
Snímače teploty



Zakladnı pojmy
Definice teploty:
č Fyzikalnı velic ina vyjadrujıcı mıru tepelne ho stavu tů lesa
Teplotnı stupnice
č Termodynamicka (Kelvinova)

č stupnice je urcena dvema pevnymi body:
absolutnı nula (ustava termicky pohyb elementarnıch castic)- 0 K
trojny bod vody (rovnovazny stav mezi skupenstvımi) - 273,16K

č zakladnı jednotkou je Kelvin [K] - 273,16-ta cast termodynamickř  
teploty trojnř ho bodu vody

č Mezinarodnı teplotnı stupnice ITS-90 (International Temperatur Scale)
č vznik v roce 1927 (Celsiova), postupne upravovana (naposledy 1990)
č definovana 17 pevnymi body (trojnř  body, body tanı, tuhnutı)

č Vzajemna souvislost teplotnıch stupnic
T = ϑ + 273,15 [K], [°C]



Rozde lenı snımacu  teploty

Snımace pro dotykove  mů renı
č elektrickř

č odporovř  kovovř
č odporovř  polovodicovř
č termoelektrickř
č polovodicovř  s PN prechodem (diodovř , tranzistorovř )

č dilatacnı
č tlakovř
č specialnı

Snımace pro bezdotykove  mů renı
č monochromatickř  pyrometry
č pasmovř  pyrometry
č radiacnı pyrometry



Odporový  kovový  snımace
Princip
č zmů na elektricke ho odporu kovu  v zavislosti na teplotů

[ ] [ ] [ ] [ ]K,K,,RR 1
0

−ΩΩϑ∆⋅α⋅=∆

∆R zmena elektrickř ho odporu
α teplotnı koeficient odporu (αPt = 0,0039, αNi = 0,0062, αCu = 0,00426 
∆ϑ zmena teploty

č odpor pri teplotů  ϑ
( )ϑ∆⋅α+=ϑ 1RR 0

vztah maplatnost jen v malř m rozsahu teplot
pro presnamerenı a vetsı rozsahy platı:
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Zakladnı vlastnosti
Zakladnı parametry
č R0 - zakladnı odpor - hodnota R c idla pri 

teplote 0 ° C, tj. v bodu tanı ledu 
č R100 - hodnota R c idla pri teplote 100° C, 

tj. v bodu varu vody
č Rϑ - hodnota R c idla pri teplote ϑ° C
č W100 - pomer odporu pri 100 a 0°C 

W100 = R100 / R0
č α - teplotnı souc initel odporu odporovř ho 

materialu c idla α = (R100 - R0 )/ 100 R0

Material c idla
č platina
č nikl
č me…

Material

C idla

Zakladnı
odpor

R0 [ Ω ]

Pomů r
odporu

W100

Mů ricı rozsah

[ ° C]

Pt 100 1,3850 -200 az  850

Ni 100 1,6180 -60 az  180 (250)

Cu 100 1,4260 -200 az  200

Vlastnosti c idel



Provedenı odporovy ch cidel

C idla vinuta
č spiralove stoceny odporovy dratek ∅ 0,01 az 0,05mm
č vinutı je

č ulozeno v kapilarach valcovych keramickych nosnych telısek
č navinuto na povrchu telısek a preskleno keramickym smaltem
č vyrabı se s odporem R0 = 100 a 500Ω

č vinutı nahrazeno odporovou vrstvou z Pt, Ni nanesenou na 
nosnř  desticce (substratu) z korundovř  keramiky

č tlustovrstva technologie
č nanasenı Pt vrstvy ve forme pasty na substrat sıtotiskem
č tepelna stabilizace vrstvy
č laserovř  nastavenı pozadovanř  hodnoty R0
č rozrezanı na jednotliva c idla a pripevnenı vyvodu

č tenkovrstva technologie
č Pt vrstva se nanası naprasovanım nebo naparovanım ve vakuu
č siroky sortiment hodnot R0 = 100/200/500/1000/2000,...Ω
č vyrabı se takř  pro technologii SMT

C idla vrstvova



Polovodicový  odporový  snımace

Princip
Zmena odporu je zpusobena teplotnı zavislostı koncentrace nosicu naboje
Rozdů lenı
č termistory

č negastory (termistor NTC - Negative Temperatur Coefficient)
č posistory (termistor PTC - Positive Temperatur Coefficient)

č monokrystalickř  Si snımace
Porovnanı charakteristik



Vlastnosti a pouzitı negastoru

č teplotnı koeficient zaporny a o rad vyssı nez u kovu
č α = -0,03 az -0,06 K-1

č vhodne  pro mů renı malych zmů n teploty
č male  rozmů ry (perlickovy termistor)

č bodovř  merenı
č mala casova konstanta

č nelinearnı zavislost odporu na teplotů
č mensı casova stalost
č poskozenı pri prehratı
č pouzitı pro me nů  narocne  aplikace

č napr. dvoustavova regulace



Pozistory

č kladny teplotnı souc initel odporu
č odpor zpocatku mırne klesa
č od referencnı (spınacı) teploty ϑJ prudce (o 3 rady) narusta [obr]
č pro vysokř  teploty opet klesa

č vyrabı se z polykrystalicke  feroelektricke  keramiky (BaTiO3)
č zavislost odporu na teplotů  (v oblasti naru stu R) 

ϑ⋅⋅= A
J eRR RJ odpor pri referencnı teplote ϑJ

A materialovakonstanta (0,16K-1)
ϑ teplota
ϑJ referencnı teplota (dle chem. slozenı 60 az 180°C)

č pouzitı
č merenı v ° zkř m rozsahu teplot
č dvoustavovř  snımace (signalizace prekrocenı prıpustnř  teploty)



Polovodicový  monokrystalický  snımace
Princip
č kuzelovy rozptyl nosic u  proudu

č rozptyl nosicu je ° merny jejich pohyblivosti
č pohyblivost nosicu je ° merna teplote

Struktura snımace

R1 R2

Nahradnı schema

č material - nevlastnı polovodic  N (Si)
č dva sř riove razenř  kontakty kov-polovodic  - nezavislost na smeru proudu
č zpetny kontakt na spodnı strane spojuje vnitrnı odpory R1 a R2



Teplotnı zavislost odporu
Zavislost odporu na rozmů rech snımace

za predpokladu, ze: d<<D a d<<H (viz struktura) platı:

Odpor nezavisı na vnů jsıch 
rozmů rech snımaced

R ρ
= d prumer kontaktu

ρ mernyodpor

Zavislost odporu na teplotů
priblizne platı: R = R0 + k(ϑ - ϑ0)2

č teplotnı rozsah: -50 az 150 ΔC
č jmenovite  hodnoty R25 1; 2 kΩ
č α (radovů ) 10-2 K-1

č prıklad KTY10



Mu stkový  metody me renı

č Dvouvodicove  pripojenı c idla

Rϑ c idlo
RCu odpor prıvodu
RJ justacnı odpor

č vliv odporu  prıvodu je kompenzovan justacnım odporem
č justacnı odpor slouz ı k presnř mu doladenı  rozsahu merenı
č odpory prıvodu Rcu zavisı zpravidla na teplote - chyba merenı
č kompenzace vlivu teploty na prıvodnı vodice- 3 nebo 4 vodicovř  

zapojenı



C tyrvodicový  zapojenı s proud. zdrojem

č eliminace vlivu odporu prıvodnıch vodic u
č zesilovac  s velkym Ri
č eliminace napů tı na pocatku rozsahu U = Ist.RϑZ

UV=A.(Ist.Rϑ - U) 
= A. Ist. ∆Rϑ



Monokrystalický  PN snımace teploty
č Princip

č teplotnı zavislost napetı PN prechodu v propustnř m smeru
č lze odvodit, ze zmena napetı ∆UD/ ∆T = -(2,0 az 2,5) mV/K
č teplotnı zavislost PN diody:

č Material
č kremık
č galiumarsenid



Tranzistorový  PN senzory
č princip

č teplotnı zavislost prechodu BE v propustnř m smeru

č vyhodnocovacı obvod 
č ze schř matu lze odvodit vztah:

1
V

stBEV R
2RUUU −−=



Termoelektrický  snımace teploty

č Princip
č vznik termoelektrickř ho napetı (Seebeckuv jev)
č material kovy (ruznř ), polovodice
č vypocet napetı pro maly rozdıl teplot:
U=∝12 (ϑm - ϑs) [mV, mV/K, K]
∝12 termoelektrickykoeficient

č Kovy radove 101 µV/K
č Polovodice vıce nez 100 µV/K 

č Material termoc lanku
č pary materialu jsou ve svete normalizovany
č termoc lanky se znac ı dle IEC velkymi pısmeny
č statickř charakteristiky vybranych termoc lanku
č prıklad konstrukcnıho usporadanı



Kompenzace teploty srovnavacıho konce

Druhy kompenzacı
č kompenzacnı vedenı
č kompenzacnı krabice
č kompenzace termostatem
č izotermicka svorkovnice

Kompenzacnı vedenı
č prodlouzenı termoc lanku
č umıstenı srovnavacıho konce do 

prostredı s malymi zmenami teploty
č prodluzovacı vedenı ze stejnř ho 

materialu jako termoc lanek
č pouz itı na mensı vzdalenosti



Dilatacnı snımace teploty

č Princip
č zmena dř lky nebo objemu latky v reakci na merenou teplotu

č Rozdů lenı
č kovovř

č tycovř
č bimetalovř

č kapalinovř



Provedenı jasovy ch pyrometru
č Pyrometry s mizejıcım vlaknem 

č Pyrometry s sedym klınem

č menı se jas pyrometrickř  zarovky
č je-li jas telesa a jas zarovky stejny 

vlakno nenı videt
č mA - metr je ocejchovan ve °C
č rozsah omezen teplotou wolframovř ho 

vlakna (700 az 1500 °C)
č zvetsenı rozsahu - sedyfiltr (3500 °C) 

č srovnavacı zdroj ma konstantnı jas
č klınovy sedy filtr menı jas telesa
č mericı rozsah (700 az 3500 °C)
č podstatne delsı z ivotnost srovnavacıho 

zdroje 



Dvojvodicový  prevodnıky pro Pt100
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FEATURES
� Temperature Measurements Require No

External Components
� Measure Temperatures from -55°C to +125°C

(-67°F to +257°F)
� DS1626: �0.5°C Accuracy from 0°C to

+70°C
� DS1726: �1°C Accuracy from -10°C to

+85°C
� Output Resolution is User-Selectable to 9, 10,

11, or 12 Bits
� Wide Power-Supply Range (2.7V to 5.5V)
� Convert Temperature to Digital Word in

750ms (max)
� Stand-Alone Thermostat Capability
� Thermostatic Settings are User-Definable and

Nonvolatile (NV)
� Data is Read/Written Through a 3-Wire Serial

Interface
� Available in 8-Pin �MAX/�SOP Package

PIN CONFIGURATION

DESCRIPTION
The DS1626 and DS1726 digital thermometers/thermostats provide temperature measurements and stand-
alone thermostat capability over a -55°C to +125°C range. The DS1626 offers ±0.5°C accuracy from 0°C to
+70°C and the DS1726 has ±1°C accuracy from -10°C to +85°C. The resolution of the measured
temperature is user-selectable from 9 to 12 bits. Communication with the DS1626 and DS1726 is achieved
through a 3-wire serial bus.
The DS1626 and DS1726 offer thermostatic functionality with three dedicated thermostat outputs (THIGH,
TLOW, and TCOM), and over-temperature (TH) and under-temperature (TL) user-programmable thresholds
stored in on-chip EEPROM. For stand-alone thermostat operation, TH and TL can be programmed prior to
installation, and the DS1626/DS1726 can be configured to automatically begin taking temperature
measurements at power-up.
Pin descriptions for the DS1626 and DS1726 are provided in Table 2 and user-accessible registers are
summarized in Table 3. A functional diagram is shown in Figure 1.

DS1626/DS1726
High-Precision 3-Wire Digital

Thermometer and Thermostat
www.maxim-ic.com

�SOP
(DS1626U, DS1726U*)

CLK/CNV
VDD

THIGH

TLOW

TCOMGND
RST

DQ

6

8

7

5

3

1

2

4

See Table 1 for Ordering Information
See Table 2 for Pin Descriptions

APPLICATIONS
� Thermostatic Controls
� Industrial Controls
� Consumer Products
� Any Space-Constrained Thermally Sensitive

Application

*Future product—contact factory for availability.



DS1626/DS1726
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 ORDERING INFORMATION
PART PACKAGE MARKING DESCRIPTION

DS1626U D1626 8-Pin �SOP
DS1626U/T&R D1626 8-Pin �SOP, 3000-Piece Tape-and-Reel
DS1726U D1726 8-Pin �SOP
DS1726U/T&R D1726 8-Pin �SOP, 3000-Piece Tape-and-Reel

Table 2. DETAILED PIN DESCRIPTION
PIN SYMBOL FUNCTION

1 DQ Data Input/Output Pin (Tri-State) for 3-Wire Serial Communication

2 CLK/CNV
Clock Input Pin for 3-Wire Serial Communication. Controls temperature
measurements when the DS1626/DS1726 is configured as a stand-alone thermostat

3 RST Reset Input Pin for 3-Wire Serial Communication
4 GND Ground Pin
5 TCOM Thermostat Output Pin (Push-Pull) with Programmable Hysteresis
6 TLOW Thermostat Output Pin (Push-Pull) with TL Trip Point
7 THIGH Thermostat Output Pin (Push-Pull) with TH Trip Point
8 VDD Supply Voltage. +2.7V to +5.5V Input Power Pin

Table 3. DS1626/DS1726 REGISTER SUMMARY
REGISTER NAME
(USER ACCESS) SIZE MEMORY

TYPE
REGISTER CONTENTS

AND POWER-UP/POR STATE
Temperature
(Read Only) 12 Bits SRAM Measured Temperature (Two’s Complement)

Power-Up/POR State: -60ºC (1100 0100 0000)

TH
(Read/Write) 12 Bits EEPROM

Upper Alarm Trip Point (Two’s Complement)
Power-Up/POR State: User-Defined.
Initial State from Factory: +15°C (0000 1111 0000)

TL
(Read/Write) 12 Bits EEPROM

Lower Alarm Trip Point (Two’s Complement)
Power-Up/POR State: User-Defined.
Initial State from Factory: +10°C (0000 1010 0000)

Configuration
(Various Bits are
Read/Write and Read
Only—See Table 5)

1 Byte SRAM and
EEPROM

Configuration and Status Information (Unsigned)
4MSbs = SRAM and 4LSbs = EEPROM
Power-Up/POR State: 1000XXXX (XXXX = User-
Defined)

Figure 1. DS1626/DS1726 FUNCTIONAL DIAGRAM

TCOM

THIGH
TLOW

TH REGISTER
DIGITAL

COMPARATOR/LOGIC

CONFIGURATION REGISTER AND CONTROL LOGIC

ADDRESS
and

I/O CONTROL

VDD

CLK/CNV
SDA
RST

GND

TEMPERATURE SENSOR AND �� ADC

TEMPERATURE REGISTER

TL REGISTER



General Description
The MAX6625/MAX6626 combine a temperature sensor,
a programmable overtemperature alarm, and an I2C™-
compatible serial interface into single compact packages.
They convert their die temperatures into digital values
using internal analog-to-digital converters (ADCs). The
result of the conversion is held in a temperature register,
readable at any time through the serial interface. A dedi-
cated alarm output, OT, activates if the conversion result
exceeds the value programmed in the high-temperature
register. A programmable fault queue sets the number of
faults that must occur before the alarm activates, prevent-
ing spurious alarms in noisy environments. OT has pro-
grammable output polarity and operating modes.

The MAX6625/MAX6626 feature a shutdown mode that
saves power by turning off everything but the power-on
reset and the I2C-compatible interface. Four separate
addresses can be configured with the ADD pin, allowing
up to four MAX6625/MAX6626 devices to be placed on
the same bus. The MAX6625P/MAX6626P OT outputs are
open drain, and the MAX6625R/MAX6626R OT outputs
include internal pullup resistors. 

The MAX6625 has a 9-bit internal ADC and can function
as a replacement for the LM75 in most applications. The
MAX6626 has a 12-bit internal ADC. Both devices come
in the space-saving 6-pin SOT23 package.

Applications
Fan Control
Temperature Alarms
System Temperature Control
Industrial Equipment

Features
� 9-Bit Temperature-to-Digital Converter (MAX6625)

� 12-Bit Temperature-to-Digital Converter (MAX6626)

� Accuracy
±1°C (TA = +25°C)
±1.5°C (0°C to +50°C)
±2°C (0°C to +70°C)
±3°C (-40°C to +85°C)
±4°C (-55°C to +125°C)

� 133ms Conversion Time

� I2C-Compatible Serial Interface

� Up to Four Devices on a Single Bus

� Versatile Alarm Output with Programmable Trip
Temperature and Hysteresis

� Low-Power Shutdown Mode

� Space-Saving 6-Pin SOT23 Package

M
A

X
6

6
2

5
/M

A
X

6
6

2
6

9-Bit/12-Bit Temperature Sensors with 
I2C-Compatible Serial Interface in a SOT23

________________________________________________________________ Maxim Integrated Products 1

GND

OTSCL

1 6 VS

5 ADD

SDA

MAX6625
MAX6626

SOT23-6

TOP VIEW

2

3 4

Pin Configuration

4

6

VS

0.1µF

1MAX6625
MAX6626

3
SCL

TO I2C
MASTER

10k
(OMIT FOR MAX6625R
AND MAX6626R)

SDA

5 2

1k 1k

OT OUTPUT

Typical Operating Circuit

19-1841; Rev 2; 7/02

*For device options, see Selector Guide at end of data sheet. 
Requires special solder temperature profile described in the
Absolute Maximum Ratings section.

Ordering Information
PART TEMP. RANGE PIN-PACKAGE

M A X6 6 2 5 P M U T - T * -55°C to +125°C 6 SOT23-6

MAX6625RMUT-T* -55°C to +125°C 6 SOT23-6

M A X6 6 2 6 P M U T - T * -55°C to +125°C 6 SOT23-6

MAX6626RMUT-T* -55°C to +125°C 6 SOT23-6

I2C is a trademark of Philips Corp.

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at 
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.



General Description
The MAX6676/MAX6677 are high-accuracy, low-power
temperature sensors with a single-wire output. The
MAX6676/MAX6677 convert the ambient temperature
into a ratiometric PWM output with temperature informa-
tion contained in the duty cycle of the output square
wave. The MAX6676 has an open-drain output and the
MAX6677 has a push-pull output.

The MAX6676/MAX6677 are specified for operation
with power-supply voltages from 1.8V to 3.6V, or from
3.6V to 5.5V. The typical unloaded supply current is
80µA. All devices feature a single-wire output that mini-
mizes the number of pins necessary to interface with a
microprocessor (µP). The output is a square wave with
a nominal frequency of 1.8kHz (±20%) at +25°C. The
output format is decoded as follows: 

Temperature (°C) = 398.15 ✕ (t1 / t2) - 273.15

Where t1 is fixed with a typical value of 0.24ms and t2 is
modulated by the temperature. The MAX6676/
MAX6677 operate from -40°C to +125°C and are avail-
able in space-saving 6-pin SOT23 packages. 

Applications
Process Control

Industrial

HVAC and Environmental Control

Automotive

Portable Devices

µP and µC Temperature Monitoring

Isolated Temperature Sensing

Features
� Simple Single-Wire, 1.8kHz PWM Output

� Operates Down to 1.8V

� High Accuracy
±1.5°C at TA = +25°C
±3.0°C at TA = 0°C to +85°C

� Operates from -40°C to +125°C

� Low 80µA Typical Current Consumption

� Small 6-Pin SOT23 Package

M
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X
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Low-Voltage, 1.8kHz PWM Output Temperature
Sensors

________________________________________________________________ Maxim Integrated Products 1

GND

GNDVCC

1 6 GND

5 GND

DOUT

MAX6676
MAX6677

SOT23

TOP VIEW

2

3 4

Pin Configuration

Ordering Information

VCC

VCC

*REQUIRED ONLY FOR MAX6676.

5.1kΩ*

GND

DOUT

µC

INPUT TO 
TIMER/COUNTER

MAX6676 t2

t1

0.1µF

Typical Operating Circuit

19-2660; Rev 0; 10/02

*Future product—contact factory for availability.

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at 
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.

PART
TEMP

RANGE
PIN-
PACKAGE

MAX6676AUT3-T -40°C to +125°C 6 SOT23-6

MAX6676AUT5-T* -40°C to +125°C 6 SOT23-6

MAX6677AUT3-T* -40°C to +125°C 6 SOT23-6

MAX6677AUT5-T* -40°C to +125°C 6 SOT23-6

PART
OUTPUT

TYPE

SUPPLY
VOLTAGE
RANGE (V)

TOP
MARK

MAX6676AUT3 Open drain 1.8 to 3.6 ABBF

MAX6676AUT5 Open drain 3.6 to 5.5 ABBG

MAX6677AUT3 Push-pull 1.8 to 3.6 ABBH

MAX6677AUT5 Push-pull 3.6 to 5.5 ABBI

Selector Guide
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• Kapacitní senzory s výstupní kapacitou 0-2 pF, 0-)4��5����������$������������o 300 pF 
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 Podívejme se nyní na blokové schéma na obrázku 1. 
 

 

Obrázek 1. Blokové schéma obvodu UTI03 

<����������#�����0&1*2�����������8��!�����$����"�����������������������
���������!�������������������$�
k �
�"�������������������
�����������'�����������(��=�����$����������#������������$����%�����!�����$����
gene�������������!����"��������������
�������������������	������%���
!��������������������������������
�����7*>����#������������ ����������
������
�������
�+.?)��"�+.?@����"�������������A���������������
�
��� �������� �� �����
�/�?!� +5� ��  B� ������� ���	�� 
������� �#������������� �������� ��� ���������� ���
interval (délku pulsu) na výstupu. 

Hlavní vlastnosti: 
• ����������������������� 
• <��������4!C�D��"�7!7�D 
• +�����#�����4!7��,���� ��"����E������F�������)!7�µA 
• -����	��������������������������
��)2��"�)@�#���� 



• B�#���������)*��� nebo 100 ms 
• Rozsah provozní teploty –@*�G/��"�H7�G/ 
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Obrázek 2. První 
seznámení s obvodem 
UTI03 na zkušební 
desce. 




