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Topics to be covered

dLinearization Techniguesfor-RTDs

dLinearizatiof Techatques for Thermistors
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Resistance Temperature Detectors (RTDs)

v'Resistance Temperature DetectorsRTDS) are temperature
transducers which produce an qutput resistance (R) in
response to an input temperature (t).

R = Ro(l+a1t+a2t2 +---+ant”)

v"Most commonly used materials for construction of RTDs:
Platinum, Nickéland~Copper.

v'Usually 2 or 3 of the a'constants are good enough for highly
accurate representation.
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Linearization of RTDs

Scheme 1
Lixearization
employing a
constant current
source
1 ref <T> R lin Rt |¢"
RTD _— -
y = R’
t ref lin Rt —|—Rlin
\ 4

v'Asuitable fixédreststor R, is connected in parallel with the RTD
and the arrangement is fed from a constant current source.
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Linearization of RTDs (contd...)

Scheme 2
4/\/1‘\/\/7 Linearization
li .
) employing a
voltage source
vrefi > Rt Ve
RTD ~_
Rt
vt — vref )
Rt + Rlin

v'Asuitable fixedresistor R, is connected in series with the RTD
and the arrangement is fed from a constant voltage source.
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Analysis of the Circuit employing Constant
Current Source

Iref (T) Rlin Rt v
RTD

RR

/1f R, =(R || R;)= = + R vary linearly with t, v, will also
vary linearly with ¢ : fin

v"The design is based on'the resistance values of the sensor at three
temperatures; RtL (lower), RtU (upper), and RtM (mid-point).
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Analysis of the Circuit employing Constant
Current Source (contd...)

A

'<—Measurmg range —»-

knearization condition

ﬂ R.(0,)- R,
® :Req(tU)_R (tM)
S

| —

"t TemperaturzM — & RtM (RtL I RtU )— 2R . R .

Lineatization of RTD R,

- : R +R —-2R
employing-a parallel resistor f ty 2

Amitava Chatterjee 7
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Linear'izc}‘l'ion of IPT- 100 Sensor

I ref <T> R lin Rt Vs

10 mA 225k P{=-100

v'For a Pt-100 sensof; operateehin the temperature range between
0°C and 400°C, a lingarizing resistor R,. =-2.5 KQ Is required.

v" A current source of negative internal resistance must be used in
this case.
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Linearization of Pt-100 Sensor (contd..)

R+R, R,
10.25 kQ 9.09 kQ
Av.
— + Rl I“n ro . =N
S AN Al
25\ | 250 Q
R ) . R1R3 (RZ + R3)
t ’ _ 2 2
Rs o Rz
R3 R2 v
| -
—— 9.09 kQ 10 kQ ve— = — _ Rlin

Implementation of currentsource
having a negativeé outputresistance

v If we make Ry =25002 R, =10 KQ and R, = -2.5 KQ, we obtain
R, =9.09 KQ.
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Thermistors

v Thermistors are semiconductor type temperattire

transducers with a negative temperatuye co=efficient of
resistance.
R,: resistance-at the reference temperature

T,

I 1

RT = RO - exp ﬂ — B . anexperimentally determined constant,
T TO vartes between 3500K and 4600K

T aqd\7,. measured in Kelvin.

v Thermistors havedarge température co-efficients (-3 to -5%
per °C.

v'More accurate temperature-resistance relation:

P11 R 1(. R
=>4+ —In—L + In——

T-T B R C\ R

0
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Linearization of Thermistors

Linearizing

T Network S(T)
Input | comprising the foutput
signal | Thermistor(, | Signal

Schematic representation of linearizing
netwarks for thethermistors
h2 h3
S(T)=S(T)ch-S(T)+— - S"(T )+ S"(T )+
v' h =T ~ T.is thg-increment or decrement in temperature
about 7. s/ (T, St (T ),... are derivatives of S(7) with respect

toT7,at F=1T.
. Amitava Chatterjee 11
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Linearization of Thermistors (contd...)

Considerations

v The major contribution to non-linearity comgs fromyrthe h?
term containing S”(7,). This term carb& made zero by proper
choice of circuit components.

v Under this condition, the S(T) \rs. Fcharacteristic can be
assumed to be linear over a\widespan-of temperature, as long
as the A3 term remains negligibly small.

v The condition S" (T 20 impliesthat the S(7) vs. T curve
should have a powat-ofdnflection at 7=T7..

v" In practice, by proper selection of components, the point of
Inflection is located atthe midpoint T, of the range of
temperaturgover which linearization is to be carried out.
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Linearization of Thermistors by a Shunt

constant
current
source

S

Resistor
>
1 A
shunting by
linearizing
resistor
¥ RT Vo(n
thermistor
\ 4

A simple-iimearization circuit for thermistors

Amitava Chatterjee
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Linearization of Thermistors by a Shunt
Resistor (contd...)

output signal = yoltage across thesthermistor

constan ST::&::’?Z%I’? / . P \ \ . r R
Z‘éftfcltt@ | reSiSto;g R, g V.(T) A (T ) 4 I/o (T ) =d Req (T ) =1 ,t ;T

thermistor as I isconst.( equivalent S(T)=R_(T)= IR,

eq
r+R,

r-R(r+R)-r-R R~ &R,

S'(T)zRe'q(T)z (r+R )z m

similarly S"(T ) ~ R”(T)= RER N (R)(r+R,)

eq ) 2R, f
Design Procedure: make S”(TM ): OE> Reg (T, )= 0 |:> r= R"M -R;
TM

N
o (] o (gof

M M
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Linearization of Thermistors by a Shunt
Resistor (contd...)

| 1 ¢
shunting by

constant linearizing

current resistor

source 7 RT Vo(T)

thermistor

Final expression fox thedinedarizing shunt resistance r:

P B =21,
r=Rg
2T,
Amitava Chatterjee 15
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Linearization of Thermistors by a Shunt
Resistor (contd...)

5_
ﬁ 4_
\Gx-/ 3— — ”"
3
S 2
§ r | |RT
| I I | | >
0 200 40 60 80 100
Temperature (°C) ——>

L'inearization of NTC thermistor
employing a parallel resistor

Amitava Chatterjee 16
DepartmentXof Electrical Engg., Jadavpur University, Kolkata, India



Linearization of Thermistors by a
Logarithmic Network

log
1 A network A

V,&) Ry and

°q

constant ‘ V0 (T ) =-K |Oglo VIN
g zéy v v
|

ref

K = (scale factor of the logarithmic

network,
K. = effective internally generated
A 4 A 4

voltage in the log-network,
R, = thermistor resistance at 7 K

= _ > & _ rR;
Thermistor lingarizationusing  Req = R
logarithmic network !

v" This scheme can{displajra linear voltage-temperature relation over a much

wider range ef.téemperature (-25°C to +100°C) with reasonably good
response linearity:
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Linearization of Thermistors by a
Logarithmic Network (contd:)

. 1 1 I rR
' - ~R . = L& VAT ) ==K —T
: i b = exp{ﬂ[T s ]:| ) e [(Vref J r+R; ]
Gurrent il aiin G h? h®
source T IN o VO(T):VO(Tr +h):V0(Tr)+h'Vo’(Tr)+?.V0”(Tr)+§.vo”(Tr)+”'
h =T ~ T)is the \acrementor decrement in température

+ about the'reference temperature 7,. V/(T.), V(T ),V.(T, ) etc.

0

HE are the firsty second, third, etc. derivatives of V (7) w.rt.  t
temperature 7at7=T..

Design Procedure: make-the /42 term-zero |:> V,(T,)=0

iy

T<is-considered at the midpoint 7, of the range of temperature over
which finearization is to be carried out
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Linearization of Thermistors by a
Logarithmic Network (contd:)

Design condition: VO”(TM ):

| rR rR |
V. (T)=-Klo T4 =-Klog,g}Y -—= Y=—
i 0( ) glo[[vrefJ r+RT:| glo|: r+RT:| ( Vre

> log
1 A network
constant l §
rrrrrr t
ssssss r Rp> Vi V,(T)
V,(T)=

0

_ ) rZRT' K . RT' ( KFJ
Y, <aR (r +R) "R(r+R)

[rR, R” + RZR! = RI2(r + 2R, )|
R(r+R; )’

s Y 2R, Ry RY
Ri,” Ry, R, |

V(T )==K, -

0]
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rrrrrr

constant
source U Ry Vin V,(T)
A/

Linearization of Thermistors by a
Logarithmic Network (contd:)

> log
1 A network

A/

Amitava Chatterjee 20
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Logarithmic Conversion with an
Inherently Logarithmic Device

Shockley’s first order theory for a single p-ajungétion:

qVv

I = current through¢he-junetion (A)
|
KT

=1, (exp I, = the theoretical reversesatukation current (A)
V' = the voltage.acress:ithe junction

g = maghitude ofdthe electronic charge (1.6 x 101° C)
k = Boltzmanh’s constant (1.38 x 10-2® J/K) and

T= the-temperatare in K

KT ) qVv KT I
AR _ > ~ - V =23—I —
26mV at 27°C. Hegnee, forV x100mV, 1 =1, ) V-2 4 109

q 0

loggI<Vvarieslinearly with V, with a slope of 23KL
Volts/decade of current change. d
Amitava Chatterjee 21
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Logarithmic Conversion with an
Inherently Logarithmic Device (contd...)

a
w

V 2

N
1
I , R
N /

An op-amp based-log amplifier
with a diode asa log.element

Amitava Chatterjee
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0
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Logarithmic Conversion with an
Inherently Logarithmic Device (contd..)

7 Limitations

v The problem ofitempekature dependence

I
L1
In , R \ of scaling factor, £

v Marked-nonlingéar temperature dependence
v. - cexhirted by'J,.

4V
AN

«Diodes, used as ideal log elements, do not
= actually obey Shockley’s relation accurately.

Conclusion: Transistors.appear-to be better qQv .

candidates than diodes-as ggarithmic =l &xp= — 1

elements. J
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Logarithmic Conversion with an
Inherently Logarithmic Device (contd..)

I e I e — -
_“_L’_C _‘_E“‘ s nf{pfn — e :aFIES(eXp I((:I'I\_/E _1j_ Ics(exp I?'I\'/C _1j
—qV,
b b S Pexp e g
v, v, 2 cs,[ Rk J
ap = current’ transfer ratio between emitter

and-collector(~ 1)

I, = collector reverse saturation current with
A simple n-p-n transistor-modat;  theemitter shorted to the base

along with its sign conventionss, des = emitter reverse saturation current with
the collector shorted to the base

m; =a constant, between 1 and 4

If VC:O > I ZO‘FIES(eXp_S.I\./E_j
. B
When[ >>[ @ -V, —23—I og , [I—] where | =a_l_
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Logarithmic Conversion with an
Inherently Logarithmic Device (contd...)

KT | KT V
I.=1 < gé ) V. =-23—Ao N 1=-23—1Io N
C INA [VE 0 g glo(aFlESj q glO(R'aFIESJ

=V \/\ - — Praeticef considerations

/ t— «Temperature dependent errors.
~ +
v ¥, Seurces:

kT
|, =a.l,s and E, =23—

£ Z

The trans_diode configuratien of a Solution??
logarithmic amplifier

v"Use matched transistors to enable
cancellation of the 1, terms.
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Logarithmic Conversion with an
Inherently Logarithmic Device (contd...)

R
[ (VAR VAR S
i 1 2 R; + R,
le: T4 Iz
. 5 .
T We-can write:
t1 h} :
1-::=l'1=; [L-L[J VE - Eo Ioglo{ |C1
lIN F 0y
Y n—

{ —
Tirte Il\ Ry |Cz
| P -
| Ir.i"lE_k.:. ) VE2 —_ _EO Ioglo I
gt B R: Trirm far E-‘EII: ‘E"' 0,

. Widko sizle factar » I I
- VoKbigtn ¥ > | Hence: v, -V, =E, |ogm|&-|&
o D ¢ o
A temperature compensated:log v RetR KT,
=— . o
converter ; R, g e,
(with 2 op-ampsang21ogging __RotRy ) KT g Y Re
trapsistors) R, a VR
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