.S. 
Tel: +33 1 39 59 52 25 
Fax: +33 1 39 59 53 50 
info@lasercomponents.fr
www.lasercomponents.fr

United Kingdom
Laser Components (UK) Ltd. 
Tel: +44 1245 491 499 
Fax: +44 1245 491 801 
info@lasercomponents.co.uk
www.lasercomponents.co.uk

Nordic Countries
Laser Components Nordic AB 
Tel: +46 31 703 71 73 
Fax: +46 31 703 71 01 
info@lasercomponents.se
www.lasercomponents.se

 



 

35

05
/

18
 /

 V
02

 /
 IF

 /
 d

ex
te

r-r
es

ea
rc

h/
sm

bu
s-c

om
m

un
ic

at
io

n_
ap

pl
i-n

ot
e

SMBus communication with TSM

10. Revision Table
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