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Thermistors

B A thermistor is a temperature transducer, typically featuring relatively fast
response times, very good sensitivity, low cost but not so good linearity

By Depending on whether the thermistor resistance decreases or increases
with the temperature, we can talk about

NTC (negative temperature coefficient) thermistors, whose resistance
decreases as the temperature increases

PTC (positive temperature coefficient) thermistors, whose resistance
increases as the temperature increases

What is a Thermistor?

Types of Thermistors, Working & Applications
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NTC Thermistors

B They are usually built using

a mixture of metal oxides
with the property, similar to
semiconductors, that the
conductivity increases as
the temperature increases

Compared to PTC, NTC
feature better linearity and a
larger operating interval.
Resistance to temperature
characteristic is exponential

- Linearity is intended in the

Log way being R-T an EXP
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Thermo-Resistors (Ni100, Pt100

By They have intrinsic PTC linear response on Linear Scale
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Purpose of The Experiments

By Play with a system for data acquisition from a temperature sensor, in
particular from an NTC thermistor and a Pt1000. You'll play with:

= a conditioning circuit for the signal coming from each sensor

= a common virtual instrument implemented in the LabVIEW
environment serving as an interface between the acquisition system
and the user

B, The virtual instrument should take care of acquiring the
temperature and representing the time evolution of the measured
voltage and the instantaneous value of the temperature
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Simplified Conditioning Circuit Example (common)

Gain = 1 (buffer)

WL

R1=1.1 kQ

vicc+ ——C
T BN C=100 nF

<R, | T'—“ﬂ1>._ Vour VCC+=+15V
VCC-=-15V
T
V1CC+=5V

R.| —¢
RT: sensor
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Complete Conditioning Circuit Example (common)

this

1 ] J2 8 [
+15V -15V ‘ ca +5V GND
) 1 1]
l l GND 100nF
ci 07 — ’'4
100nF| 100nF
GND 7 J8 J9
— A [ B c
U1 P‘" —T —T T
3 R3
L N I .
B § R1 R2 ;ﬂ_1_meg Q
OP-AMP . 6 110 Q 1.1k Q
TLO81
2 7
- =
- _ -~ c3
100nF
J10
— GND
TERMISTORE =
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R-T Characteristic for the Thermistor

Temperature coefficient (about

Thermistor resistance at constant between 25 ° Cand 100 ° C)
temperature T \
\ 1 1
e BT
_ T T, i 0
R,(T)=R, (T T /T

Thermistor resistance at the
reference temperature
TO0=25° C

In KELVIN |
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T-VOUT Relationship (Thermistor)

® Measured voltage as a function of the thermistor resistance

Voyr =—RT__.V1CC' = 1R VICC' =Ry =——OUT R
R, +R, 1R VICC' vy,
T

% Relationship between temperature and measured voltage

T= BTO

Vour ‘R
T .In out "Ry
P+ T, {(VlCC*—vOUT)-RTj
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TLO81 JFET Input OpAmp

ﬁNutinnat Semiconductor

TLO81 Wide Bandwidth JFET
Input Operational Amplifier

General Description

The TLOS1 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The TLO81 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The TLO81 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The devices has low noise and offset
voltage drift, but for applications where these requirements
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December 1995

are critical, the LF356 is recommended. If maximum supply
current is important, however, the TLOBAC is the beftter
choice.

Features
m [nternally trimmed offset voltage 15 mV
B Low input bias current 50 pA
m Low input noise voltage 25 nV/Hz
B Low input noise current 0.01 pA/JHz
B Wide gain bandwidth 4 MHz
® High slew rate 13 V/ps
B [ ow supply current 1.8 mA
m High input impedance 10120
m Low tota harmonic distorion Ay = 10, <0.02%
Ry = 10k, Vo = 20 Vp-p,
BW = 20 Hz—20 kHz
m Low 1/f noise corner 50 Hz
B Fast seftling time to 0.01% 2 ps
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TLO81 JFET Input OpAmp

Typical Connection Simplified Schematic

Vier &

LM fa35E-1
INTERRALLY
INTERNALLY TRIMMED
THIMMED
Connection Diagram il
TL/HME e -2
Duakin-Line Package
BALANLE — 3 LI
T i &
INFUT —-': [ fm—
INPFIT _3 £ OUTPUT
v — e BALONCE
T/ M/ E35a-2

Order Number TLO81CP
See NS Package Number NOBE
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TDK B57045K NTC Thermistor

. [Electrical specification and ordering codes
o
E
E‘ e = Mo. of BT i Ordering code
_ 0 characteristic K
5.5max 1k 1011 3730 £3% B57045K0102K000
. 22k 1013 3900 £3% B57045K0222K000
i 47k 4001 3950 3% B57045K0472K000
5 6.8k 2903 4200 +3% B57045K0682K000
% 10k 2904 4300 +3% B57045K0103K000
. & 33k 1012 4300 +3% B57045K0333K000
- @0.4 47k 4003 4450 +3% B57045K0473K000
68 k 2005 4600 +3% B57045K0683K000
seliai 100 k 2005 4600 +3% B57045K0104K000
150 k 2005 4600 +3% B57045K0154K000
Applications
® Temperature compensation g5
® Temperature measurement .
® Temperature control Q

Features

® Wide resistance range

® Cost-effective

® Lacquer-coated thermistor disk

® Tinned copper leads

® Marked with resistance and tolerance
@ Available on tape (PU: 1500 pcs)
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Marco Grassi —

VI Front Panel (Example)

Number of
samples to

average :

Voltage [V]

Instantaneous temperature [° C or K]
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DAQmx Create Channel.vi and DAQmx Read.vi

- DAQmx Create Channel.vi provides the acquisition board with
information about the type and range of the signals to be
acquired and about the input channel

B DAQmMx Read.vi samples the signal from the specified channel
and yields the measured value | aspwr 20 Ao | a1 piciTa

e JRTSGA  DGRE Y o 1
expected limits for the —, lowimE : e aEhshans | Xanneaununnns
signal to be acquired &' e "

g imil
.
R—— P 123
| i 20
input channel (e.g. Dev2/al) —
_ Al Yaoltage = Analog DEL
(MYDAQ, AIO phrysical channels ¥

) \ / 1Chan 15amp
.H

Measurement I/0O —-> DAQmx Data Acquisition -> DAQmx Create Channel.vi

Measurement I/0O -> DAQmx Data Acquisition -> DAQmx Read.vi
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Common Setup

FOF /MYDAQ
DICil: COUNTER IN
(8: CLOCK OUT
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While loop

B Needed for continuous acquisition of the signal coming from
the conditioning circuit (you can find it in the Structures menu
from the Functions palette) — a “stop” button should be
included in the virtual instrument to stop the acquisition

loop condition

16
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Temperature Calculation (Thermistor-Select True)

% Basic and advanced algebraic and mathematical blocks/functions can be used to
convert the op-amp output voltage into temperature (recommended)

= Offset and Gain Errors may need to be considered and compensated

Voltage |_
|238,15
m
Example of Voltage to Temperature DE Beta
conversion for a thermistor ﬁ, !
Ll
VICC x

Voltage [V]

\ Output Veltage
i

.—qb_ ﬁ [ Temperature [K]
: 7

\V/

Natural log (base 2.718): Mathematics, Elementary, Exponential, LN
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Waveform Chart

‘ You'll see also a waveform chart for a graphical representation of the
acquired data (‘Graph’ menu of the Controls palette, from the front panel
window) — the acquired sample can be directly fed to the waveform chart

YWavetorm Chart Plot 0 m
10-
5 _—
L
a
=
S 0-
=
oI
_5 =
-10-4 .
] 100
Tirne
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For Cycle (for averaging)

‘ Needed to reduce the disturbances by means of averaging and improve

the measurement accuracy

number of
cycl

iteration number
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‘ Instead of representing (in

the graph or in the numeric
indicator) each individual
acquired sample of the
signal, we can represent the
average value of every N
samples: the speed at which
the measurement result is
represented on the graph will
decrease by a factor of N
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Marco Grassi —

Common Panel Example

VREFMN
7 -10
N of Iterations lteration Temperature Stop ,-.VREFP
~41500 134 253755 - 10
Averaging Sub-5tep Real Instrument Kelvin to Celsius
10 C:--_.---’
et wait Average Abs Maximum Voltage Kelvis
j 100 25,3801 25,4667 257711 Y
IMDViﬂg Averaging Samples Abs Minimum Qutput Voltage Celsius
o 10 25,2844 5-: 0 )
Offset Correction
0
Gain Correction : .Be.ta
A 243780
Temperature J Plot 0 m | R1
31100
VICC
|~ = E
' l! ”I | F|'|f‘| RO
| qu |L' L \
il | n' “ g 100
Alfa
jl 0,0067
Time Time

ThermistorTruePt1000False

-

Select Sensor

Average Plat 0 m ]

Time
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R-T Characteristic for the Pt1000

Temperature coefficient (quite
P+1000 resistance at constant between 0 ° C and 100 ° C)

temperature T [° C] /

R(T) =Ry (1 +a-(T-Ty)) oR,

Pt1000 resistance at the Calculation can be simplified,
in Celsius Since T,=0°C

reference temperature T,=0" C

For Kelvin, just operate conversion adding 273.15

21
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T-VOUT Relationship (Pt1000)

® Measured voltage as a function of the thermistor resistance

Vo =—RI__.V1CC* = 1R VICC' =Ry =— ot .
R, +R; 1R V1CC' -V,
T

® Relationship between temperature and measured voltage

aR,(V1CC — V)

T[°C] =
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Temperature Calculation (Pt1000-Select False)

% Basic and advanced algebraic and mathematical blocks/functions can be used to
convert the op-amp output voltage into temperature (recommended)

= Offset and Gain Errors may need to be considered and compensated

=
Example of Voltage to Ol_ﬁffseffwemﬂ
Temperature conversion s

for a Pt1000 | [

Temperature [K]

Output Voltage

Averaging Sub-

123
13

23

Marco Grassi — Modulo di Misure Meccaniche e Termiche



	Sistemi Digitali di Acquisizione Dati (di Misura)��Esperienza con Termistore NTC e Termoresistenza Pt1000�(english version of slides) 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

