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1. INTRODUCTION
NTC thermistors and thin film PTC RTDs have

temperature-dependent characteristics that are in essence
not linear, even if the level of linearity is higher for RTDs than
for NTC thermistors. The simple SPICE resistor model
cannot be applied to those devices; even the PSpice resistor
model with the possibility of defining two intrinsic
temperature coefficients is not sufficient.

With SPICE modeling of electronic circuits becoming
preponderant in the industry, it is necessary to have
accurate models of temperature sensors in order to allow
such simulation.

PSpice models for NTC thermistors have been widely
available from several suppliers, and for some time now
these models have been available as downloads from
Vishay’s website. Even if these PSpice models simulate the
components with great accuracy, however, there is still one
important limitation: the lack of compatibility between a
temperature sweep on a continuous range and a statistical
Monte Carlo analysis. This is very important, for example, at
the final testing level in automotive applications.

In LTSpice modeling, it is possible to simulate the Monte
Carlo statistical response of a potential thermistor divider as
a function of the embedded TEMP variable (see Fig. 1).

2. THE LTSPICE MODELS

LTSpice modeling is based principally on the netlists
derived from PSpice modeling, with some important
practical changes:

e The initial condition .IC of the capacitor simulating the
thermal mass of the thermistors is now adapted
specifically to LTSpice syntax

e The LT Monte Carlo of random probability distribution
(LTSpice MC) has been introduced explicitly in the models

* For experienced users, it will be possible to modify the
flexible netlists in order to adopt other statistical
distribution than random (Gauss or else)

e For each type of component included in a circuit, the
particular P/N can be changed by right clicking on it and
modifying “Value” in the component attribute editor

Note
e The models can be downloaded at www.vishay.com/doc?29171

Fig. 1
The new models for Vishay thermistors and RTDs adapted to the free LTSpice IV simulator are thus useful complements to
present modeling. This is the subject of this application note.
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Symbol for an NTC Thermistor
“TR” (tolerance on Rys in %) and “TB” (tolerance on Bos/gs in %)
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Symbol for a TFPT RTD
“TOL25” (tolerance on Ras in %) and “TOLslope” (normally 1)
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Symbol for a PTS
Identical to TFPT, with two parameters: “tol0” (tolerance in °C at 0 °C) and “TolS” (tolerance on the slope in °C / °C)
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3. RESISTANCE TEMPERATURE OF AN NTC THERMISTOR (MONTE CARLO ANALYSIS)
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.dc TEMP -50 150 1

;dc dec V1 1u 100 100
.param run=1

.step param run 1 300 1

Fig. 2

The simulation pane in Fig. 3 represents the electrical resistance vs temperature for two 10 kQ models - an SMD NTCS0805
(red) and a leaded NTCLE203 (blue) - with two different B values (Fig. 2). The tolerances on Ro5 and Bos/gs are “TR” and “TB,”
respectively. 300 runs have been performed. Note the different percent tolerances on “TR” and “TB” (wide for the red NTCS0805
curve, and small for the blue NTCLE203).
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4. VOLTAGE-CURRENT RELATION FOR AN NTC

We can also compute the voltage-current relation at different ambient temperatures with the following SPICE directive (Fig. 4).
Three components of the NTCS0805 type are tested with Ros = 10 kQ, but different B values (low B in red, medium B in green,
and high B in blue).

.dec dec 13 1u 0.01 100 | B2
;.dc dec 12 1u 0.02 100

.step param run 110 1 v
.step TEMP list-40 -20 025 85 T I1=1(13) ui

.t°
0805_103_MT == I ]
NTCS0B05E3103_MT g
TR=1 TB=3
L B1 I
¥/ ( &)
T =13
(13) ‘{f \ I=1(13) U3
40
L___ £ a1
0805_103_HT - = = :
- ; L 0805_103_LT |
. .. NTCSDB0SE3103_LT
TR=1 TB=3

Fig. 4
The simulation result is reprinted in Fig. 4 (low B in blue, medium B in red, and high B in green).

V(0805_103_ht)

TEMP=-40°C VOLTAGE/CURRENT for NTC

TEMP=-20°C

TmA 2mA 3mA 4mA 5mA 6mA 7TmA 8mA 9mA
Fig. 5
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5. ACCURACY SIMULATION OF RTDs (MONTE CARLO)

5.1. TFPT Thin Film PTC Resistors

Fig. 6 uses the same type of simulation as previously used, and provides the R-T characteristics of a 1 kQ TFPT1206L1002 with
two parameters: TOL Ro5 = 1 % and TOLSLOPE, which can be tuned between 0 (no tolerance on slope / ratio) and 1 (100 % of
the tolerance on slope / ratio of ratio tolerances table is covered). In this simulation, TOLSLOPE is set at 1).

TFPT

1

L.V

0.1

+t°
TFPT1206L1002
TOL25=1 TOLslope:

.dc TEMP -50 150 1
;dc dec V1 1u 100 100
.step param run 1 100 1

V(tfpt)/I(V1)

TFPT Resistance (K(s)

TEMPERATURE(°C)

-26°C 100°C  125°C  150°C

Fig. 6
Extracting these results in Excel and measuring the shift with respect to the nominal curve, we get the graph shown in Fig. 6
(only 100 curves are presented). We have also reprinted the maximum and minimum curves derived from the specification table

below (ratio tolerances). We see that the simulation results cover the range between the minimum and maximum specifications. >
At 25 °C all the computed values are more or less equally distributed within the 1 % range, and at lower or higher percentages U

we see the limited effect of the combination of two random distributions.
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Temperature (°C)

Fig. 7 - Monte Carlo Analysis for TFPT AR/R vs. Temperature

5.2. PTS Platinum Thin Film Resistors

RATIO TOLERANCE EXAMPLES
RATIONOCERANCES At 40 °C, ratio = 1.063 + 0.5 % (0.005)
, ratio = 1. + U. () .
LOW TEMP. HIGH TEMP. TOL. S0, ratio = 1.058 to 1.068
65°C +150°C 4% At 125 °C, ratio = 1.460 + 3 % (0.044)
S S , 10=1. + o (U.
~40°C +125°C £3% so, ratio = 1.416 to 1.504
-20 °C +85 °C +2 %
0°C +55°C +1%
+12 °C +40 °C +0.5%

Connecting a 1 kQ PTS1206 to a voltage source of +0.1 V (Fig. 8), we compute 100 runs and represent the resistance as a
function of the temperature, letting the electrical parameters randomly cover their tolerances. These tolerances are defined with
the parameters “TOLO” (the temperature tolerance at 0 °C, here 0.6 °C) and “TOLS” (the tolerance on the slope, here

0.01 °C/ °C).
PTS = s
So
4
Vi o
- S
| g g
0.1 nl
=g
el
=
.dc TEMP -55 1751
;dc dec V1 1u 100 100
.step param run 1 100 1
.meas R25 find V(pts)/I(V1) at 25
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171K
J PTS Resistance (KQ)

TEMPERATURE("C)

0.72KO ;
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55°C  35°C - 45°C  6E°C_ 85°C_ 105°C_ 125°C_ 145°C__ 165°C

Fig. 8

Extracting the results in Excel and computing the delta T corresponding to the R-T curves, we obtain the graphs in Fig. 9.
With the Monte Carlo analysis, we well cover the whole specification of this PTS F0.6 with a maximum / minimum
AT = (0.6 + 0.01 abs (T)).

Maximum L —
2 specification

Minimum
specification

-60 -40 -20 0 20 40 60 80 100 120 140 160 180
Temperature (°C)

Fig. 9 - Temperature Accuracy of PTS F0.6
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6. POSSIBLE MODIFICATION OF PROBABILITY DISTRIBUTIONS

The available Monte Carlo function MC(x, tolx) sweeps the x variable into the range x(1 - tolx) until x(1 + tolx) in a random way.
It is possible to replace this function by a user-defined function of another type.

For example MCG(x, tolx) = if (run = 1, x, x * (1 + gauss (tolx/4))).

The first run will simulate the nominal case; the remaining runs will simulate a Gaussian normal distribution around the nominal
with a standard deviation of a fourth of the tolerance.

We have applied this modification to the TFPT (cf point 5.1). In the netlist of the TFPT model, the function MC(x, tolx) must be
replaced by MCG(x,tolx). The MCG function must be defined as a SPICE directive as shown below.

We now measure the electrical resistance distribution at 155 °C with the LTSpice directive .MEAS. The comparison of the
distributions (random and Gaussian) can be seen in Fig. 10.
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TFPT1206L10

TOL25=1 TOLslo,

.de TEMP -55 1551

;dc dec V1 1u 100 100

.step param run 1300 1

func meg(x,y) iffrun==1,x,x*(1+gauss(y/4)))
.meas R155 find V(TFPT)/I(V1) at=155

Comparison of Histogram MC (Orange) and MCG (Blue)
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Fig. 10

A second trial can be done (this time on NTCs) building a probability distribution R»s, assuming that an initial random distribution
between -5 % and +5 % has been truncated between -1 % and +1 %, leaving two distributions: random between -5 % and
-1 %, thus -3 % + 2 %, and another between +1 % and +5 %, thus +3 % + 2 %). For the tolerance on B, we hold a MCG function
of the Gaussian type.

The SPICE directive presented in Fig. 11 introduces

e A new MCS(x, y, z) function. For the first run, the value is nominal. If the simulation run is even, the density will be centered
on -3 %, and for an uneven simulation run, centered on +3 %

¢ MCG: Monte Carlo Gaussian
e A measurement Ro5 and Rgs
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NTC
=
-l
nl .dc TEMP -56 166 1
Te ;dc dec V1 1u 100 100
" Mo .param run=1
R1 ~uw 5 -step param run 13001
1T ‘i? g func mes(x,y,z) if(run==1,x, if(2*int(run/2)==run,me(x*(1-y),z), me(x*(1+y),z)))
0.001p E =3 func meg(x,y) if(run==1,x,x*(1 +gauss(y/4)))
3 .meas R85 find -V(NTC)/I(11) at=85
l; .meas R25 find -V(NTC)/I(11) at=25

&

Fig. 11
In the netlist of the NTC series, the following modifications (and these ones only) must be performed on two lines concerning
the two fixed resistors simulating the tolerances on R2s5 and Bos/gs
R2 tR 0 {mc(1,tolR/100)} must be replaced by R2 tR 0 {mcs(1,t0lR/100,2/100)}
R3 tB 0 {mc(1,tolB/100)} must be replaced by R3 tB 0 {mcg(1,tolB/100)}

After simulation, the measured R»5 and Rgs can be extracted for the LTSpice error log file, imported into any calculator (like
Excel). The distribution profiles of Ro5 and Rgs are represented on the two following graphs (Fig. 12 and Fig. 13).
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Fig. 12 - Monte Carlo analysis on Ro5 NTCS0603E3103_LT with special probability function (300 runs)
At 25 °C, we see the two portions of the truncated distribution plus one run with the nominal value.
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Fig. 13 - Monte Carlo analysis on Rgs NTCS0603E3103_LT with special probability function (300 runs)

At 85 °C, we see that these two separate portions begin to overlap each other. This overlapping is induced by the normal
dispersion of the Bos/g5 distribution.
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7. SIMPLE VOLTAGE DIVIDER WITH AN NTC THERMISTOR

With new modeling, it is now possible to perform a statistical analysis of the voltage response of a thermistor in a circuit where
all the elements have a tolerance: the voltage source, the fixed resistors, and of course the thermistor (here the standard models
with random MC function have been used). The thermal voltage provided by the thermistor is reprinted in Fig. 14 (1000 runs).

R1
/\\. / ’A\\ / »
{mc(4k7,0.01)} )
=z
28
L B1 M R2 >
=N =TT <
L) +i %5 {mc(4k7,0.01)}
T V={me(5,0.01)} ,ﬂ_!;s; |
3]
=

.dc TEMP -50 150 1

;dc dec V1 1u 100 100

.param run=1

.step param run 1 1000 1

.meas TEMP when V(NTC)=0.675

V(ntc)

Fig. 14

The statistical measurement of the temperature at which the voltage reaches 0.675 V (recorded on LTSpice error log file for the
1000 runs) is plotted in Fig. 15, with values going from 97.3 °C to 105 °C.
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Fig. 15

8. CONCLUSIONS

e The new LTSpice models for NTC thermistors reproduce the same accurate modeling as the previous PSpice models. The
specifications are once again reproduced.

® Thanks to the flexibility of the LT IV simulator, Monte Carlo analyses can be done in TEMP range sweep.
¢ Doing this allows for the reproduction of the sensor tolerances in a very accurate way.

e The statistical distributions can be changed at will in order to simulate different figure cases (random cases, Gaussian cases,
and multimodal distribution with two peaks). A two peak case is very useful, for example, when testing a device with 5 %
tolerance, where the 1 % has been previously sorted out.
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