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Sensori Hall
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Sensori Hall - generalità

• costruiti a partire da film metallici o di semiconduttori drogati
• attraverso la detezione di campi magnetici, possono essere usati per 
numerose altre grandezze (velocità, pressione, posizione, corrente, 
temperatura,...)
• possono operare dalla DC fino ad alta frequenza (100 kHz)
• relativamente poco sensibili alla temperatura (-40÷100°C)
• letture ripetibili.
• sensibilità (senza amplificazione) 100-1000 mV/T, (con 
amplificazione) ~ 100 mV/mT ok per misurazioni del campo terrestre)

Enrico Silva - proprietà intellettuale non ceduta
Non è permessa, in particolare, la riproduzione anche parziale 

della presente opera.
Per l’autorizzazione a riprodurre in parte o in tutto la presente 

opera è richiesto il permesso scritto dell’autore (E. Silva)

Enrico Silva - diritti riservati - Non è permessa, fra l’altro, l’inclusione anche parziale in altre opere senza il consenso scritto dell’autore

Sensori Hall - geometria

Criticità: la geometria!

e anche:

J

VH1
VH2
VH3

disallineamenti critici, introducono un contributo di ρxx
(e ρxx ≫ ρyx)
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Sensori Hall - materiali

Semiconduttori p o n: InAs, InAsP, InSb, GaAs, Ge, Si.

Con il Si la circuiteria di condizionamento può essere integrata nel 
medesimo chip.

http://www.allegromicro.com/en/Design-Center/Technical-Documents/Hall-Effect-Sensor-IC-Publications/Allegro-Hall-Effect-Sensor-ICs.aspx
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Sensori Hall - dipendenza da T

→ se la corrente viene imposta utilizzando tensione (Vx) costante, e 
si ha self-heating, la mobilità diminuisce e quindi diminuisce I e 
quindi VH!
→ Mantenere I costante. 
Le sonde Hall lavorano (meglio) a corrente costante.

Tensione di Hall:

VH = Eyw = ⇢yxJxw = ⇢yxI/t

e in ρyx c’è la mobilità
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Sensori Hall

Sensori Hall: sensibili al campo, 
non alla variazione del campo 

(come i sensori induttivi)

Tensione di Hall:

VH = Eyw = ⇢yxJxw = ⇢yxI/t

e ρyx ∝ B
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Sensori Hall

Semiconduttori, perché la conducibilità è 
minore rispetto ai metalli) e quindi la tensione 

di Hall è maggiore
(oltre alla possibilità di controllare la 

conducibilità mediante drogaggio)

Tensione di Hall:

VH = Eyw = ⇢yxJxw = ⇢yxI/t

e in ρyx c’è la mobilità
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Sensori Hall - sensori di posizione

Richiede che almeno un magnete sia vincolato alla parte da 
misurare.

Lo spostamento (anche piccolo) del magnete produce una 
variazione di B sul sensore

 

 

 
 
 
 
Figure 2.  A Hall effect transducer measuring small distances. 

 
Figure 3.  Utilizing the Hall effect to measure blood flow. 
 
 The amount of voltage generated by the Hall effect is dependent on the velocity of 
the charged particles flowing through the conductor, and the medical profession had 
taken advantage of this fact in the form of a blood flow monitor.  Figure 3 above shows 
how this is done.  Tiny voltage probes are placed on either side of the blood vessel, while 
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Sensori Hall - sensori di flusso

Un liquido che contiene particelle cariche (situazione 
comune). Il liquido ha velocità v.

Allora I ∝ v

 

 

Usato (fra l’altro) per misuratori di flusso del sangue
(e ovviamente per misure di corrente elettrica! I→ B→ VH)
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Sensori Hall - sensori on-off (contatori)

Tachimetro:

 
Figure 5.  Utilizing the Hall effect in a tachometer. 
 
 Figure 5 above shows a Hall device being used as a tachometer.  A rotating gear 
causes a nearby magnetic field to become redirected toward one of its teeth as it rotates 
past the Hall detector.  The redirection, in turn, causes the field to sweep through the 
device, thereby generating a Hall voltage.  The rotational accuracy of this system is ½ 
revolution.  This very same system is easily adaptable to a flow monitoring system for 
fluids in which the gear is replaced by a rotating turbine and its blades.  The blades 
produce the magnetic field deflections, which periodically activate a Hall device, much as 
the gear teeth do in the tachometer.  

Un “dente” di materiale ferroso (o magnetico) vincolato (ad es.) 
all’albero produce una serie di impulsi elettrici nel sensore → conteggio
Accuratezza: 1⁄2 rivoluzione.
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Sensori Hall - sensori on-off (contatori)

Velocità 
angolare:

Alternanza di poli magnetici in una struttura rotante produce una serie di 
impulsi elettrici nel sensore → conteggio
Accuratezza: dipende da quante alternanze N-S riescono a essere risolte 
dal sensore.

 
Figure 6.   Different arrangements for movement sensing. 
 

Other applications are possible to sense other physical quantities.  Applications 
can be classified as switching and linear.   Figure 6 is an example for several methods of 
movement sensing.  In case a.) the movement results in variation in the distance between 
a permanent magnet and the detector.  If the hall element interrupts the electric circuit to 
act as a switch, then we have a proximity sensor. The arrangement in b.) is also a 
proximity detector.  The case in c.) is used to measure rotating speed.  Another possibility 
is to change the reluctance of the magnet so neither the magnet nor hall effect sensor have 
to move.  One common application is in keyboards.  

The Hall effect sensor can also multiply any two quantities.  For example,  power 
is measured by multiplying current and voltage.  It is also possible to measure an electric 
current intensity by placing the Hall element in the gap of a torroidal core.  Here current 
flow in the windings around it produces a proportional magnetic field. 
 
 
 
 
Figure 7.  An example of an electromechanical limit switch with a Hall effect device 
being used as a proximity detector. 
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Alcuni sensori di 
temperatura
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Generalità

Si sfrutta le sensibilità alla temperatura dei componenti elettronici. 
• Termometri (non propriamente sensori)
• Resistenze (metalli e semiconduttori)
• dispositivi a giunzione bimetallica (termocoppie)
• dispositivi a giunzione Semiconduttore-Semiconduttore (diodi)
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Thermistors (termistori)
thermally sensitive resistors

Sensori basati su semiconduttori:
– cristallini (Si)
– ossidi metallici.

Si sfrutta la forte dipendenza dalla temperatura della conducibilità.

Resistività:
– crescente con T: termistori PTC (positive temperature coefficient)
– decrescente con T: termistori NTC (negative temperature coefficient)
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Equilibrium Charge Carrier Statistics in Semiconductors   245

In the case of a p-type semiconductor, with an acceptor concentration
the following hole concentrations for the various regimes discussed

previously can be determined.
In the first regime, at high temperatures, the concentrations of holes p

and electrons n are much higher than the total concentration of acceptors
and thus follow their expressions for the intrinsic case, as in

Eq.(8.41):

In the second regime, Eq. ( 8.42 ) can be transformed for a p-type
semiconductor into:

In the third regime, as the temperature is further lowered, Eq. ( 8.43 )
can also be transformed for a p-type semiconductor into:
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Thermistors (termistori)
Sensori basati su semiconduttori:
– cristallini (Si)
– ossidi metallici.
Si sfrutta la forte dipendenza dalla temperatura della conducibilità:

� = neµe + peµh
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Figura da Ibach-Lüth, Solid State 
Physics, Springer
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Equilibrium Charge Carrier Statistics in Semiconductors   245

In the case of a p-type semiconductor, with an acceptor concentration
the following hole concentrations for the various regimes discussed

previously can be determined.
In the first regime, at high temperatures, the concentrations of holes p

and electrons n are much higher than the total concentration of acceptors
and thus follow their expressions for the intrinsic case, as in

Eq.(8.41):

In the second regime, Eq. ( 8.42 ) can be transformed for a p-type
semiconductor into:

In the third regime, as the temperature is further lowered, Eq. ( 8.43 )
can also be transformed for a p-type semiconductor into:

Thermistors (termistori)
� = neµe + peµh
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n: dipendenza da T esponenziale 
(non nella regione di saturazione)

Figura da Ibach-Lüth, Solid State 
Physics, Springer

μ: debole dipendenza da T 

⇒ drogaggio ottimizzato per ridurre la regione di saturazione
(al contrario dei dispositivi)

⇒ la dipendenza di μ diventa trascurabile
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Equilibrium Charge Carrier Statistics in Semiconductors   245

In the case of a p-type semiconductor, with an acceptor concentration
the following hole concentrations for the various regimes discussed

previously can be determined.
In the first regime, at high temperatures, the concentrations of holes p

and electrons n are much higher than the total concentration of acceptors
and thus follow their expressions for the intrinsic case, as in

Eq.(8.41):

In the second regime, Eq. ( 8.42 ) can be transformed for a p-type
semiconductor into:

In the third regime, as the temperature is further lowered, Eq. ( 8.43 )
can also be transformed for a p-type semiconductor into:

Thermistors (termistori)
� = neµe + peµh
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n: dipendenza da T esponenziale 
(non nella regione di saturazione)

drogaggio ottimizzato per ridurre 
la regione di saturazione

Figura da Ibach-Lüth, Solid State 
Physics, Springer
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Thermistors (termistori)

⇒ Termistori al Si o Ge: ND ~ 1016÷17 cm-3.

Range di temperatura di utilizzo: dipende dalla energia caratteristica del 
materiale (più grande è EA maggiore è R a fissata T; la temperatura 
massima di utilizzo aumenta con EA). 
Fortemente nonlineari con T.
Ge: piccola EA → criogenia (1- 100 K);
Si: EA maggiore → fino a 250 °C.
Ossidi metallici: fino a 500°C. 
Ossidi metallici: tipicamente in forma di film (sottile o spesso) depositato su un substrato. 
Alcuni materiali: Mn2O, NiO, Co2O3, Cu2O, Fe2O3 e TiO2. 

�(T ) ⇠ n(T )

⇒ R ⇠ eEA/kBT
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Thermistors (termistori)

⇒ Termistori al Si o Ge: ND ~ 1016÷17 cm-3.

Calibrazione:
– una misura a una temperatura di riferimento T0
– determinazione della costante B.
Valori tipici: B = 2000÷5000 K

La legge è approssimata. I produttori forniscono 
(spesso) tabelle di calibrazione.

�(T ) ⇠ n(T )

⇒ R ⇠ eEA/kBT

⇒ R(T ) = R(T0)e
B
⇣

1
T � 1

T0

⌘
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Thermistors (termistori)

La legge è approssimata. I produttori forniscono 
(spesso) tabelle di calibrazione.

R(T ) = R(T0)e
B
⇣

1
T � 1

T0

⌘

Legge empirica di Steinhart-Hart:

1

T
= a+ b lnR+ c(lnR)3

T in kelvin
R in ohm
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Thermistors (termistori)

• Sensibilità e risoluzione alte: grande variazione di resistenza per grado. 
• Ripetibilità
• Piccoli: risposta veloce
• Economici

Grande variazione di R: difficoltà di misura sull’intero range
Sensibili alla calibrazione: difficile sostituzione uno a uno
Resistenza elevata (da centinaia a decine di migliaia di Ω):
– self heating! Se si scalda → R diminuisce
– difficoltà di misura sull’intero range

R(T ) = R(T0)e
B
⇣

1
T � 1

T0

⌘
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Thermistors (termistori)

Siemens Matsushita Components 19

The B values for common NTC materials range from 2000 through 5000 K. Figure 1 illustrates the
dependence of the R/T characteristic on the B value.

3.1.3 Tolerance
The rated resistance RN and the B value are subject to manufacturing tolerances. Due to this tole-
rance of the B value, an increase in resistance spread must be expected for temperatures that lie
above or below the rated temperature TN.
With regard to the tolerance of resistance a distinction is made between two basic types of NTC
thermistor:
a) Point-matching NTC thermistors

With point-matching NTC thermistors a particular resistance tolerance is specified for one tem-
perature point, which is usually 25 °C. In principle, NTC thermistors can also be point-matched
to other temperatures than those specified in the data sheets (upon customer request). Point-
matching NTC thermistors are ideal for applications where exact measurements are to be per-
formed within a tight range around the rated values. Example: refrigerator sensor at 0 °C (M2020).

b) Uni curve NTC thermistors
Uni curve NTC thermistors are used when a high measuring accuracy is required over a wide
temperature range (T1 … T2). For this kind of application we offer several standard types for which
measuring accuracies between 0,2 and 0,5 K (depending on requirements) can be guaranteed
over a temperature range of 0 through 70 °C. Thus only one NTC thermistor is required to mea-
sure different temperatures with the same accuracy. Uni curve thermistors are available as mini-
sensors (S863, S869).

Figure 1
Resistance/temperature characteristics
(Parameter: B value)

General Technical Information

R(T ) = R(T0)e
B
⇣

1
T � 1

T0

⌘

dipendenza di R 
da B
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Thermistors (termistori)
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Thermistors: What they are and how they work 

Thermally Conductive
Epoxy Coating

Tin Plated
Copper Alloy
Lead Wires

Figure 1: A typical thermistor; all thermistors are 2 lead 
devices.

“�During the manufacture 
of thermistors, coarse 
resistance control is ac-
complished through the 
use of different metal 
oxides to form the semi-
conductor junction. It 
is common for several 
different material com-
binations to be used 
to arrive at the same 
nominal reference tem-
perature.”

By Tom Bishop, P.E.
EASA Senior Technical Support Specialist

What are thermistors?
Thermistors, derived from the 

term thermally sensitive resistors, 
are a very accurate and cost effective 
method for measuring temperature. 
Thermistors are usually two-terminal 
semiconductor devices made from 
semi-conductor materials that have an 
electrical resistance that varies non-lin-
early with temperature (see Figure 1). 
Some materials provide better stability 
while others have higher resistance 
ranges and are fabricated into smaller 
thermistors.  Each specific thermistor 
has its own unique resistance versus 
temperature characteristic. 

 During the manufac-
ture of thermistors, coarse 
resistance control is accom-
plished through the use of 
different metal oxides to 
form the semiconductor 
junction. It is common for 
several different material 
combinations to be used to 
arrive at the same nominal 
reference temperature (e.g., 
25° C, typically designat-
ed as R25) resistance, and 
each combination results 
in a slightly different resis-
tance versus temperature 
(R-T) characteristic. This 
variability of R-T character-
istics is a primary factor that 
complicates thermistor iden-
tification and replacement. 

Further, thermistors are 
manufactured in two types: 
NTC (negative temperature 
coefficient) and PTC (posi-
tive temperature coefficient). 
The NTC type thermistor is most com-
monly used to measure temperature. 
The NTC type has a resistance that 
decreases with increasing temperature; 
the PTC type has a resistance that in-
creases with increasing temperature.

In contrast to the other type of de-
tectors that utilize resistance change 
with temperature change, thermistors 
have a highly non-linear change in 
resistance, whereas resistance tempera-
ture detectors (RTDs) are nearly linear 
in resistance change versus tempera-
ture. Some reasons that thermistors 
are popular for measuring temperature 
are:
• Relatively high resistance change 

per degree of temperature provides 
high resolution

• High level of repeatability
• Small size results in fast response 

to temperature changes
• More economical

The type of thermistor that is 
selected for an application depends 
primarily on the required operating 
temperature range. Thermistor R-T 
curves, like those in Figures 2 and 3, 

are usually available from the therm-
istor manufacturer. Examination of 
the curves in these figures reinforces 
the statement made earlier: This 
variability of R-T characteristics is a 
primary factor that complicates therm-
istor identification and replacement.

Note: Because of their unique 
curves, thermistors must be matched 
with the controller in order to function 
properly.

 Principle of operation
Thermistor resistance is determined 

by the manufacturer by applying a 
constant current through the thermis-
tor and then measuring the voltage 
drop that occurs across the thermistor. 
By applying Ohm’s Law, R = V/I (re-
sistance is equal to voltage divided by 
current), the resistance is determined. 
Then the Steinhart-Hart equation (see 
below) is used to calculate the tem-
perature. 

Although this approach is very 
flexible, limitations arise at both low 
and high temperatures. For example, 

Dispositivo a due contatti 
(grazie alla resistenza alta)
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with an NTC type, as the thermistor 
temperature decreases, its resistance 
increases and likewise, so does the 
voltage across it. The practical lower 
temperature limit is reached when the 
voltage exceeds the maximum input 
voltage of the analog to digital (A/D) 
converter. As the NTC thermistor 
temperature increases, its resistance 
decreases, and so does its sensitivity to 
temperature change. Since the system 
A/D converter has a fixed resolution, 
this means that temperature mea-
surement resolution decreases with 
increasing temperature. 

Steinhart-Hart equation
The Steinhart-Hart equation for 

thermistors is named for the two 
oceanographers with the Woods Hole 
Oceanographic Institute on Cape Cod, 
Massachusetts, who developed the 
equation and published it in a paper 
in 1968. The resistance versus tempera-
ture (R-T) characteristic, also known as 
an R/T curve, of the thermistor forms 
the "scale" that allows its use as a tem-
perature sensor. This characteristic 
is a nonlinear, negative exponential 
function, and the most well-known 
expression of it is the Steinhart-Hart 
equation: 

1/T = A + B(lnR) + C(lnR)3 
where: T = temperature (kelvin) 
R = resistance at temperature T

Note: The natural log “ln” is a 
mathematical function and is the loga-
rithm to the base “e”; where “e” is a 
constant that is approximately equal 
to 2.718281828.”

Coefficients A, B, and C are derived 
by calibrating at three temperature 
points and then solving the three 
simultaneous equations. The uncer-
tainty associated with the use of the 
Steinhart-Hart equation is less than 
±0.005° C for 50° C temperature spans 
within the 0° C-260° C range, so using 
the appropriate interpolation equa-
tion or lookup table in conjunction 
with a microprocessor can eliminate 
the potential nonlinearity problem. 

Thermistors: What they are and how they work 

Figure 2. Example of resistance (vertical axis) versus temperature (horizontal axis) for nine 
different NTC thermistors.

Figure 3. Example of resistance (vertical axis) versus temperature (horizontal axis) for 
nine different PTC thermistors.

Ottimizzabili in diversi 
intervalli di temperatura
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Thermistors (termistori)

D-9

Thermistor Elements

44000 Series

Dimension: mm (inch) Dimension: mm (inch)

2.4 (0.095)
diameter 
bead.

PFA tube.
#32 tinned-copper 
wire 76.2 (3) L.

2.8 (0.11)
diameter 
bead.

PFA 
tubing.

50.0 (2) m
inim

um

76.2 (3
)

Thermistor bead 
shown actual size.

Thermistor bead 
with PFA sleeving 
shown actual size.

#32 tinned 
copper wire.

!  Epoxy Coated Thermistor Beads
!  Precision Matched to 5 Standardized 

Resistance Curves
!  Maximum Working Temperature 

75°C (165°F) or 150°C (300°F) 
(See Table Below)

!  Available in Interchangeabilities  
of ±0.1 or ±0.2°C (See Table Below)

 Model  Model 
 Number Number R25°C A B C
 44004 44033 2252 1.468 x 10-3 2.383 x 10-4 1.007 x 10-7

 44005 44030 3000 1.403 x 10-3 2.373 x 10-4 9.827 x 10-8

 44007 44034 5000 1.285 x 10-3 2.362 x 10-4 9.285 x 10-8

 44006 44031 10000 1.032 x 10-3 2.387 x 10-4 1.580 x 10-7

 44008 44032 30000 9.376 x 10-4 2.208 x 10-4 1.276 x 10-7

Table 1: Steinhart-Hart Constants

Resistance Vs. Temperature Characteristics
The Steinhart-Hart Equation has become the generally 
accepted method for specifying the resistance vs. 
temperature characteristics for thermistors. The 
Steinhart-Hart equation for temperature as a function 
of resistance is as follows:
1⁄T = A + B [Ln(R)] + C [Ln(R)]3

where: A, B and C are constants derived from  
3 temperature test points.
 R = Thermistor’s resistance in Ω 
 T = Temperature in degrees K

To determine the thermistor resistance at a specific 
temperature point, the following equation is used:

R = e (beta-(alpha/2))1/3 – ((beta+(alpha/2))1/3

where: 
 alpha = ((A-(1/T))/C)
 beta = SQRT(((B/(3C))3)+(alpha2/4))
 T = Temperature in Kelvin (°C + 273.15)

The A, B and C constants for each of our thermistor 
selections can be found in Table 1. Using these 
constants with the above equations, you can 
determine the temperature of the thermistor based on 
its resistance, or determine a thermistor’s resistance at 
a particular temperature.

Typical Thermometric Drift (±0.2°C Elements)
 Operating 
 Temp 10 Months 100 Months
 0°C <0.01°C <0.01°C
 25°C <0.01°C 0.02°C
 100°C 0.20°C 0.32°C
 150°C 1.5°C Not recommended

76.2 (3)

Shown larger 
than actual size.

1. THERMISTOR 
 High sensitivity* 
  Inexpensive 
 Reasonably accurate 
 Lead resistance ignored 
 Glass bead, disk or chip thermistor 
 Typically Negative Temperature Coefficient (NTC), 

PTC also possible 
 R-T mode (zero-power mode): nonlinear relationship 

between R and T 

 

Cat.No.R44E-9

M urata
M anufacturing Co., Ltd.

NTC Thermistors

Please read rating and !CAUTION (for storage, operating, rating, soldering, mounting and handling) in this PDF catalog to prevent smoking and/or burning, etc. 
This catalog has only typical specifications. Therefore, you are requested to approve our product specifications or to transact the approval sheet for product specifications before ordering.
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Resistenze metalliche2. RESISTANCE TEMPERATURE DEVICE (RTD) 

 Very Accurate and stable 
 Reasonably wide temperature range 
 More expensive (platinum) 
 Positive Temperature Constant, and rather constant 
 Requires current excitation 
 Smaller Resistance range 

  Self-heating is a concern 
  Lead resistance is a concern 

Read AN 687 for more details (e.g. current excitation circuit):  
http://ww1.microchip.com/downloads/en/AppNotes/00687c.pdf 
http://www.control.com/thread/1236021381  on 3-wire RTD 

More complicated signal  
conditioning circuit 

• Accurate e stabili 
• Intervallo di temperatura ampio 
• Piuttosto costose (platino) 
• Coefficiente di temperatura positivo 
• Richiede una sorgente di corrente 
• Self-heating
• Resistenza dei collegamenti rilevante: richiede misura a 
quattro contatti

RTD, Resistance Temperature Devices
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Resistenze metalliche
•lineari in T fino a ~100 K (dipende dal metallo):

• usi criogenici: 

– Maggior complessità
 della caratteristica.

– elevata purezza del
 metallo
 (competizione con lo
 scattering da difetti)
 → costo elevato
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Termoresistenze 

La resistenza di un metallo è in generale una funzione complessa della temperatura.  Però per i metalli 

utilizzati nella realizzazione di termoresistenze, cioè Platino, Nikel o Tungsteno la funzione che lega la 

resistenza alla temperatura può essere descitta con buona approssimazione con uno sviluppo in serie 

di potenze.  

 

 

 

Resistenze metalliche

~ lineari (Pt) fino ad alte T.

uso:
Pt: 50-900 K

T molto alte (> 600°C): W

R(T ) ' R0(1 + ↵T +BT 2 + C(T � 100)T 3)

dall’azoto liquido (77.35 K) fino ad alte T:
equazione empirica di Callender-Van Dusen (T è in °C)

R(T ) ' R0(1 + ↵T )

Pt-100: filo di Pt con R0 = 100 Ω
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Resistenze metalliche

~ lineari (Pt) fino ad alte T.

uso:
Pt: 50-900 K

R(T ) ' R0(1 + ↵T )

Pt-100: filo di Pt con R0 = 100 Ω

Eugenio Martinelli,  Sensori e Rivelatori I: Sensori di Temperatura 15 

Resistance Temperature Detectors (RTD): film sottile 

  Per aumentare la stabilità e la riproducibilità si utilizzano 

resistenze realizzate con la tecnica del film sottile 
(generalmente per evaporazione o sputtering). Il platino ad 

esempio può essere utlilizzato per questo scopo.  

  Con la tecnica del film sottile però il valore di resistenza 

può fluttuare parecchio rispetto alla specifica di progetto. 

Per ovviare a ciò si possono usare vari accorgimenti. Una 

configurazione tipica è la seguente: 
  Questa configurazione è formata da due parti. La prima a sinistra è il 

sensore vero e proprio, la parte a destra è una sorta di trimmer per 

regolare la resistenza. La regolazione avviene tramite un laser, che 

focalizzato nei punti indicati dai cerchietti, consente di ablare il film 

metallico, regolando la resistenza totale. 
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Resistenze metalliche
Anche a film metallico 

(migliora la riproducibilità)

Eugenio Martinelli,  Sensori e Rivelatori I: Sensori di Temperatura 15 

Resistance Temperature Detectors (RTD): film sottile 

  Per aumentare la stabilità e la riproducibilità si utilizzano 

resistenze realizzate con la tecnica del film sottile 
(generalmente per evaporazione o sputtering). Il platino ad 

esempio può essere utlilizzato per questo scopo.  

  Con la tecnica del film sottile però il valore di resistenza 

può fluttuare parecchio rispetto alla specifica di progetto. 

Per ovviare a ciò si possono usare vari accorgimenti. Una 

configurazione tipica è la seguente: 
  Questa configurazione è formata da due parti. La prima a sinistra è il 

sensore vero e proprio, la parte a destra è una sorta di trimmer per 

regolare la resistenza. La regolazione avviene tramite un laser, che 

focalizzato nei punti indicati dai cerchietti, consente di ablare il film 

metallico, regolando la resistenza totale. 

I punti rossi indicano possibili punti di interruzione (mediante laser) 
con cui si regola la resistenza complessiva del film
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Resistenze metalliche
a filo

4 contatti

materiali ad alta conducibilità termica 
(zaffiro)
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Resistenze metalliche
a film

4 contatti
necessari

Eugenio Martinelli,  Sensori e Rivelatori I: Sensori di Temperatura 16 

RTD 

materiali ad alta conducibilità termica 
(zaffiro)
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Resistenze metalliche

4 contatti
necessari

Termoresistenze 

Misure più accurate possono essere ottenute alimentando il sensore con un generatore di corrente di 

precisione e misurando la tensione ai capi del sensore.  Anche in questo caso però è necessario 

ricorrere ad una configurazione a quattro collegamenti per eliminare gli effetti delle resistenze g q g p g

parassite dei cavi di collegamento che altrimenti si sommerebbero a quella del sensore.   

 

 
 

In questa configurazione vi sono due circuiti distinti.  Un primo circuito serve ad imprimere una 

corrente di riferimento al sensore, mentre un secondo circuito serve ad acquisire il segnale.  Sul 

circuito di acquisizione non scorre corrente, e quindi le resistenze parassite non producono cadute di 

tensione spurie. 

 

 

Attenzione: self-heating, P=RI2
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Termistori vs. resistenza al Pt
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Figure 1. Resistance-Temperature Curve of a Thermistor

The thermistor has been used primarily for high-resolution measurements over limited temperature ranges. The
classic example of this type of application is medical thermometry. However, continuing improvements in
thermistor stability, accuracy, and interchangeability have prompted increased usage of thermistors in all types
of industries.

Resistance/Temperature Characteristic of Thermistors
The resistance-temperature behavior of thermistors is highly dependent upon the manufacturing process.
Therefore, thermistor manufacturers have not standardized thermistor curves to the extent that thermocouple or
RTD curves have been standardized. Typically, thermistor manufacturers supply the resistance-versus-
temperature curves or tables for their particular devices. The thermistor curve, however, can be approximated
relatively accurately with the Steinhart-Hart equation :

T K
R R0 T T

( )
ln ln

° =
+ ( )+ ( )[ ]

1

1 2
3a a a

Where T(°K) is the temperature in degrees Kelvin, equal to T(°C) + 273.15, and RT is the resistance of the
thermistor. The coefficients a0, a1, and a2 can be provided by the thermistor manufacturer, or calculated from
the resistance-versus-temperature curve.

Thermistor Measurement Circuits
Because the thermistor is a resistive device, you must pass a current through the thermistor to produce a
voltage that can be sensed by a data acquisition system. The high resistance and high sensitivity of the
thermistor simplify the necessary measurement circuitry and signal conditioning. Special 3-wire, 4-wire, or
Wheatstone bridge connections are not necessary. The most common technique is to use a constant current


