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Monolithic Thermocouple Amplifiers with Cold Junction Compensation

AD594/ADa%

PERTURES Type J (ADS94) or The temperature sensitivity of silicon integrated
Type K (AD595) Thermocouples circuit transistors is quite predictable and

Lot Impedancs Voltees Outout: 10 mv e repeatable. This sensitivity is exploited in the

Built-In Ice Point Compensation AD594/AD595 to produce a temperature related

Low Powtert o1 o typieat T 0 =Y voltage to compensate the reference of “cold”

Thermocouple Failure Alarm junction of a thermocouple as shown in Figure

Laser Wafer Trimmed to 1°C Calibration Accuracy 16

Setpoint Mode Operation
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Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vg =-5V, +15 V)

+0.6°C Thermocouple Type] ADs594 Tyvpe K ADs59s

§ Temperature Voltage Output Voltage Output
B 0 °C mY mV mY mY

E =200 —7.890 -1523 -5.801 -1454

° _ogc TEMPERATURE OF AD594C/AD595C ~180 ~7.402 ~1428 —3.530 -1370

—160 -6.821 -1316 -5.141 -1269

Figure 8. Drift Error vs. Temperature 140 ~6.159 ~1188 —4.660 -1152

—120 -5.426 —1046 —4.138 -1021

—100 —4.632 —803 -3.553 -876

—80 -3.785 -729 -2.920 -719

-6 -2.892 -556 -2.243 -552

CONSTANTAN SmalANLEL 40 ~1.960 376 _1.527 375

~ 1 ,L m T 20 -.995 -189 ~777 ~180

Dereen? ! —10 -.501 —04 -.392 —04

N ] 0 0 3.1 0 2.7

SPAN OF - -

] — | sraner 10 507 101 307 101

| RS o i sy B 20 1.019 200 798 200

1 IRON I l_—;'—-l 25 1.277 250 1.000 250

CT T T T T T ™

LR e e e T 30 1.536 300 1.203 300

E COMMON 40 2.058 401 1.611 401

0V TO 25V 50 2.585 503 2.022 503

Figure 2. Dual Supply Operation 60 3.115 606 2.436 605

20 4.186 213 3.2066 810

100 5.268 1022 4.005 1015

1M = IEN 1737232 A i 11
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Figure 1. Basic Connection, Single Supply Operation REGION

Figure 9. Setpoint Controller

Hysteresis can be introduced by injecting a
current into the positive input of the feedback
amplifier when the output is toggled high. With an
AD594 about 200 nA into the +T terminal provides
1°C of hysteresis.
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Thermocouples Wired in Series

This configuration, called a thermopile,

Figure 2-12. Thermocouples Wired in Parallel

may be used to obtain a larger signal . S, - S -
than would be obtained with the normal LY Y Y, Y Y, ey,
single thermocouple arrangement. where

Er = total emf from the circuit

2 = 1/R; = electrical conductance of thermocouple I

E; = emf from thermcouple [
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Figure 1.1. Block diagram of an integrated smart temperature sensor.

M. Pertijs and J. Huijsing. “Precision temperature sensors in CMOS technology.” Springer Science & Business Media, 2006.
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Proportional to Absolute Temperature (PTAT)
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If an external voltage V/ is applied to a p-n junction, the balance between the
drift and diffusion currents is disturbed:

p-type n-type
n ide — Tlpo €XP QI’T : :
e o KT ) n2 n? N !
— _ E
- Npo = 77 Pno = 77 E I.\I &
qV N, Ny Fn L 1'_,/“""—
Pn—side = Pn0 €Xp T :\‘: Ep,
|
E
QAAD-n(n‘p—side - n‘pO) QAAD',D (pn—side - pnO) o g
Ip = + _
L, L,

For forward-bias voltages V' > k'1'/q,

Ip =15 (e}{p (q

. qf:annpO + quDppnO
- I, L,

Is

Carrier concentration

kT I
V=—In iR
q S S.M Sze and K. Neg, “Physics of semiconductors”, 2006.
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For forward-bias voltages V' > kT'/q,

V—Eln(1> il ipl
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Table 7.6. Accuracy comparison of smart temperature sensors,

Reference Inaccuracy Range
LM75 [1] +2.0°C —25°C o 100°C
+3.0°C —55°Cto 125°C
LM92 [17] +0.33°C at 30°C
+1.5°C —25°C o 150°C
DS1626 [18], +0.5°C 0°C p TOC
+2.0°C —55°Cto 125°C
ADT7301 [19] +1.0°C 0°C o 70 °C
+3.0°C —40°C o 125°C
SMT160-30 [20] +0.7°C —30°C o 100°C
+1.2°C —45°Cto 130°C
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