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GLOSSARY

Capacisnce (Electrostatlic capacity)

Assurne That U potenhal dflgrencs befwoan twi conducionn s v
voits ard egual poinig 2nd negalve el charpes are grven o
nach of he P»o conduciors. The potentsl dfference s proportona

o the electric change and i caloudaing by the ollowing lormuls

v — -

"-l'

whars C 2 & propomoral constant tha! depends on the ozs,
ETENSONE, TENgEMEn] and embean] concElions of e tad
conductons, This congtan! is generally calied the “capactance
betweean wo comietons” and & regfesanied in the grnils of
consiornbe’voll o Farads

Dielectric constam

Assumming that the elsctrostatic capacty of a conducior when it
2aists in he vacuum (vwiualy equal W ain) is G, Farads and that
ol the conducior whin # exisls in a cartain insulator is C, Farsds
the loliowing refationsh eusts batween C, and C,

L= &

wTere & S 2 proporional constant called the *dwlectric oongtant”

whech o cependent upon the insulating material

Eiectroconductive detactable substances
Thoss wrech conduct eleciricsy. For fxampie. water (contanng
a0d, aRak, or salty) el

Dielectric detectabls subsiances
Trose whch conduct almost no elecinoty. For example, plasts
(ass, rubber, eic

Sengrive electroge

The conducior which lorms & capacitancs 1o ground and delscts a

changs m e level of the substance by a CRANGY N C2NSSINGS
[See g 1)

E Irgercres slocs oo
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Fig. 1

Operating sensitiviry

Assiameng thal the shape andg Cemierisaons of the elecyode are not
hanged, e change In capacitance required lor the lerval perwor
'o operals differs aZording (o the subslance subject (o level
SOl (e, Gelactric constant o). Thecetore, It is NEcLSSary 10 sel
N advnce [Fe g poant of the level gsangor BLCordng o the
SuUbsiance 1 be controlied. This 544 valus is czlied the “operating

Rnsiraly”. winch s represaned by posatis BETING range of

The tacked o ey

BOLMES refemum valGs of Ihe chanas in Soactanoe o the
:ﬁﬂ SeNLle 1o Coergle, detormined by l&xing inlo scoount sch
A0S &3 vanations due o lemperatuie 2nd voilage fuctuations
&nd o ntrecl-eéawaccnmtmafnumbsiﬂmmbe

::m.aa Mg recresants the maximum NSty whach may be

ILEVEL SENSORS

Resglitance Inoperalive type

Trar type of feved sensor which delacts a change in capacitance

only, without bewg afleciad by the cecrease in tha resislinis

betwesn the sensiive and insernuve glactrodes ciusad by the

adhscence of The sulblsiancs sulzed (6 conlrdd, 1o the eledtrods

section Thes type of level sensor also detects eleciroconductive

substances in a stabls manner (See Fig 2}

T B pubstance smached i
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Cacacrarce of Tw
B g o W,

subolarce
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Insensitive electrode

The grounded electrode saction which 1s connectad 1o 2 tans
rough a pipe thread or fange when mounting the switch head
Section o the tank. The length of the insans:live elactiode is
s@ecled 50 Iha! d profrudas Irom the winer wall of e tank Ty
prevenis unslabis swilch operalion csused by adherence of
residual subsiances (o the electrooe seclion. (Se= Fig 1)
Mutual imterderence

wWhen two or more level sensors are instalied in the same [2rs
the swilches may not operals in 3 siable manner due G

insufficen] distance batween (he two electiodes This condtion ic

réferred 1o as “mutual intererance” [Ses Fig. 3)
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Decliing (separation of oil and water)
The defection of the Douncary between the oll and waler is

Positie cince a difference in dwlaetric constant £, ENsls between
Inese two substances. Therelore, i off and wales are mixed in the
sarme lank, @ capactance type \evel sensor allows detection of the

separation boundary

Plastic covered electrode
M ihe matenal 1o be detectad does not provide adeguale

resstunce between sensdive and insentive Glectrodes, covering

e tonsitive slestrode with 2 plastc malerial can bs ysas o
INCreEase the ressiince Wb an stcEpiable lavel

o4

™

Electrode Selection According to Substance and Tank

Shape

Subs 5 reiytad
o tha chermaral
ndistry

Subslanzes relaeg
o ne sesl mdistry

Sutatances relatad Cacira (5 .
i the koo Fiutry | of of a'?ﬁ -ﬂ?ﬁﬁ

{ Fodder
Mars
Substance subsect 1o - le=23 w26
level comtrol ~Oybean cake
e =27 1025

Yheat Rogr
c=221030)
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Trichlerss (¢ = 3 4)
EBariem ratrata
e =50\ 80)

| Sultur {Rousd)

S&ca sand

(e =250

Edie od

| Margarine riguc)

| Granulated sugar
| {(powdsrsd)

| Heavy ol crude o
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=2 &0
NIl water £aa
| Wilds e wgle
. (e = 70 1o &85
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Coated elscirods

fed ¥

Loat-resrstian

Siancarg slectroce o | Slandars gelaciroce o

(with a coating of ECrooa L-shzped electrods | coafed electmca

Wire plectrode elfrlene tinfiuonas { i':-eai:;;: e:nr-::&.ﬂx | wire ol Tmﬂza:ﬂ

(3,000 mm max ) is | resn or hexafiuonce whara higher | sobvent OF COTToSiveE

mos! sullable etrryleane resin) or Erentinn g wisl) grERaniy) ' .

Elaciinda For wer-kmit chemical-regiztant .
control- eactrods (SLIS31E

20-mm dia. \oad hasialoy B)

ressiant eectode

appicable o loads
' of up to 73 kg

(safety facior 4)
Electrode Instaliation
The electrode can be mounied in one of two ways, honzontal — Verical mouting
(S68) mounting and vertical (upper surface) mountng. S (3 Rece: secrocorauc
For the horzonlal mounting, the elactzode is always paralisl with _ WOImace heson efacis
tha fluctuating surface of the substancs (o be detecied This 3 Pacuon: seeces socuacy
permits accurate level control by providing a greater change in the SO0, SO I Gt
Qpaciance of the electrode versus a siight vanation of the e b o
surfaca. However, eleclroconductive substances are ety to Horzordal

adghere 1o the electrode and can result in Unstabis swilch
operation. N is imponant 1o menvmize the achesion of su=h
subslance 10 the electrode. A longer insensiive elactrods will

wotve this adhasion problem.

Foc the vertical mouniing, electoconductive substances usually
it not adherae (o the elscrode, hus permitting slable swilch
operaton. However, this method resuits in reduced det
aCXuracy and requires a longer eleciroces lor the lower-£mt

control in [arge lanks.
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Isrerssc detectng eerur
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Eoiances T T ewrTOSs

Mounting without flange

| Mounting with flange

Mounting with flange mounting base |

g nfree

Saremve
g ) e S

élactrode secton directly 1o Ihe lank, use a
Uvead 1o aftach tha alecttode section o (he
Lank.

In this cases, make sure thal the msensitve

wall of tha fank

For the electode mouniing section, LAper pioe
ihread (PT3/4) s provided. When mountng the

conduil Wbe and screw i directly mto the pige

alectrode protruges 10 1o 20 mm lrom the inner

Detarming g ength of 172 Kangs pos
saction of tha flange mounang base o
connéction with the length of the
nsensive aleciioos

Mounting without & fllange on & thick wall

Substance g likely 1o adhere lo the

Vertical mounting

10w 20 e

Yhaen a longer mounung thresd is
b8 suro 10 uto a BONgee Nkensiine slactrods
accordngly.

eclecirode
Suoslaroe This meitcd &
adrenng | afectve whan e
,% 57 tark wal a0k has a sma
- Powsco mwena daamaty, Ihe
5 ) M

When an excassiva amount of ressdual
substance adheres 16 the electyode section,
be sure 10 endend the length of the
nsgndiinre slecrode as much as poasitie

horizomial |
MOUNlngG. G When
VISCOUS

w
I rl'!.l-. i




The lolioaming preautions are necassary for quick cooling and k-

Cooniermaanoras
lemperature substances (with 3 dMerence of 10°C from ambean
P reca unons lempariure) and excassvely humid condilion
{’_ Tresd sy Lo
suR] EEMEAT FY b s whe e plasirrneia e P r

When using the electrosiabe capactiance bype leml sensor, pay Avoad inslailling the lavel sénsor i io —:'.t' ’_ r "_' Bre Ihe geclrode i ol Lo mtmiances

e At Dol Prapimentniy e e 2 direcly exposed 1o ha niow ol the substance subiect 1o oyl ¥ twaier, bauor
afanticn 1o the foliowing items l;;.nrr,--.i slenhol, e )

r
instad the vl sansor 5o hal the Insenstive olectrode prodnedes
from they e wall of the fant l

m-:h
Coorred

c | " — |
sl i

]

. 5 Faarstre oIS bl - = il the sutstanca 1o be datlestad = 3 highly comosive bowd use =
> g =vel switch wilh a polyacetar meulator, 5 sioone rubber paTung
- ey

Models with a leflon paciing and teflon-coated slectrncs ars 3l
avadable Corsult OMRAQON for datal

lrmame e pesctrmds sliow lor the lollowing cistances between Ihe side and bahom

witlis of the lank and the level sensor
The level sensor is provided with adaquate protection against

It the substance 1o be delestad generaliss Sorafican) state
sUrge current. Howevir, (0 improve swiich reliabiity, (solate the

elactnoty, such as plashc, use of an iImoroved moce! o el

sensee 5 recommended. Consult OMBON for detais.
swilch cable by nol roting it through the same duct of condull
4 tube as the power ne *
r
o -—= \ Eei;a,_._'
iE(;D RM ) ®s9s |-
” : rl' < Wheh two or more lavel sensors are to be used in (ha ZAME [ank
o e Da sure lo provide (he specified distancs between the two -
f;g if [.' sensitive plecifodes 10 prevent mulval intereranos Specific Inductive Capacities of Selected Materials *
s | = = ’ ="
’ T ) = n Material e Material & Material = !
= - Alr 1.000264 (Gasolne 20w 22 Polyester resm 2881 |
For outdoor applications. be sure 10 use a cover o prevent the : e L Carbon dioxide 1,000585 Casatfin | 23025 Coyacatal SLlsiind |
lemperature of the swilch circultry from nising as & result of direet ; SeRcad Waler 80 Vasghne 21023 STyrene fesin 23w 3.4 |
sunhght . distance AQuegus solution S0 to 80 Glass | 3.7 014 Polywinyl chionda resin 281031
| —— j | Glycenine 47 Porcelzin ST Acrylic resin 271045
[ — ( Meathanol 33 Sai ’ & Tetrafloroethyien resn f 20
, 3 - Ethylene glycol 358.7 Sand 35 SiEcon vamsh 281w 33
Nitrobenzens 35 Sulfur | 34 Shelisc vamesh 25047
Il the substance 1o be datected is fikely lo adhare to (he Botom or ' Ethanal 24 Shall kme P2 Sugar 3.0
niner wall of the lank, instell the leval sensor upside down 5_-5 Ammonis 12 lo 25 S:-:r;‘pﬁan ol 28135 ‘Cafe,al 3 a5
shown below, tnslead of hodzontally Acalone 19.3 L.-qs.u_d air 1.5 Wood 25
; Carbon tetrachlonde 22 Liquid carbon cioxide 15 (10 to 30 when wet)
Aniline 6.9 Liquid Chiaring 20 Press boad 2105
Toluena 23 Pheno! resin 410 12 | Foeg ash | L5110 L7
Benzene 23 Urea resin Swd Polypropylene 20w22
_ Propane liguid 161019 Matamin resin | A7 w102 | Nylon 2 S
Selore stiking the tank wall with & wooden mallé!l 10 remove the Palroleum 201022 Epoxy resin I 2506 | P 235% 3.0
SuDstance adhenng ta il, remove tho main arcun saction (1.e.
head secton) of the lavel gensor
Ordering Information for Level Sensor
Tha a.ppav:ab!a model dapends upon the methods of installation
and delaction.
(Whan you place your first order, ba careful ta specify the modal

numbet correctly becausa il the wrong model is usad 10 detect an

imi inappropnale subslance, the level sensor may mulfunction. This
= also applies 1o the selection of the substance to be pontrolled bry
Accoptasic the swilch since inappropnale substancas may causa some level
sensors to mulfunchon (e g. electrode adhasion)
Reler 1o the above table 1o determine your choice of a laval
s sensor and the substances it can be used with. For further
inloarmation, consult ODMRON,
. Pay afienacn 1o substiice s
When u=ing ihe leval eensor lor the level conitro! o Subsiances =il fegh aTion cogioen
ET:I Iand 10 leave deposits such as causlic soda, me wale, paini; R L otoa
SIS, peviom padodic cleamnng and NEpLERon of the slectrode 2 :

tn ocauons whare Vapor s preseg
Adeguals Prolecthon again

0. d'1ype ol leval senscr with |
st respiralion i Necessany
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7-6 INSTRUMENTATION AMPLIFIER

In many industnal and consumer applications the measurement and control of
physical conditions are very important. Forexample. measurements of lempera-

re and humdity inside a dairy or meat plant permit the Operator 1o make

neces-
SEry adjustments to maintain product qualily Similarly

precise temperature con-

10 produce a particular tvpe of plastic
Generally, a transducer is used at the

information easily and safely. The

Of energy into another

trol of a plastic furnace is neaded

measuring site 1o obtain the required

fraansaucer 1s

a device that converts one form
For example. a sirain gage when subjected 10 p
force (physical encrgy) undergoes a change In its resistance (electrical energy)
An astrumentation system is used to measure the output signal produced by a
transducer and often to control the physical signal producing il Figure 7-1]
shows a simplified form of such a system. The input stage js composed of a
preamplifier and some sort of transducer, depending on the physical quantity to be
measured. The output stage may use devices such as merters. oscilloscopes,
charts, or magnetic recoders.
In Figure 7-11 the connecting lines between the blocks represent ransmis-
sign lines, used especially when the transducer s al a
hazardous conditions such as high temper
chemicals. These transmission lines
tength of the transmission lines depends primarily on the physical quantities to be
monitored and on system requirements.
The signal source of the Instrumentation amplifier is the output of the trans-
ducer. Although some transducers produce Quiputs with: sufficient strength to
permit their use directly, many do not. To amplify the low-level oulpul signal of
the transducer so that it can drive the indicator or display is the major funciion of
the instrumentation amplifier, In shori. the instrumentation amplifier i1s intended
for precise, low-level signal amplification where low noise, [ow therma
dnifts, high input resistance. andaccurate
low power consumption, high commeon
are desirable for superior performance.
There are many Instrumentation Operational amplifiers. such as the WAy,
ICL7605, and LH0036. thar make a circuit €xtremely stable and accurate. These
ICs are, however. relatively expensive: they are very precise Special-purpose
Circuds 1n which most of the elecirical parameters. such as offsers. drifts. and
POWEr consumption, are minimized, whereas Input resistance. CMRR. and supply
FANge arc optimized. Some instrumentation amplifiers are even available i1n modu-
1ar form 1o suit special instellation réquiremants
Obviously, the requirements for Instrumentation Op-amps are more rigid

than those for general-purpose applications. However. where the requirements
dre not too stnct, the general-purpose o

0-S11 Prampcan be employved in the differential
mode. We "_‘f"l“ call su fferential instrumemation.amplifiers. Since &
most af the instrumentation Syslems u :

Fessiire or

femote (est site monitoring
atures or the hiquid levels of Aammable

I and time
closed-loop gain are required. Besides.
“MOde rejeciion ratio. and high slew rate

permit signal transfer from unit to unit. The (

e ——e—

I-T}

Transmesssaon (lnesy

e ] :
Phytical quantity FN InTermed Mo

yhcal quantity Input stage { 1ermediale Cutpot i
10 be measured : I 1tage SLge t

Il A i

: .

Transdicer instrumentation Indicator and
+ preamplilier smplifier

ITOMITE process
controllss

Figure 7-11 Block diagram of an Instrumentation svsiem
7-6.1 Instrumentation Amplifier Using Transducer

Bridge

Figure 7-12 shows a simplified differential instrumentation amplif

fer using a trans-
ducer bridge. A resistive transducer Whose resistance changes as a function of

some physical energy is connected in one arm of the bridge with a small cirele
around it and is denoted by (Ry = AR), where R; is the
ducer and AR the change in resistance Ry

The bridge in the circuil of Figure 7-12 is dc excited but could be ac excited
as well. For the balanced bridge at some reference condition,

resistance of the trans-

Ve=V
OFINTERMS OF THE RESISTORS & Vb=

i

Resistive
rransducer

Ry

A
1‘.
v = :_

‘U = ll'- it
r H’A = F
i 3 i
X AAAN

IndhCating
fmetes

Figure 7-12 Differential instrumentation amplifier using 2 transduger
bridge.
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Generally. resistors K., f-.."__ and ';"-.' e selected so that they arc -q']di in vailue Lo

b - . 5 5 3 1 F i w 1 5 o i 8 i g r .
‘.I1'.|-.' ffuir?‘-\!:'-t'f I -.."-1_.“'“_ ¢ 'r'||._ Al '.,||"Irl'!:_ Fr_fr Fe e rckiron rf“ [Ltl.lelk. 'l."-h-,_il

100 15 the specihc value of the physical quantuty under measurement at which the
b

bridge 15

pends on the transducer § charactensties, the type of physical quantty to be
g

balanced. This value 15 normally established by the designer and de

measured, and the desired application
I'ne bndege 1s balanced initially at a desired reference condition. However

the ;\h. sical quanhity to be measured chaneges. the FESIStance ol the transcducer

130 Changes, which causes the bridge to unbalance (V, # V), The output valiape
i the bndge can be expressed as a funclion of the change in resistance of the
transaucer, as descnbed next

Let the change in resistance of the transducer be AR. Since Kgand R, are

cd resistor rhfithﬂtl-l>iUﬂﬂJﬂi ”ﬁ%fkff%nﬂhytl dificsS aS & |

L3N O 1he ,hﬁﬂu;rﬁff¢ﬁ3dU;ffIkwr[aHnu IWhﬁcﬁlb_ :NJFFH“; I the vOllage
.f".[u:__ i

1 e e e —

!
conseguentiy., the -'~|:.':_';_."'t;' \ & 2CrOS5s (he Oulput ierminals ol 1he f"-p.-n_ll-._-i

| V. — V,

Howe C iK1 = K = K " K then

[ - — ———— e ™~ #
1he negan \ = SIED ﬁilh:.cquzuwn Indicates that 3 V., becau af 1}

I Ne "UI;‘-U! ‘t"'“'f!.gf: ! & 0] e i"-n-jﬁ_h: 1 1h.:_-:'. _::I-F_h,:d 1

-  the differennal insiry
meniation amplhiher composed of three Op-amps (see Figure 7.174 The voliao:
1l (= § pfﬂtfdl“g the Dagic Sitfer=ntnial -'."--'nj"*llfll_'.l‘ h'-"r’ 1 eliminaie 1 -
oridee circutt, The gain of the basic differe nbial 2amplifier 15 (- /

Ihe outpur Vo, of the circuit 1s

fll';'.J‘Ir',"-' l'l."l- 'h'_

iNeErelfare

[..I'L'l'li_'l'i.i”'f. Lhe l..'.l'h’l[l[_:t_' Inresistance of the transducer AR 15 very small I h{‘l'r'h'u'r
wE Can approximate (2R + AR) = 2R. Thus; the oulput voliage

e (7-13h)

T'his equation indicates that V, is directly proportional 1o the Change in resistance
Al of the transducer. Since the change in resistance is caused by a change in
physical energy, a meter connected at the output can be calibrated in 1o rmid of the
units of that physical energy.,

Before proceeding with specific bridge applications, ler us priefy consider
the important characteristics of some resistive types of transducers. In these
resistive types of transducers the resistance of the trangducer changes as 4 tune
tion of some physical quantily, The thermistors. photoconduetive cells. and
stram gages are some of the most commonly used resistive transducers: he nee
they will be further discussed here

Thermistors are essentially semiconductors that behave as resistors usially
with a negaiive remperalure r'.Jr_'_.l'__hrn'n_r ,_-'.-I_."u'-;n'nuu ¢. That s, as the tEmperature
ol a thermistor increases, ils resistance decreases. The temperature caelficient
of reésistance is expressed in ohms per unit change in degrees Celsius (€ I
Ihermistors with a high temperature coefficient of resistance are more sensitive 1o
remperature change and are therefore well suited 1o IEmMperalure measurement
and caontrol. Thermistors are available in a wide variety of shapes and sizes
However, thermistor beads sealed in the Lips of glass rods are most commonls
used because they are relatively easy to mount.

Fhe photaconductive cell belongs to the family of photodeteciors (phatosen
silive devices) whose resistance varies with an ineident radiant energy or with
Hght. As the intensity of incident light increases, the resistance of the cell de
creases. The resistance of the photaconductive cell in darkness i< typically on the
order of 100 k(). Generally, the resistance of the cell tn darkness and at particular
lHghtntensities is listed on the data sheet. The intensity of light is expressed n
meter candles (lux),

Malenals such as cadmium sulfide and silicon. whose conductivity 1s a fune-
tonof incident radiant energy, are used for photoconduclive cells. Some cells are
extremely sensitive 1o light and hence can be used 1nto the ultraviolet and infrared
regions. The photoconductive cell 1s typically composed of @ ceramic base. a
layer of pholoconductive material. a moisture-proof enclosure, and metallic
leads. Photoconductive cells are also known as photocells or light.dependent
resistors (LDRs)

Another important resistuive transducer s the strain gageé. whose resislance
changes due 1o elongation ol compression when amextennal stress s applied. The
stress 1s defined as force per unit area [newlons/tmeter)’] and can be related o
pressure. torque, and displacement. Therefore, a sirain guge may be used (o
monitor change in applied pressure, lorque. and displacement by messaring the
corresponding change in the gage's resistance

Two basic types of strain gages are the wire and semiconducior Semigon-
ductor strain gages are much more sensitive thun the wire type and therefore




of & strain gage 15 delined

¥ e
- [ \
‘||. vitnnsiriul

: . N [|._|FF
provide beltler accurdcy and resolu -
provide by : a gdimensionlecs

i$ unil change 1n resistance per un!l change an length and

ANy dF iyl e
Uhe thermistor, photocell, and strain gage are all passive transducers,. mean

ing that they require external voltage (ac or de¢) for their operation
7-6.7{a) Temperature indicator. The circuit of Figure 7-12 can be used
a lemperature indicator if the transducerin the bridge circuitis 4 ”I"-””"‘“-" and
the output meler is calibrated in degrees Celsius or Fahrenheit, The bridie can be
balanced at a desired reference condition, for instance 25°C  As the temperature
vanes trom s reference value, the resistance of the thermistor changes and the
pridge becomes unbalanced, This unbalanced bridge in turn produces the mete;
movemen!, The meter can be calibrated 1o read a desired temperature range oy
elecling an appropriate gain for the differential mstrumentation amplifier. [
i 7<12 the meter movement 1s cJCIu:nfic nt on the amount of imbalance in the

Mgure
oridge, that is, the change AR in the value of the thermistor resistance. The AR
jor the thermistor, however. can be determined as follows: AR tlemperature ¢«

Ny f

etheient of resistance) (nal temperature—reference temperature!) See Exam

ple

EXAMPLE 7-7

In the circuit of Figure 7-12, R = | KU, Re= 4. 7K, R, = Ry = Re = 100 k0,
Vae = +5 V, and Op-amp supply voltages = 15 V. The lransduceris a therm
istor with the following specifications: Ky = 100 ki) a1 areference temperature
af 25°C; temperature coefficient of resistance = =1 KOV/'C or 196/C. Deter
mine the output voltage at 0°C' and at 100°C

SOLUTION AI125°C. R, = Ry = R, = R,

™

'e""'*r'li-ill'-i‘,-'. the requirements far imnstrurmnentaton URAMPE Are more rigld
than those fnr i!-_'nr.:r.ii-pllr[-n'.r" .1[h[rIln_.Hmr!|~._ Haw EVim U g ihe FOLITe v g I.
TENOL W rict, the Beneral:purpose op arp can be employed In 'hr*. ;'hfl'--.'rr.-.-
mode, We will eall eh amplifies differential (xirim nrallon H”-a“-”;ﬁ”' i

ity

Trl+-1.f:‘m--;—' iy

‘_/
,J’
'f’
x’ﬂ " T
-
u{ "'
Frivwcal geramtin | y .
4 WMLy Ingpul ttage ' Ity Cratwat
I Bk yrumirdiir el I ol S N
— —— | -
S —— e ——— e}
I. i i
|
Trarmouscer rabtrm il 'rElCaLAr ged
- T T T armrps e MUTLH=S b0 A rar g

ECan s ilee
Figure 7-11 Block diagram of an Instrumentalion system

Most of the instrumentation Systems use a transducer in a bridge circuit, we will
consider a simplified differential INstrumentation system arrangement using a
transducer bridge eircuit

7-6.1 Instrumentation Amplifier Using Transducer
Bridge

Figure 7-12 shows a simplified differential instrumentation amplifier using a trans.
ducer bridge., A resistive fransducer whose resistance changes as a function of
some physical energy is connected in one arm of the bridge with a small cirele
around it and is denoted by (Ry = AR}, where Ry is the resistance of the rans.
ducer and AR the change in resistance iy,

The bridge in the cireuit of Figure 7-12 is dc excited but could be ac excited
as well, For the balanced bridge at some reference condition,

Vi v,
or

Rg 1 R{‘ Ry + Rl‘

R it e
Urenacuces

Hl nl
T AN g 2t
|
|
L
V. Ve
J I
I
|
} R, =R,
AL

LY
v

J
Indcaton
Bl o

Figure 7-12° Differential instrumentation amplificr using & fransducer
bridge.
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EXAMPLE 7-8 - This means that the differential Input and output are in phase or of 1he samie
The circuit of Figure 7-12 is used as an analog weight scale with the following « polarity provided that V,, = Ve—=V,and V, =V, — v,
specifications. The gain of the differential instrumentation amplifier = — 100 | The differential input and output amphner of Figure 7-14(za) is very ysefyl In
Assume that V. = +10 V and that the Op-amp supply vollages = = [0 V. The | AOISY environments, especially if the input signal is relatively smaller. because 1y
unstrained resistance of each of the four elements of the strain gage 1s 100 1) rejects the common-mode npise voltages.
When a certain weight is placed on the scale platform. the oulput voltage V., = .
I V. Assuming that the output is initially zero, determine the change in the | - A,
- ¥
fesistance of each strain-gage element. ; AP AN
|
| Ve
[~ SOLUTION Using Equation (7-17) r\f
| = I-'L"h —a
I Al S Q
V. / e |
+ 0 ¥
i l
'
=V
I R, R
‘.‘*"'-'_ ‘-'F'H"'__ "
= V.,
: ""\-I:.,: |
.
| N
7-7 DIFFERENTIAL INPUT AND DIFFERENTIAL OUTPUT £ s 2
AMPLIFIER | y
- O =z
1 . = "'.-"_
I!'?J:” the aF‘FHCL:TiIT"ﬂE discussed so far. the UP-amp |5 used with d Single-ended or = ~Vee
unoalanced Qulput However, in certain applications a differential Oulput 1s re-
quired. The ﬂirrfrcf}!:af ifipul and differential ouiput amplifier s most commonly .
used as a preamplifier and in driving push-pull arrangements
_ Figare 7-14(2) SOWS one possible arrangement of a differential input and . N 14
dificrential output amplifier HINg two identical op-amps. thar s, dual op-amp S L
The uUi‘lnrgtm diagrams of the 8-pin mini DIP znd I4-pin DIP are shown in - = = - ﬂ]
Figure 7-14(b). The analysis of the circuir in Figure 7-14(2) can he accomplished e VA i - 8
Vi ie {1k £In () OF &=~} - o e = : . g1 V- Y-
:‘L;Djﬁ srmming the DUlpul of &ach Op-amp due 1o the dJ”*:"I'Cﬁ'!,E-_! inpur. L sing the : = Out A I— = j .
. E asitio - - e § / - ; : ’ - = -
PEEpOsItion thearem the output Ve: due to inputs V, and V. i« : Oftser >__ Out A 2 7
rniull A ] === fha A
(7-18a) . e 1| | TRIgT |G
“In & | =~io 8
5 + 10 L_. p—
Offset B Out B 3 b
rull B =in B
6 - 8 i
210 /
(7-18b) 40 B V=B \_ y
7 B Bipin muni dip
Otfgar .
-in B null 8 sAFid
18 pin dip
whF772
— L1

| Figure 7-14 (a) Differential input and dlffertﬁnual Quput ;?.mi;;
her using a dual op-amp. (b) The connection diagram of a I.pu.w
dual op-amp. (Note especially the difference b:iw:en_:h; ;uﬂ;:;‘p!&
voltage and offset-null connections ) (Courtesy of Fairchi
Camera and [nstrument Corporation )

Fn = EJ -+ giif) 1ﬂn

(7-18¢c)
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EXAMPLE 7-9
I'he differential inpul and output
phifier and requires a differential
the circuit if the differential mput Vi, = 100 mV.

[ SOLUTION

Using Equation (7-18¢). we get

amplifier of Figure 7-14(a) is used
Output of at least 3.7

1 S 4 pream-
V. Determine the gain of

{'ﬂ\!
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= NT OF SMALL , ‘ _
THE STRAIN GAGE AND MEASUREME . 8-8.3 Using Stram-Gage Data
RESISTANCE CHANGES | 1 : |
> i | 2 n the II‘IEI[ SEClion we show that our instrumentanon measures only the gaoe's
8-8.1 Introduction to the Strain Gage n o — :r:mggf Jrl;e?]is'lagcc AR. The manufacturer specifies the unstrained gage’s résistance
s by a small amount whe - NCe AR has been measured. (he fatio AR/ R can be calcujated T :
sertance chanees by a small am = ' 1 v Ldn bE calcufared i'he manufamurcr
7 r hase resistance oh . . i > el ¢ V o ‘ : ;
A strain gage is @ condux Ing wire H‘h' aze in leneth is small. a few millionths of an | also furnishes g spcmﬁ:‘,d 8age factor (GF) for each gage. The gape faciar IS the rario
it1s lenethened or shortened. The k..[d--r_tuw . "'i*'” the percent change in length of | of the percent thange in resistance of a £4g¢ 10 1ts percent chang® in length. Theze
: . e lalel s ] Fb FUCH + bl e - - ._ b ) . s = - | =
inch. The strain gage is bonded “"1 " ”Lr PErCent changes may also he €xpressed as decimals. [f the ratio AR/R is divided by
Ja 2s -~ . = aen o Tl anap - : § . : = S ) f
the Strain gage and structure dr? { rﬂﬁh % 13(a). The 35nk1'1ﬂ“§:h'35“hc gdgc l1es gage ﬁﬂﬂ(ﬂ'(;.fhﬂ EEBU“ IS the ratio ot the change ”1!¢ng[h UrlhE EEEE*AI.ID irs
A loil-lype gage 1s f’fi,{m_“ I :Tu--.'n-m@; be motnted so that its H'aﬂﬁ“fﬁ_k‘ ~"'-"~_“‘ original f‘:ﬂgih L. Of _Cﬁur-if: the structure where the 232¢C IS mounted has the Same
> 3long the transverse axis. The strain gage ‘;r n that is to be measured [see Fiz. 8- AL/L. An example will show how E3gE Iaclor 15 used
¥ = : bvim “reIre 100100 (ha = W UK o . _
: 1es in the same direction as the wm;d“ ”a N engthéns the strain eage conduclor
- i = T | - it N -l"l ir - £ [f’l'l.[:-‘- M {= .-_',_-l - . = 3 L= = 2 : -
13(0) and (C)]. Lengthening the ba : . > oapce’s resistance because the
: athanc (€ s resistance. Compression reduces the caoe's resistance I
and increases ils resisiance. oC . cad
V. normal length of the strain gage is reduce Example 8-10
. Lateral axic
J No Jﬂlr:‘u:‘ﬂl{:’&’: * | A 120-£) strain E4EC WIth & gage factor of 2 ts affixed 10 2 meral tar. The bar s
tnsirume v | £ ] ‘
’ . stretched and causes g AR of 0.00] O Find AL /L
f I Transverse
'] _— ; - a
£ ! ' - axis SDIU[IDH
RN,

" !

Artive

length

—

(al Meral foilstype strain gage

R + AR Metal bar The ratjo AL/L has a name. It 1s ealled lntr strain. 1t is the uni stramn dara (we
»

have developed from a Measurement of AR) that meéchanical engineers need. They

Encee e | | Farce €4n use this unit strain data together with known characteristics of the SITuCtural 'ma-
_ﬁ ] =

——— | terial (modulus of elasticity) to find the 3ress on the'beam. Siress is ihe amenr of
| » 1/ force acting on a unir area. The unit for strese i POUNdS per square inch (psi). If the
_ bar 1n Example 8-10 were made of mild steel. irs SIFESs. would be abour 125 P51

01 \Tension.lengtheny bar ﬂnd, et Strain is the deformation of g matertal resuiting from stres or AL/L

INCrease gage resistance by AR / e Fid & AT JIFESS, O Y A O

8-84 8§ train-Gage Maunting
R~ AR
_ Before mounting a strain gage the surface of the mounting beam must be cleaned
: 'f_ ! ~ Force sanded, and rinsed with alcohol, Freon. ormethyl ethyl ketone (MEK). The g2ase |y
s =7, | then fastened Permanently ro the cleaned surface by Eastman 910, epoxy. polvmide
[>————— L adhesive, or Ceramic cement. The manufacturer s procedures should he followed
carefully.
(€} Compression shorence bér and gage

10 réduce gage resistance by AR

8-8.5 Strain-Gage Resistance Changes
FIGURE 8-13 USing a sirain gage 1o measure the change in length ol 2

SIruCture [t is the change of resistance N a strain gage AR that must 'be measured and this
8-8.2 Strain-Gage Material = change is small. AR has values of a few milliohms The technique emploved to
< measure small resistance change is discussed next.

moderate ICmperature, strain EAEES are made by forming the meral alloy into very




§-9 MEASUREMENT OF SMALL RESISTANCE CHANGES

&8 1 Need for & Resistance Bridge
|P-‘ MEASUDNE resisiance we must nirst ind a 1¢q |IHH;I?.1.' (0 CONyenrt IJ'II_ FCSEXanIcCe Cridie
(O & current or voitage tor display on an ammeter of voltmeter. (1 we must measure o

small chanee of resistance. we will obtain a very small voltage change. For exam

pie, 11 we passed 3 mA of current through a 120-80 strain gage, the voltage across
i i % g ] g ] ¥ pN j
e aage would be 0 & I,rlll'. ]I |?-l. resistancs vinees hy I I'.'!-l.,, 1.1'}.. ..l'l-ll.-ul-_. I JII,.J._I
would te 3 pV. To displav the S-uV change, we would need to POy it By & acto

W, or example, [0 10 S mV, However, we would also ampitty the 0.6V by 1000

(0 0Dl OO0\ plus 3 mV. 1 is diffcult to detect a S-mV difference 1in g 600-\ i

nel, Therefore, we need a circuit that allows us to amplity only the @¢ifference in
v it \WIe SeMasy [he sFAIN 24 8e caused by i "I"4..'.'L-' 1IN FesiIsianc IJJ 1 il.”l1"ll 15 :-."fi.'lld
n the bridee circual
- -
8-8.2 Basic Resistance Bridge
Phe Straun gage 15 placed 1n one arm of a resistance bridee. a4s shown in Fie 8.14
Assume that the AEC 15 Unsiramead, sodhal s resistance i\ ViIso ASSUME Tthnt A
A and .i;. Hre all PICUIAEIY Uit 1o A -,+'|'.:~ unhkels wssumplion as dealt with 11
\"I_IL:H"I 5 IIII ! I:.I|-.!I.,: :-Ll'.-."- i !_'-[lj-i:ﬁl_l'- _'l |r - 4: ,- .]!ll.l‘ .:* 1’ LI i h.\
-hl"lx!_.'- 1S ‘.‘i'..i 0O Inriiancdd Ef INe slrain o \EC 1S oampresied ,'-‘- '-.\.1r|.l|l.'| \1-,'-_'[1"1'_‘1_.{ D
AKX and the dilferential wi Hage | would be piven hy
_:ll:'l-
I L .
, T
s appraximation s valid be ause AR AN 1O SLrain epoes
E'-I'~-'-"-'--'- (871 shows that 4 shiuld be made laroe 1o maxii Hze the bridee dit
icrential output voltage. § £
I ]
| : .
J Example 8-11
I AR AT } D i
’ It AR QO3 R L&V 30, nd ¢ LU N In Fig. 8«14, Aind the outpul al
I the bridge. £ . I

| Soluton  From g (B-7)

=

W | {» i
| conclude that a voltage £ and uridge circuit plus an INSIrumentalion
M cf C3 i .y e =l RIS LATICH am
Pl Ned i CORvVer:t a -_|'!.J:I'L-_: N FESIMance of | mil o an TeTo T
ol o RPN NONAgS chanae of

22 m\

i U
'
|
| A g =1
pd 4'.
- . j»-l____, 3
R, =R ._': ng
149
o~ b E E.=F ———_".‘:' . :.':‘:
‘ 4R = 7 AR T 4R
FIGURE 8-14 The resistor bridge amangement and wianl yor &
converl a TESASIANCE fh.]l‘]t:l',’ in the srain ;‘_1-..’;' ARt o d ";-r*“'l | "..-"‘ *
I : R . i E i o i CTIti 1l Rii Ut
Voltage £ s TR (20 5. E = 10 v IKER = |l m). F, ~- £
22 uV Lk
8-9.3 Thermal Effects on Bridge Balance
Even if vou succeed in valancing the bridee circuit of Fig. 8-14. 11 will no stay in
: 2 . i L LIl M L 1
balance because slight [Emperature changes in the SIT3IN S82¢ Cause resistans
. = i - __._.-_.':'_ R R Y = =

change equal to or greater than those

mounting another tdentical strain gagc immediately adiacent 1o the o TRINS Stramn

S48C SO (nat both share the same thermal environment Therefore. as

M V{7 % e ol oot ] - = a s & - 3

tl--il-‘.rll S. the added S48C S resistance ;.h_lﬂ'jr:.‘- EXACLIV as I resistance ol e WOk -
ing 248 1['!:.‘ added };.I:_'L‘ !'*rr,'“-hi'-:.‘» automatic cnmperature cOompeEnsanan dNd 15 ap-
propriately called the temperaiure compens .

ion or

[ i u:.l""-"-'."l.

-..-r---r\-u--_-. . Y 3 " .
Ih., r.,?” e *..-fl.;t s ’”I. LT RXGiion .li.l-l"'t R | l'-i.}'.,iﬂ{cq.?: L1 ;:J"f l:x :F-__J_r._

pendicular to the transverse axis of the working cage. as

i :;_ h--:"'\.
11\\':1 --——s:"l o E—— T'-E‘ 13:1315."""
| Warking | Temperitura compansation
L;L_”;'.. { .‘:__3_':.} h' E =
| R+ AR
FL"II..L‘ _'-"'-‘_H‘II‘ !_—-'-" "L'p i
i
J I
l
|
i | |
- |' =
e T : | tig 14
I
1D E ¢ -
FIGURE 8-15 The [EMpErMule-COMPEnsation gage has the same rasi-
fanee changes as the working page with changes in remperature. Only 1he
WOrking gage changes resistince with strain By connecling in the bridge
circutt of Fig, 814 as shown, reustance changes due (0 lemperature
changes are automatically balanced omt
—— — — — —— T—
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10 BALANCING A STRAIN-GAGE BRIDGE

g.10 1 The Obvious Technigue

r

G002 The Batter Tachnique

FIGUKE 817

ent of v,

.I.h areal .‘*g_.r“.r.-a -.hf:_lfr_. l':l""'_.‘lfr Wi ".-'_

Gl the WA angd check the Balancing sttt

walil, indrease fes 6 1K) kEL and reghes

14 selected by ekperiment and depends on

and i“',.




8-11 INCREASING STRAIN-GAGE BRIDGE QUTPUT

cOHTIRENsatian

< shown asginin F
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8§-12 A PRACTICAL STRAIN-GAGE APPLICATION
Ax <hown in Fig. 819, an ADS21 (Analog Deviges) instrumentanion amphher (1A) SLEN Wires
is connected to a bridge arrangement of four strain gages. T'he gages are | 2001 2 bo
SR4 foil-<tvoe strain gages. They are mounted on a steel bar in accordance with Fig RilEA
; } =" . . . i |
8. I8(c). Also the balance nerwork of Fig. 817 18 connected to the strain-gage ! 77 "‘,. \
r - -I__
] \
154 NS
I_L_._ ,""J
Y | 74 L
&, '.".l....\,— 4 =t e ..4 -':." =
= - 5 ":
- ekl d i | E } & :‘ L b ‘ - ____-_
-i"1| in 1= 4 [
= - ‘ - [ ks ~
| ] e NS AW 220 | > Dhl;"nhr.ll_‘l'l'l Force rod
| I s, t T*-l. .‘ull"\ 31 = 5 ,‘__*- u Ay < r"_.
.-i L l:u A I--. - W " E: ‘:_i:l o
" N y Al E : TS H10 d) Pressure not ;1ppl|ed
-— O~ — . e € e (Y
0 " . Y Blach S 1 AD®
i .‘f_l'ld |!:I|"] ! :-\‘: I l:ll __I =i
- AR * -"'I. 1‘-; T, — 1™
[ 4 = q a b= lllx
! .:‘ y ¥ ' - ! ‘ o
| 0 L I ] -
— e Wit e [ Laan
\ ]
VA : “F_{_'J'l-:.
' HEDT
=13V adjust
0-10K0
IILHILIHI‘ ﬂ-lu Tl"-u ‘E\I-‘h-l‘i INStrumentation amphiien s used 1o _!gnp,’lr\ Lutpun ol “—__#
the four working struin eapes [see Fig S-18(¢)] -
d"h
bridge. Rgy was selected, after experiment, as 100 k(1. Strain gages were mounted
in strict accordance with the manufacturer's instructions (BLH Elecironics. Inc ) ' .
The calibration procedure for the insirumentaton s as follows Pressure
y 'y . : : : b) Pressure upplied
|- Crain resistors. Select gain setung resistors R (Rs) and R Rol to eive a gain
of 1000 Gain s sel by the rauo of Rs/Re. or 100 kQ/100 ()
2. Offset voltage adjust. With Rs and Rg installed. graund inputs | and 3. Adjust
the 1A s offset voltage por for V, = 0V (see Chaprer 9)
3. Gain measurement. Connect the 5-mV signal from the 150k} and 50-02
voltage divider as £, — £; 1o pins | and 3 Measure Vo, calculate gain =
1|E~‘ — E;]
4. Lerowng the bridge nerwork. Connect £, and £, to pins | and 3 of the [A Ad-
Just Ry, for ¥, = 0V when the gages are nor under strain
|
|
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 Industrial Sensors

e e _ >-2 THEORY AND DESIGN OF PIEZOELECTRIC SENSORS

5-2.1 Single-Element Crystal

' Certain naturally occurring crystalline materiale
display the piezoelectric Phenomenon. Recall from the discussion that a piezoelec-

- t: i.'-\_ | an_ r "3 _- E: d # " L ¥

: i : T Yhit. The: exposed to a changing electrical charge, the physical sha 2 of 1 alli
iezoelectnic structure is the Vernitron Corporation in Bedford, Ohio. FhEll’ l:_radle p | EMEg ¢ . rg he phy hape of h? ‘-fr}f'i‘ﬂ"lﬂf sub-

piezoclec i e L Bimorph. Figiire 5-8 illistrates applications of this stance 1s altered. Piezoelectric materials can also be produced artficially. Table 3.1
ame for this style of ele : : i 5 i 5 - 2 : i 13

nftj”:m;m l\'[:lf.‘ in some products in common use, In the paragraphs that follow lists bﬂllh hurpnan made and naturally OCcurring matenals.

SO MNs clic : . Al I = - r & ' a .

Ol et L applications of piezoelectric transducers and how they. operate. Figure 5-1 shows the natural crystal shapes of the more popular piezoelectic

WE QISC1ES | i d iy e et S

Crystals used. Notice that an axis coordinate System has been assigned 10 each Crystal
shape. The z-axis is the longitudinal axis in each case (2ithough in the case of tha
lithium sulfate crystal, it is somewhat difficult to ascertain which is the longitudina]
axis; notice that the z-axis in this case i parallel to the lines of intersection of the
surfaces comprising the crystal’s sides). The x and y axes can only be identified from
the shape of the crystal and are therefore not as €asily determined as the z-axis
Figure 5-2 shows how a prezoelectric crystal can be fitted with an electrode
plate on opposite faces so that a crystal can accommodate and respond to a particular
stress direction. In addition_ the Qutput sensitivity of the crystal can be enhanced for
_ certain directions merely by altering the crystal housing’s design to allow it to move
Smt : in that direction, as shown in Figure 5-3. Therefore, in reality, there are only two

(5-3 APPLICATIONS OF THE PIEZOELECTRIC TRANSDUCER

o P T
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Figure 5-1  Natural crysial shapes of piczoelectng substances
phonograph Cartridge

Figure 58 Bimorph erystals
Division, Bedford, OH J
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(Courtesy of Morgan Matroe, Ine., Vernitron modes of deformation associated with a piezoelectnc crystal: shear and compress:

(or tension).




The crvstal can be identified by the type of cut that has been quu with 4 CF}"SIHI
slab cutter. These cutters are designed for cutting very hard crystalline m.’iltenaﬁl_s. and
are usually impregnated with diamonds or other extremely tough “'f’d"?ﬂ*’:’“am
cuttine material. When a cut has been made through a crystal, resulting in a slab
whose two major surfaces are perpendicular to, say, the y-axis, 1L1s called a y-cur
crvstal. The other axes cuts are identified in a similar manner. It is also possible to
cut slabs at anoles other than perpendicular to an axis. The angle of cut has a
sienificant effect on the crystal's behavior as a piezoelectric sensor, and crystal
manufacturers have spent much time researching this effect. :

The type of cut made in a certain crystal also has a dramz_mc effect on the
crystal's output. For instance, a y-cut made from lithium sulfate has a very strong
thickness expansion characteristic. An x-cut made from Rochelle salts has one of the
highest outputs known,

In the case of PZT (lead zirconate-banum titanate) or “'‘ceramic™ crystals, the

axes used for posinoning and location information are determined by a means
somewhat different from that described above. These axes are found by the direction
of a dc polanzing field used to polarize the ceramic element after manufacture. This
process is called poling. The poling direction 1s determined by the application of a
high dc voltage dunng the crystal's manufacture. This direction goes from plus to
minus on the polanzer’s electrodes. Once polarized, the axes are identified. usually
by 38 numbenng system rather than by letters, so that we have axis 1, axis 2, axis 3,
and so on. The directions of the applied stress and the polanzation axis are referred
to as the mode of the ceramic material. The mode is described by the numbered axes.
For instance, referring to Figure 5-4, if the polanzation direction were along axis 3
and the stress axis were along axis 1, the ceramic material would be operating as a
mode 31 type (the first digit referring to the polanzing field or poling direction, the
second digit to the stress direction).

It 1s interesting to note that when an applied dc voltage has the same polanty
as that used for creating the poling direction, the element expands in the poling
direction and contracts along the perpendicular axes. This is illustrated in Fig-
ure 3-3(a). However, when a force in tension is applied in the same direction as the
polanzing field in this ceramic crystal, the output voltage generated by the crystal
has a polarity which is opposite that of the original polarizing voltage [Figure 5-5-[_1:'1].
On the other hand, when a signal voltage is applied to an axis perpendicular to the
poling voltage axis, sheanng takes place within the crystal element, as shown in
ﬁgure 5-5(b). The direction of shear is determined by the applied voltage's polarity.
Figure 5-5 also shows the relationships between other combinations of poling direc-
tions and applied force directions. Also, equations are given showing the mathemat-
ical relationships among these variables. Single-crystal slabs that are placed between
electrodes as implied in Figure 5-5 are referred to as sandwiched crystals.

We have ‘reftrred ta the piezoelectric element’s electrodes several times but
have not described how these electrodes are constructed. In the case of the older
quartz crystals these electrodes were nothing more than plates of copper that were
SPﬂﬁs*l*J%dEd S0 3s 10 press against opposite sides of the crystal’s body. In the case
of SylAne crystals ’ihf_ electrodes are either plated or spraved onto the crystal
element’s body. Graphite and copper are two commonly used materials.

(C) n.ui‘ ¥ JT'

MOTOR

EXYPANSION Oom

-

= = CONTRALT Ow
DIRECT AT« vayy
T=AT ll“' 1' fsat .
Taaw ; TReasvERsE
L e W o AL Kw. v

il *

(OUATEMT Oreg MALWTesgy
DALY RISHYOF Caiupy em e
ATL AT ol RSl eT amg
I=iww Cn S awing

(i

GCENERATOR

I

!

1|

FEBLLLEL
CLMFRESTIOn
OR TEWSICH

|

(¥ ]

'F=Il

A

T
N —
=

L.

TRANEVEASE
COHPFREST N
CR TENTION

TRANSVEASE
IWEANR

o _F
— W —
=

P <
— | o @ RESN
= | B

w i
L r 7w LB

| lli

Figure5-5 Generator and motor modes of a “sandwiched" erystal showing applied
forces and voltages and poling directians. (Courtesy of Sensors, North American
Technology, Inc., Peterborough, NH, from the article, “Piazoelectnc design fotes.”
by Piezo Electric Products, Inc.. March 1984, pp. 20-27.) '

L

-




Example S-1

: ;antilevered senes-connected ceramic

Calculate the amount of voltage generated with a Lm{ildtmd'?hr“:oic applied to the
J*LLI of ﬂ':cl:nf:ﬁi 3 mm, length 5 mm, and width _-_El.mm e h no associated

b I"'1'1 tht's crystal is § N. The force is a direct force, wit ot T

< Lﬂmgm'l Eap_i"iicd one time only. The transverse voltage coefficient, gj;,

frequency; it is apy : )

—11,1 % 107 V-m/N.

' stal in its ge ode, we
luti since we are working with a cantilevered crystal in its gcne.rat_ﬂrlm de M
: b b e (=3 - - . o
Si} uutﬂnﬁzurc >-0 and find that part (a) seems to depict the crystal description we
refer to Figure 5 . 2 . | :
warking with. Using the equation alongside the diagram, we ge

3 FL:EJ‘.

i3 (5-1)
2 WT

Inserting the values given in the problem, we get

Example 5-2

What would the output voltage be if the crystal in Examp_icq 3-1 were used In =
parallel-connzcted circuit rather than a2 sénes-connected circuit

Solution: We will now use Figure 5-6(b) instead of part {a.] for
and will conseguently usz part (b)’s equation to calculate V

4 WT

Our system analysis,

We see that

L the output 15 only approximately one-half as much zs the output in Ex-
ample 5-1.

Example 5.3

s1on plates), that the force ic applied in the sa

that both are along axis 3 (i.e., the Y-axis), The direct voltage coefficient, £33, 15
26.1 x 107 V-m/N.

Solution: Since we are working again with a Crystal in its generator mode. but now
sandwiched, we refer 1o Figure 5-5 and find that part (c) seems to describe the crystal
design we are dcaling with here. Therefore, we fearrange this equation to solve for the
voltage, ¥:

v =tEnT (5-3)
LW
Inserting our known given values - we get

ta 550°C. It is important
the crystal in a given tran
operating temperature |

electric sensor is its cha
cteristic can be see '
pical crystal Output condition.
utput will be observed. Because |

means of the current. I, through 3 vanation of Ohm's

pedance. A hint of this chara
qualitative inspection of sorts of a ty
Voltage output, very little current o
and voltage. £ are related by
law, that is.

racteristically

&N
Il

E
7 (5-4)

small /, a rather larpe impedance.
is high-impedance signal from the
ave an impedance that matches the
o obtain maximum signal transfer. Unfununalel}-.
form of coaxia] cable, suffers from a condition called
This is a condition unique to this type of cable. Because of the

use of the possibility of relative

nal cable, the cable itself must h
crystal’s impedance in order

high-impedance cable, in the
triboelectric noise.
dielectric material

motion existing between the cable’
charges may easily

ibration or
ibrational frequency range for

S a result, particular care must

nis. A particularly troublesome v

these cables Seems to be below about 20 0or30 Hz. A

be used in selecting a low-noise high-impedance cab
Piezoelectric crystals are readily affected by
any piezoelectric materia

4 sufficiently high temperature. The temperatur

piezoelectric quality islost is called the Curie poine.
3, bears repeating h '

which concerned

substance types liste
3-2, the range of C
to be able to identify
sducer design so that
Imitations are.

As can be seen in Table urie point temperatures is from 45

the Curie point (emperature value for
You have some idea what its maximum

TABLE 5-2 CURIE FOINTS FOR CERTAIN
PIEZOELECTRIC MATERIALS

Material Cune point temp. (°C)
ADP 120
PZT 300
Quariz 550
Rochelle salre 45

Crystals are #ffected by tem
oscillation 1s directly related to

Perature in another way, t0o. Th

eir frequency of
lemperature.




In the case of a vibrating object, we are describing whall usually ::f:rnsists of rapid
and cyclic changes in the object’s velocity direction. That is, the object _ﬁrst hea*_ds
in one direction, then travels in the opposite direction. These reversals in \'E!DFII}'
direction imply that for an instant, the velocity of the object frlmpf. to zero. The Dbjf:':(:l
then reassumes a velocity value, but in the opposite direction. These velocity
reversals represent changes in velocity that produce acceleration.

To distinguish between acceleration of the type just described and the accel-
eration produced by a change in velocity while traveling in one direction only
(probably the more familiar type of acceleration), we will refer to the latter as linear
acceleration.

Figure 5-19 represents a simplified view of how a piezoelectric accelerometer
operates. The foree shown in this illustration can be a “‘created” force. That IS, It
¢an be created by a mass, called a seismic mass, that reacts to acceleration. If that

acceleration changes [1.e., @(ma) assumes a value over a change in time, d(t)], the
crystal produces an output response. Just such an dftangement is depicted in Figure
3-20, where we see a seismic mass attached to a piezoslectric Crystal inside a cylinder
containment. In one example we see the SEISMIC mass riding on the crystal slab.
causing compression. In the other €xample the seismic mass is attached to the crystal
>0 as 1o produce shear. In either case. any change in the acceleration of the mass
will produce an Quiput at the crystal's terminals. Keep in mind. though, that what
IS being said here conceming acceleration has to do with the acceleration produced
Oy vibration or shock. not with linear acceleration.

PIEZBELECTRIC (CRYSTALY MATERIAL

Figure 5-19 How = simple erysial accelerometer functions

—_——

Temperature range: “—40 to +100°C."" The lemperature range is the range of

temperatures within which the transducer has been designed 1o Operate with-
out producing unanticipated results.

Sensitivity versus temperature effect: *‘less than 0.1%FC." Since lemperature
does affect the behavior of most transducer devices, this figure indicates to
what degree the transducer’s output/input is affected

Power requirements- “12 1025 Vdcat4d mA, max.” This transducer requires
a dc power source that can supply dc voltage anywhere between 12 and 5V,

This power source, should it be able to supply 25V, must also be able to have
4 current capacity of at least 4 mA

Physical configurations

Figure 5-21 shows 3 typical configuration for an accelerometer. The transducer
housing is usually circular in shape and is often constructed of stainless steal. The
container itselfis usually hermetically sealed 1o Prevent contaminants from entering,

VAarious categories are usually defined by a national standardization Organization.
The accelerometer casing 1s usually supplied with a connector containing pipe

threads for attachment to metal conduit. This is an electrical safety requirement

ton, TX.)

to prevent exposed wires from occurring in industrial applications. The wires are

for supplying power to the transducer and for conducting the output signal from

the transducer to an instrument Or processing center. I is often: poss__.i,blts ta spccnfy
some other connector style if the transducer is needed for other than 1ndustnal
applications.
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Characteristics of Standard I'hermocouple Types
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/'Type 4. General purpose probe
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High temperature industrial ceramic
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This is an installation problasm where
lead i1dentification results
at the thermocouple head or/and at

incarrect thermocoupls and

the lead connections to the
back of the instrument.
(a) +For single reversal .
at the thermocouple head OR lead connections
tao the back aof the instrument
(b)) for double reversal

at the thermocouple hsad AN

AND lead
connections to the back of t©

e instrumentc

The double reversal
indicate high ar

will cause the "installed" instrument to
low after being correctly calibrated.

A sinagle reversal will cause the pointer to drive downscale with

increasing temperature.

To check for reversal at the instrument disconnect the lzads at
the thermocouplehead.
+orm a junction. Application of heat at this junction should
drive the instrument pointer upscale 1f lead connections are

correct.

in polarity reversal of cannecticns ~-

Join/hocld/twist the lead ends together to

s= |2y r=TES




AsSIGOMENT

Thermocouple tables -

The thermocouple tables simply give the voltage that rf:sults‘ for a pa-rticuiar Lype
of thermocouple when the reference junctions are at a pamc_uiiar rerr:rcncfe tem-
psrature, and the measurement junction is at a temperature of interest. R?IEﬁ'llng
to the tables, for example, we see that for a type J thermocouple at 210°C with

a 0°C reference, the voltage is
V210°C) = 11.3d mV (type I, 0°C ref.)

Conversely, if we measured a voltage of 4.768 mV with a type S and a 0°C ref-
erence, we find from the table

T(4.768 mV) = S55°C (tvpe S, 0°C ref))

]
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S, the measured voltage does not fall exactly on a table value as in
e. When this happens, it is necessary to inrerpolate between table values
that bracket the desired value. In general, the value of temperature can be found

using the following interpolation equation:

T T T:
.T_’.{ — TL - [ L h]{'ﬁ..q - itJ (2.14)

Ve = WV,

The measured voltage V), lies between a higher voltage V;; and a lower voltage
Ve. which are in the tables. The lemperatures corresponding to these voltages
are Ty and T, respectively, as shown in Example 4.10.

Example 4.10

A voltage of 23.72 mV is measured Wilh & type K thermocouple (TC) at a 0°C ref-

crence. Find the temperature of the measurement junction.

Solution From the table we find that V,, = 23.7> lies between V, = 23 63 mV and

Vg = 3334 mV u_'ith corresponding Lt@pﬂr&turcs of T, = 570°C and T'w = 375°C.
respecuively, The junction lemperature is found from Equation (4. [4).

' 'r-td't

The reverse situation, although not as common in praclice, may accur w hen
the voltage for a particular lemperature Ty,, which is not in the table, is desired
Again, an interpolation equation can be used, such as

Vi = V
Var = Vi + |: z LJfT_u =

T = T, (4. 15)

where all terms are as defined for Equation (4.14).

Example 4.11

Find the voltage of a type J TC with a 0°C reference if the junction temperature is
- 172°C.

Solution We do not let the signs bother us but merely apply the interpolation relation
directly. From the tables, we see that the junction [emperature lies hetween a high

(algebraically) T, = —170°C and a low Ty = —175°C. The corresponding voltages
are Vg = —7.12mV, ¥V, = —727 mV. The TC voltage will be

14,13

Change of table reference

It has already been pointed cut that thermocouple tables are prepared for a par-
ticular junction temperature. It is possible to use these tables with a thermocouple
(T'C) that has a different reference lemperature by an appropriate shift in the 1able
scale. The key point to remember is that the voltage is proportional 1o the dif-
ference between the reference and measurement junction temperature. Thus, if
a new reference 1s greater than the table reference, all voltages of the table will
be less for this TC. The amount less will be just the voltage of the new reference
as found on the table. Perhaps a few examples are in order here. Suppose weg
have a type J TC with a 30°C reference. On the 0°C reference table, a type J at
30°C will produce 1.54 mV. This means that any lemperature with this TC will
generate a voltage 1.54 mV less than those in the table. Thus, referring to the
table

400°C resultsin V = 2[.85 — 1.54 = 2031 mV (type J, 30°C)

L o ==
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.98 mV (type K, 0'C ref)

)

26"

Vi

Thus, every voltage on the table must be increased by 0,98 mV. so

400°C results in V

150°C results in )
S0°C results in vV

LT Tl L L
LAETE IF'eea“g%w ShT=)
FLI*Ns  Lap se eEleg
L% “1® ¥ep*es Lt
R IATE Mg =% g
TR L™ T TR L LAEp
AM9*%n  Faw*we  @Eajug
TH o LU T L L 14
SfaYLw LFE" %™ aLfne)
slL"Le TEv "4+ wid*1
Wmi™iy #0k*te Lo bl
L8] *ws AP =ww can=j
LY s gaf®wa aNe* g
D ey W oiav
LIa %] EPL L™ T
el ey ey =t
AT gTe*La bl
Bi= I Tue"Ty  pree]
w0 "I Seplns e |
ME e FCwin SIA=|
EL"1n AN jw 2y
PIa"3s gig e ol s
Sahe LS TS = 3"
I8y Sag e oy
I "8 & T ¢ S
Y AT PIE~ad i
LT Ta"wd -
EEETL R L Sa 0 .y
¥I*"®i- TI1°mt “ln
"Ll wrpvin Cle
Pl Sretan ==
T e VWL =48
L sl it "l W
BT g ire*wi =it
FLL"%L ®IL"cE =
-0l Uiy “la*CiL cir
&wE%[ 0" i
ivf*»f [roc"wi e
LT e L YRl T} =Sy |
L2U™CL we~ig =11 ]
MECE dsr it Sl
LS4=T Lo g ot “hd
MY If CCe M =1 ¥
" e I oc=g"r SL
SLY*IC ATe"Ig =
..'_ﬁu.._-._-.ﬁ ltﬂflr - »
b At =
e S TR, Cws
s i gegTog o
LogE e "al -5 1]
EFR"8d e el olz
SEV AT gricas - =¥
154°9F po:=sT %Y
MELTET surcpl 2EY
ALY LwegUil =i%
< L CwwT sl =
Wi rreviy 4
F 3 e o TR ¥ g o
FIT*82 wiy=wr <4
! a4 Tl = |
&S LIpCer Zin
el I2i™eT el
——
- # 3
Fa s LIl wE il

S —

ITESE VeL ST EYIST saf-tr ISiTRE STiecE T L T ot =
FRACSE  #84%%2  JIB™ST w)i*er WHi"32 AR sE FuRies SONTNE IS alstel (wreteg  wat
SERLTE vEstnl adSE WeptST  WR1al QRITSE  IFESE Bitree PINTRE Lawtsr matel e
SSEIAD WMoral  LnaCRZ (eaTi! SRECEr LINCTY taicdT reiet MILTIF sewey) sre®id sab
SretOE Fel 02 BEETCOF IanwteT MEETEE TIxtLr aWicld SIS SEIE ATy Wi~ v
SRITHE WORRZ 00IALr Baeciv WiDUNT  SEASTL ERATEE WAt (L shecpy SIS <
A RL aritee «wvtIr veRtRr (GNPl MARRE WINCEZ  LinciE ISF 6 AN TEF pmTid el
YHLTEE UDCCER O OARCKT SRECIE O SU3TRY  fircre ISR IVECLY YN Pt T b S TS
RIGTNE  BLR°tF MCENE JRi"3F A%I“IT Wi 0T EWREIE IENCEE SINCNE LERME Rt iR LR
(821F S5*iC 9% (0 sau*12 Peivyr SELCLE S LLTHIE emiCNE TGy R MELREE et s
WIDOIT 0TI kARl MAcOT YeEteT CRRTET VTECer WMoY L30°3F ieveaa WetE l e
DOl mARCCT  LLCTET  Fancsy Siv"ay 1I*02 S el Fei-dp AALADE GNP ENT  wirTEs 2aw
TP R i1 00 wcyede waprap RETAL Teds meetel  wisxd ELE%sY M0l wmpcan L.
ERLTAT  ¥vicaAT FULMT IWVTel  BIRR1  SIC4Y £ sl casnl swe Bl LuNTEE  ISE-ar Biw
CPL 41 O24°AY MifRr <Hif'ar f£41°s} SEITal  WONCAY AWE4l  {297ar  Beet91 FacTl a9
PEATOL Taeter S5Rtar OYETHi $VLEY  £Z4CHT £ERONL.  pwecsl BESTE) NSETEY Ficet g
CISSST Sl 81 wis="g1 cwr-p1 O gt TCES88  SLT"q ®IZ4} Gur*WL  pweay satsy Py
IURTRT  ROCEl  SIAYNL UeaTit slsCad VLOTLL N LL  PRCTEY  aegcir p3cesy Wil e
FEYOEY LIITRT OWSTLN SNSTET  CasT)l CEVELS  EIs i} MICTLY WZETLN WRZ A NezTil  gvy
YLl saYI) WETUL wIRtLl ZBStiT sEOSLT  18e 93 EYECNT 18T DWISRL BERCEE e
SENTIT S10"%) TM4U9L 1R TY  svecaT  spwews SIEIRY  RINCRL cEecwl R gaveel S5
ALTAT  CCETRT  AIECNE mvETRL SEEew1 TRITWL ANECWE oUITYT 3RRSOY- wvmves Tiats5t i
SMATET  N0e”LE 4RFU4T  (ed-E)  cORTCY LFEST  ITL"6f adv*45) wav-5i s il IEC £ T
FRECSE S1CCV wvs"EY w¥Ee"Ci vyt ¢q v "l OSC"CT wsZ*eT  wip-43 YERTEE EgiTee i
TEIS]  2al°ET #%D<CT ®20°LT 8§ st LI ]l DR w1 SCH*T Sai"wy =giesg Ela=+1 o
FIE~wE  Bge sN]  @Id-wi ol et LRI FSCYY Setw]  pletw) BLI""1 | wEL=~y LarT=y 174
PRI SRTTeI #OETAY E91%wS  CPTSet RS Wl 1w vl sas"il iGe"(} C18°61 =il seg
ARTET  PRecLY sefcut Weivin e L T Y ERSTEY a0l pewrid E L M
PENSET  SIn"ET  ZECCL  SeCoST  sIregE IwEET  SBI"CY  wwI=41 Priegy SES°L1 41901 an
$EO°CT  fascf1 CCRZT  ela'Zl TiwcrT TEB"20 @ML"TT  pwiZ1 w21 ettt L ¥4 5 ¢ BT
CEW ZY w21 ECCYry BA=TET WEY*FI CiwTIg LL=2T riL-ra ReINEL el corer =
L02°FY WITTY CPITPY 80 IY  IeecrY  oeneri SESCIT  MEATE AuwtT  cAeeag SALIL ey
(8I*TR PCE 01 BUL*11 E9s 37 BERRIT  S0CIE wwtelY w53 L¥»=l: JTEe*31 L A LT
ITE I sxg=m1 sar=y LEIAY  S12%i% giIcMn MI®IT AP 1! pgzein TN smpvar T
BN 2! 226 ST LescO] hete - BN <= L1-% ERTLY T STL"ST ZEV'IT  1es=31 Co - T S
SPETET  eILTSr WUsBY (w21 weg gl FRETET  RNLCSY wiffBr fEreoT "8y reyesr G
IST™8T  yrr=St uS-gr srpctos Lke"g "y [2a"s iTM*s 3Ty W% cCwg-
L%

sel*n =TT ha b BF LT % ol L€ 4 (] iet~a ot b ¥4 A Tst"s ivi g “M“
I~ == o'} ™I*s SrE=a 1% til~% LA s Fedt g LhE o T T Lie % azr
ka=n i 31 A ] LIN*y LLL*y LEL*W L&%*s L9 a EIF"ER L4070 pigcm "I
LEC*w iaw*d ey Yiw*p Sil™n ¥E'F  %wI"s  wcrcw Vir*s  Gqttw 1g3» e
iXT"s Y- A | LEC"p L1sy LLa*g (e 841 a4 i%F=g Cis~; Leg=s LEL"L ="
c€i=y 25 Y L L MLE=s ETL Fhep S Ll L IR BLL™y oaT
FlL"L  gareg; s€E"L are*i REI"E 1%L  ssg-g L= BISL  mi&*¥  spg-w 8 |
tig=w EAF " LEL=y alm n &ii=w LW =P LS A L 53 o | BT~ W vES™Y ~%
sLE™y 4TS gEw % aln g Eig=9 i L] i L=t ] EII™®  L41°% i41*% =51
L(El=% Loy LFO~¥ i 1 -5 ] Yia*g ey T wEE"S L5 b il 1 g =livc | P

- - " - - .l.- .ﬁ .l.;
LY Gt 4 Can"g v 11%°% LF 5 2l 4 14 % - L L il 2 il ¢ ritg L2 on“
LTi*% AEZTL L et =ree Tl g i 1l 4 e el Teo~g i el ig"y -4 ]
Ia=y irp=» Lid=» Tl w TEL" L Tl fLv=» € A ] Erse It @
PSL " 25w=w *iwey T vt £ L7 Ak STE"w Bi1% iS1TY SagTe - L]
SY=P  WS0°r 210%™ Ji4“C o€ awmec YR GUTL we°t IPies e
- - - - .' F
SEETL afetf s #i=r kot e - o S —om-a iy ¢ -“ﬂ-a wﬂ
o Y zeg (Wi=g R =il s =<0t W 1L HA"C  [E8"Z Taz*T TeR°r 2
smn-+ T L%~ TLLT e I {we=Z iee=¢ Hal Tt L A 4 diw=y el £
er-L i Lel=7 4 § SLI™T = L) ¥ai=gr =T % gt 4 et o iy
o b Taa=3 i ] L% B | LTE"1 L ¥ A | wii*1 fan-1 TEA"
»- - -y - - " -“.
ITe={ - TE b | ez Levr] i T i~y 4 | 7 [ 4 1 L ¥l f umn.“ m”
car-y g el TTit iso"3 1sg=) ol | 3 Tt sla~c 2 " i"a :

- ¥ - -~ - - z.‘ - =- .U E -~ ‘.ﬂ
rnh.” T RiL=2 Liv=g LiEwTg isg”C i%t=2 150 Liw=D Liv g LAETS o1
Y - LEL"Z t1L=g L% ¥izTp 59 ol - il (Y £ R it~ IS  oguep -

TiM TV Tibotey w1 v DB 2T O e 2
=} [ & £ L - » i s H w P )

3@ iy woyitere IRFEEiE:

Tireal =

..r.l-

Ab I SIENTI0 w1 CIetivedeeds

mu‘.na.n.u_._uihwtb-iruﬁrr -

L
%

v oF TC voltage versus lemperature along the

age at the reference being used. This is shown

sliding the curves

[n effect, we are
lemperature axis to i

IVe a zero voll

A5 1 the Previous examples, are not exact because

1 Figure 410, The shifts made

I-r
L]

-
&
-
-
-
=~
e

TC conection voltage

Hs

J
B4

Ha

0

!mnhmnuulﬁu

vallage must be np

II -.r! "Ti. g

changed. a correction

M

AL indyrs 21

Gl garrecthion o)

C and the aetual reference |

L

—3F

— )

wl e

.I.Ir

] s

il e

. o

=

m. -

~ T TS

- o .

= =T
—

LT

13— -

-l

- e

. -

S3 E

== -

_— =

of the metallic thermoe

iure exists betwe

lectie canstants. If u

en the table re

curacies will probab|

€ On temperature

of the dependen

ference [emper-

Y exjst

sed, e

in empery
ce being u

fference |

[

ature and the referen

very large «



from Maloney "Devices & Systems”

p464-p4655 : |

Brief circulr explanation

= o e |:
Figure 12 4a is the set point . temperature detection end error signal pre amplifier |

Figure 12.4b is the valve position control circuitry which includes the proportional and ;“ L r ‘ 1
integral control of the process, & | j 0 3 :
Figure 12.4a : g F C | i3i| 2@
. The temperatiure detection s via the thermocouple T/C, _ j = =r= & =
. The eet point of the control is determined by the position of the pot P1. P1 i | 2 fEe = 3 2
the dial controlled by the operator. | . . =63
o The wheatstope bridge 15 initially balanced when the voltages at the top of RS ==
& R3 are equal. The error value can be provided by the variation in the gef = =
point and the output of the T/C' Once the get point is established the =2
thermocouple is the mtomatic wput contro| error. | =2
. Trensistors Q7 & Q8 for Part of zn astable oscillator. The output from Q7 is 2g
used to chop the error signal into a square wave via the FET Q1. g {/ o =
. The transistor Q2 Q3 & Q4 amplify the error signal =
. The FET QS is used to remove the positive or negative depending on the error S
signal polarity, 55
. The amplified error signal 1s fed into the valve position contro]. Figure 12.4b : i:é
E o
Flgure 12.4p e a2 . 8
FEA =RES 3Eg
. Op-Amp 1 is & summing amplifier. It sums the proportional control (feedback N\ s 2 .- F
from the valye position indicator pot P6) , Integral control (reset control which = v"‘\_‘ &= o
returns the procegg completely to the get value) and the amplified error signal i&;" = E ;
from the thermocouple contro] circuit )1 s
. OP-Amp 2 is a nop inverting emplifier fo the output gtage. - £ 2=
£85
. Op-Amp3 IS an mlegrator (1t converts g Square wave intg a ramp ) ;’;‘% =
Up-Ampd is an inverier




Monolithic Thermocouple Amplifier

(: ANALOG ,
DEVICES with Cold Junction Compensation
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Winding 1

AD594*/AD595*

FEATURES
Pretrimmed for Type J (AD534) or

Type K (AD535) Thermocouples
Can Be Used with Type T Tharmu:uupla inputs
Low Impedance Voltage Output: 10mVre
Built-In lea Point Compensation
Wide Power Supply Range: +5V 1o = 15v
Low Power: <1mw typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Set-Point Mode Operation
Self-Contained Celsius Thermometer Operation
High Impadance Differantial Input

FRODUCT DESCRIPTION
The ADS94/ADS95 |s 3 complete instrumentation amplifier and
thermocouple cold junction compensator og 3 monolithic chip.

It combines an ice point reference with 2 precalibrated amplifier

« produce a high level (10mV/7*C) ourpur directly from a ther-

~ mocouple signal, Pin-strapping options allow it to be used as 3

linear amplifier-compensator or as 3 switched ourput Sel-point
controller using either fixed or femole set-point control. It can
be used to amplify its compensitian voltage directly, thereby
COnVerting it to a stand-alone Celsius transducer with a low-1m-
pedance voltage outpur.

The AD594/ADS9S includes a2 Thermocouple Failure Alarm
that indicates if one or both thermocouple leads become open.
The alarm Outpur has a flexible formag which includes TTL
dnive capability.

The ADS94/ADS95 can be powered [rom a single ended supply
(1 i uding a negative supply, temperatures
below 0°C can be measyred. To minimizc:-clfvhar.ing, an unioaded
ADS94/ADS9S5 will typically operate with a toral supply curren

of 160pA, bur is also capable of delivering in excess of < SmA
10 a load.

The ADS%4 is precalibrated by laser wafer rimming 10 match
the charactensuc of type | (iron
the ADS95 is Licer tnmmed for

calibrated for other thermocouple types by the addition of rwo
or three resistors, These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

l'}wuc:m by LS. Patent No, 4,029,974,

ADSM/ADS95 BLOCK DIAGRAM

=AW Y e o L2 |

L =
R =, . T oap
- OfrieT
-
ADSSs/aD 53%

The ADSS/ADISES is availzble in reo performance grades. The
C and the A versions have calibratioe accuracies of =1°C ard
=3'C, (eSpecuvely. Both are designed 1o be wied from 0
+30°C, and are available in 5 15-pin, hermeteally saled, nde-
brazed ceramic DIP

PRODUCT HIGHLIGHTS

3
-

3.

The ADSS/ADSSS provides cold juncting SOmpensiton,
amplification, and an Quiput buffer in a single IC package.

- Compensaton, zero, and scale factor are all precalibrated by

laser wafer trimming (LWT) of each (C chip.

Flexible pinour provides for operation as 3 R{-pomnt controller
Or 2 stand-alone temperature transdycer calibrared in degress
Celgus,

- Operavon at remore application sites is facilitared by low

quiescent current and 2 wide supply voltage range of =5V o
dual supplies spanning 30V

. Differenual inpur rejects tommon-mode noise voltage on the

thermocouple leads.
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Table I Du[pur Varrqge V5. Therma-caufle Tempear-
4 15V)

ature (Ambienr + 25

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve & temperarure propartonal output of 10mV~C and
accurately compensate for the reference junction over the rated
operaung range of the circuir, the ADSS¥ADSS is gain tnmmed
to match the transfer charactensuc of | and K type thermocouples
ar 25°C. For a type J ourput in this temperature range the TC is
51.70uVAC, while for 2 rype K it is 40.44uV/°C. The resulting
gain for the ADS% is 193.4 (10mV/C divided by S1.7uVPC)
and for the AD395 is 247.3 (10mV/°C divided by 40.44pV/ Q).
Lo addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16pV for the AD5%4 and
1V for the AD595. This offser arises because the ADS94/ADSSS
: A5 trimmied for a 250r0V output while applying 1 25°C thermocouple

| IE".’!I.Il.'..

Because a thermocouple outpur voltage is nonlinear with respect
(0 temperature, and the ADSS/ADS9S linearly amplifies the
compensated signal, the following transfer functions should be
used to determioe the acrual output voltages:

Vs

ADS%™ output = (Type | Voltage + 16uV) x 193.4

=BV

ADS59S output = (Type K Vaoltage + 11uV) < 2473

or conversaly:

Type ] voltage = (ADS% output / 193.4) - 15pV
Type K voltage = (ADS95 output / 247.3) — 11pV

Table I above lists the ideal ADSS/ADSS ourput voltagss 25 a
function of Celsius temperarure for type ] and K ANSI suandard
thermocouples, with the package and reference juaction at 25°C.
As is normally the case, these ourputs are subject 1o calibraoon,
gan and temperature seasinvity errors. Quipur values for wmies-
mediate temperatures can be interpolated, or calculated using
the outpul equations and ANSI thermocouple voltage tables
referred 1o zero degrecs Celsius. Due 10 & slight vamation in
alloy content berween ANSI type | and DIN FE-CuUNI ther-
mocouples Table I'should not be used in conjunction with Eure-
pven previously and a DIN thermocouple table should be used:
ANSI type K aod DIN NICR-NI thermocouples are composed
of idenucal alloys and exhibit similar behavior. The upper tem-
perdture Limuts in Table | are those recommended for rype | and
rype K thermocouples by the majority of vendors.
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SINGLE AND DUAL SUPPLY CONNECTIONS ']"HERMU-CDUPLE_ CONNECTIONS l
The ADSS&/ADSSS is a completely self-contuined thermocouple  The isothermal lernunaung connections of a pair of lhfm“‘-"-'“-'?"r
: e 3 : : ' 0y . . This junction must C ;
canditioner. U a le + 5V supply the ioterconnections wires forms an cffective reference juncuon . ; ' . |
shiveni i Figure 1 veill provide & dites oitpus oo & type J be kepl at the same temperature as the ADS94/ADS95 for the ™ iﬂﬁ‘ﬁfk{;fmi";f?cf:ﬁ‘i““ ths difference signal 0 2 e ALIBRATION PRINCIPLES AND LIMITATIONS
thermocouple (ADS™) or tvpe K thermocouple (AD595) meas- mternal cold junction compensation (o be elfecuve. R id.mn'ml B e aﬁihmg:t{:ﬂﬁi t:';:;cl:; Hﬁijlcc p-:-::lul;:-:imp?muan nerwork of the ADS9/ADSSS
SR _ - _ 5\ , t roduces a rential al wh i
uring from 0 10 + 300°C. . A method that provides for thermal equilibrium is the printed must be applied to the right-hand differeatial amplifier will fu the uu:putlu:an ice r:f;m:dlf:::zia :I ;J Ermn: e
TN TN crcwit board connection layout illustrated in Figure 3 precisely march the thermocouple input signal when the difference of the chip. The positive TC outpur 01" lhncisi:cm'l 2 lemperature
L | 3 i T
TALLIATL) A ] e s ) signal has been n:.ductdl 10 zero. The feedback network is tnmmed 0 Kelvin temperature and 3ppears as 3 voliage ay *?Eu;rﬂw
== =y ¢ 50 that the effective b the output, at pins 8 and 9, results possible to decrease this signal by loading 11 with a2 ressstor from
.‘BS!M "::',_,l in 2 volage of 10mV~C of thermocouple excitatian. +T to COM, cor InCrease i with a pull-up resistor from = T o
5 m555r' L- _ In additon 1o the feedback signal, a cold juncrion compensation the larger positive TC voltage at +C. Note thar adjustments o
. r;?‘_: ~ I“__T 1 voltage is applied 1o the right-hand differenrial amplifier. The =T should be made by measunng 1he voltage which tracks it ar
: B 1D O i =i, €ompensation is a differential volisge proportional to the Celsius ~ T To avoid desubilizing the feedback amplifier the measuring
: | N == - temperature of the ADS94/ADS95. This signal disturbs the instrument should be isolated by a few thousand ohms m seres
R R ol differcatial input so thar the amplifier Output must adjust ro with the lead connecred 1o ~T.
' : restore the input to equal the applied thermocouple voltage.
: The compensation is applied through the gain scalin E resistors
SONMON 50 that its effect on the main output is also 10mV/C. As 2 result,
rigure 1. Basic Connection, Single Supply Operation the compensation voltage adds 10 the effect of the thermocouple
Figure 3. PCB Connections voltage a signal directly proportional to the difference between
Any convenient ly voltage f +5V 10 +30V may be : r
u;:; ::Lh:n;fwh:ii; :.iarxs;-c;:ﬂ: e & luwI::}supp!}' Here the AD594/AD595 package temperature and circuir board 0°C and t]_n: ME}SE-.IJAD.SQ_‘: _lcmperamrt. If the thermocouple
Ir.--:lsl RO Ere munimlzed athe + 5V supply comneers. ¢ thermally contacted in the copper printed circuit board reference junction is maintained ar the ADS594/ADS95 lempera-
- : pi glirauon e Ppiy tracks under pins | and 14. The ref : . L rure, the ourput of the ADS594/AD59S will correspond to the
to pm 11 wath the V— connection ar pin 7 strapped to power pinsland 13. The reference junction is no camposed _ it
*0d signal common ar pin 4. The thermocouple wire inputs of  copper-constantan (or copper-alumel) connestion and ETPPEL: [oadive that would have been obuined from SR . -
- cognect  pins | and 14 either directly from the measurin g kon (or copper<hromel) conaection, both of which are at the signal from a thermocouple referenced to an ice bath, Figure 6. Decreased Sensitivity Adjustment
£ point or through intervening connections of similar thermocouple same (emperature as the ADS94/AD595. The ADS'?#ADSEIS also wcludes an input open circuit detector Changing the pasitive TC Half of the differental autput of the
C ware type. When the alarm output at pin 13 is nor used it should  The printed circuit board layout shown also provides for placement thar switches oo aa alarm transistor. This transistor is actually 3 compensation scheme shifts the zero point away from 0°C. The
o oc connected 1o common or — V. The precalibrated feedhack of optional alarm load resistors, recalibration resistors and 3 surrent-limited output buffer, but can be used Up to the Lmit as 2e10 can be restored by adjusting the current flow into the negative
: Derwork at pin 8 is nied 1o the output ar pin 9 ro provide z Compensinon capacitor to limit bandwidth. - < SWilch :j"“*“““':" for either pull-up or pull-down operation of inpur of the feedback amplifier, the —T pin. A current inta Ls
| /e i 1 ~terich xternal 5 - . e ' .
10mVFC nominal femperature transfer characteristic. To ensure secure bonding the thermocauple wire should be : ; - -’I-I'J:I'l : i gt b-c pmdu;:d .'I-l.Ilh  resssorperncen. 0 a0d) =1;
By using 3 wider ranging dual supply, as shown in Figure 2, the  cleaned 1o femove oxidation prior to soldering. Noncorrosive Th? ¢ Poiat compensation network has voltages available with ‘0 balance an erease 1n +T, or 3 resistor from ~T 0 COM 1o
ADSS4/ADS9S can be interfaced 10 thermocouples measuring rosia flux is effective with iron, constantan, chromel and alumel ' phsiive and SRRaYe e peiature cmfﬁcicrfts. Thm '.'ﬂl.[agcs Cihes N dleceaserin T
both negative and extended positive (emperatures, and the following solders: 95% tin-5% anumony, 95% tin-5% may be used with external resistors to modify the jce L If the compensstion is adjusted substantially to zccommodate 2
D silver or 90% tin-10% lead. ;nmp:nuulnn and recalibrate the ADS94/AD595 as described 1n different thermocouple type, its effect on the final outpur voltage
; € next column. will incresse or decrease in proportion. To restore the nominal
: 1 FUNCTIONAL DESCRIPTI : = : : -
; T"TT“ I l The AD594 behaves like two d:i}grmum anplifen T The feedback resistor is separately pinned out so that its value output to I0mV/"C the gain may be zdjusted 1o match the new
g s L are summed and used 10 contsol 3 hish P ":l-';' i m::p""j €an be padded with a serics resistor, or replaced with an external cempensauon and thermocouple input charcteristics. When
in Figure 4. B Ef-guin amplifier, as showan resistor between pins S and 9. External availability of the feedback reducing the compensation the resistance between = f-ﬂd
resistor allows gain 10 be adjusted, and also permits the ADS94/ COM automanically ncreases the gain to within 0.5% of the _
£ ADS595 1o operate in a switching mode for SeI-poLnt operation. correct value. If a smaller gain is required, however, the nominal
~ SFaN OF S7k(} internal feedback resistor can be paralieled or replaced
\ SRSV CAUTIONS: ‘ . : with an external resistor,
: . The temperature compensation terminals (+C and -C) at pins _ @ , : :
o ' 2 and 6 are provided 1o supply small calibration currents only. Fine clibatoen :d’:imgzju dm]_l A T AL mﬁ::;:
e ] The AD594/AD395 may be permaneatly damaged if they are EsuIEmen - ol SYiess O aSsle accuncy. Maj
ICMROAELS ) unded i reconfigurations for other thermocouple Types can be achieved
: gro or connected to a low impedance. Rt e ar o Arasiisizg tial calibration -
! SOy <1 without senously compromising in 00 3CTUraCY,
: r The ADSS-#:&DSBS s mternally fm“m_ compensated for long as the procedure is done at a fixed temperature using the
T oto =y feedback ratios (corresponding to normal signal gain) of 75 or factory calibrauon s a reference. It should be noted that mter-
more. Ifa lower gain is desired, additional frequency compensation . MRt i * the vse of 2 negative
& ' . > : mediate recalibration conditions may require the tse of a negi
: ‘gure 2. Dual Supply Operation should be added in the form of & 300pF capacitor from pin 10 supply. An example using 3 type E thermocouple and an AD3S5%4
With 3 aegative supply the OUIPNIL can indicate negative . : to lh:‘outpu: at pin 9. As shown m Figure 5 an additional 0.01F is given an the next page.
atures and drive grounded loads or loads returned 1o B LITI D B 3 i & ) W) T 57 Spacitor between pios 10 and 11 s recommended.
:;:118%. Increasing the positive supply from 5V 10 15V extends SV TR A R
< Output voltage range well beyand the 750C lemperature Figure 4. AD5S4/AD595 Block Diagram
Lmut recommended for type J thermocouples (AD594) and the : _ -
1250°C for rype K thermocotples (AD595). In narmal Operauon the main amplifier Cutpur, at pin 9, is -1 B =
o voltages on the thermoninle Sl ~ connected 1o the fccdb:ack_nttyvurk. al pin 8. Thcrmnn:uuplc
within the common-mode range of the AD5S94/ADS9S #% kedigin Signals applied to the floating \Nput stage, at pins | and 14, are ;
eium path provided (or the bias currents, If the thtn;::;::lc amplified by gain G of the differcnial amplifier and are then s

further amplificd by B4 A in the main amplifier, The output
of [,h: main amplifier is fed back 1g 2 sccond differenual suge in
40 wnverung counection. The feedback signal is amplified by
this stage and i #w applied 1o the main amplifice input through |"

i not remotely grounded, then the dortted line connecuons in

Fl._g.'lu:; 1 md Emmmdud. resisior may be peeded in

this eonmection 1o assiire that common mode voltages induced in
the thermocouple loop are not Converied (0 nommal mode
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EXAMPLE; TYPE ¥ RECAL THEATTON « ADAM/ADASS

Hoth the ADSM apid ADSIS gan be conigumed o ocondimon the
ouipral of & tvpe B ohiomel consmnmn ) thermocoupde, Tempei

alure charsglerisnes o e | thermsoooigdes diMer bexs Trom
e 1 than from tvpe K, thsmfore the AV iy preferved G
vl e imn

While muinraining (he device ot a Coaxiant temiporaniire follow
the tovalibesthon tEPw given here. st messire the Jovice
TempIure by ing bolh nputs m conman (O & selecad

CMnIGAH aRade potenaal) and canpecung FU o Vs The AN

O BOw an the stand alone Uk Iarus thermomer g mode. Fow thils

cxanyde assinme the amivent u % and Ehe v ) sutpul Vo is

<40V, Chack the oupul &l Vg o venty thar i corres ands 1o
e tesnperanure of the o LT,

!':n-.'rm. essire the voltage <7 &t pin S with » high impedance
DVM (cspecimnce thoukil be solsted by o few thousand O
N resuiance a1 the moasured terminals) AtMNCihe - T viliage
Wil be about £ imV. To sdjun the compensation of an ADYoY
e e B thermoconple & rexision, R, showld be voanactnd
Niweern + T and + C s 2 and 3, 1o raise the viltage at ~ 1
by the rauo of thermocouple sansiivities, The rato for converting
# e ] device 1o 0 type | vimcteraaie

(| ,u'l\l‘n'uqr -r“'.--\i"_ l IH

Phis, muluply the 1l voltage mesvured ot « T by ¢ and
aapenimenially derermine the R Value required o raise - T 10

L
that hevel. For the fxmpie the now - T voltage should be

:t;;m}q AV The reisiance value MSUI be approximstely
£

=AWV

The rero difforeniul PUREImUM pow be shifred back o 0
Thu 5 seoomplishad by maltplying the oniginal oUIPUL Yol tage
Vo b v and Adiusting (he moasured BUEPUL voltage 1o this value
DY expeamenialh AOGIng » resivtor, R2, between Cand « 17
NS 3 wod & The e SR value 1 thds case showld be :

abouy 28 smy. 1 . ™
MO, he reustancy value of R2 shoukd be Approximately

Finally, the FAD s be recalibrated such that the ougpur '

Wi tes the devioe's Empera e anoe again, Do this tf\- d.jﬂ ;
8 third resaxror, R3, betwoen FR and T, plos 8 and 8 \l'. i
shouid vow be back 1o the inidal 240m\ reading. The .

value of RS shild be APpraximately 280610, The tw*\‘:“‘j‘“““
S o dwwn i Figure 7. An .gp,;!umunmr tmlu:u -
the elfoctivensss of recalibravion i o Messwre | ase
FRE D e utpay. Fog O B ahould be 1640

Bh b
L

e 2 Typre & ﬁ'ﬁ‘l!‘rﬂfll.'t‘ﬂ

When implementing o similar vecalibston procedurs for the
ADAYS the values for R1, R2, RY and r will be Approximately
63U, 8aki), BAKD) and 1,51, respectively. Power consumpo
Wil focrease by about S0% when using the ADSYS with tyype B
TR

Note that during this procedune it s erueial © maintals the
ADSSMADIOS 41 o stable femperaiure bocause 1w used as the
e rtiure relerence, Contace with tingers ot any toals not al
amibient temperature will quickly produce errors Radiatona
heating from & change iy lighting or approach of a soldering
ron must also be guarde! agalist.

USING TYPE T FHERMOCOUPLES Wit THE ADS9S
Because of the similarity of thermal EMFs in the 0 1o $0%
ringe between tvpe K and pe T thermocouples, the ADSoS
can be directly used with both pes of wputs, Within this
amblont rempersture range the ADSOS should exhibit no more
than an sddivonal 025 Outpur calibration error when used
with tvpe 1 inputs. The CITOr arises because the ve point com.
BRI s timmed 1o rvpe K charscteristics at 2% To calculace
the ADSSS ourpur values over the recommended — 204 o 350 C
range fortvpe T thermocouples, umply use the ANS) lhn: I
moacouple voltages referrad 1o 0 and the ourput equation Riven
0N page 3 for the ADSYS. Because of the relauvely large non
Hneanies wssociated with O T thermocouples ihe Sutput wll
deviare widely from the nominal 10mV=C, Howeves y old Jupcoon
ampeasation over the rated 0 W 3T ambient will remain

fTurale
STARILITY OVER TEMPERA TURE
Each AI“‘H ADSOS is tested for error OVEr temperature with
the meayy ring thermocouple ay 0 he combined effects ol

Wd | : . X .
ool CLon MmN tion SO, ““I"llfll‘i oftser Jdnft andd Faip

SO determine the stability of the ADSSPA Do OUPUL over
the raned ambient temperstyre range. Figure § shows an ADSOS
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THERAAL ENVIRONMENT EFFECTS

e inherent low POWer dissipation of 1he ALSSUADSYS and

thet low thermal Fesstance of the pavkage make ul;-h:rﬁf o3

SN almiost negligible. For example, in stll air the -:h'iﬁnf!

.;mhmm n:hrmul (ERINTACE 1 about K0 Cwa At the n:mi:ul

{.1u-a.;:::mmj oF SO0\ the sellsheating i free AUE 4% fess than
I Submerged iy fluorimery R (unstireed ) the thermal
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ET-POINT CONTROLLER
The ADSS/ADSS can readily be connected as & set-point
controller as shown in Figure 9
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Figure 8. Sel-Foint Controller

The thermocouple is used to sense the unknawn tempersure
and provide a thermal EMF to the {nput of the ADSM/ADSYS
The signal is cold junction compensated, amplified w0 10mV~C
and compared 10 an external set-point voltage applied by the
User 1o the feedback at pin 8. Table | lists the comesposdence
berween set-point voltage and temperature, sccoubtng for the
nonlineanity of the measurement thermocouple. If the sel-pount
[emperature range 18 within the operatng range (= 55%C o

L 25°C) of the ADSS&/ADSSS, the chip can be usad as the
“mduccr for the circuit by shorting the inputs rogether and
utilinng the nominal calibration of 10mV/C, This is the ceatigrade
thermometer configuration as shown in Figure 13,

In operavon if the set-point voltage is above the voluge corres-
ponding to the rempersture being measured the output swings
low to approximately 2ero volis. Conversely, when the lemperarure
ries above the set-paint voluage the output swirches to the
posinve it of about 4 volts with & + SV supply. Figure §
shows the set-point comparator configuration complete with
hearer element driver circuit being controlled by the ADSSN
ADSOS oggled ontput. Hystecesis can be introduced by wjecting
A surrent dnro the posiave input of the feedback amplifier when
the onrput s toggled high. With an ADSM about 2006A oo
the +T terminal provides 1°C of hysteresis, When using
single SV supply with an ADSSN, & 20M1N resistor from Ve 1o
# T will supply the 200nA of current when the ourpt s foroed
high (about 4V), To widen the hyvsteresss band decrease the
resistanee connected am Vi to + T

ALARM CIRCUIT
In all spplivations of the ADSSVADSSS the — ALM connection,

pin 13, should be constrained 50 that it is pot more positive

than (V + ) — 4V. This can be most easily achievad by coanecting

pn 13 o either common at pin 4 of V —at pin 7. For mast

applcatrans that use the alarm signal, plo 13 will be grounded

and the zignal will be mken from + ALM oo pan 12, A typical
ration 18 shown in Figure 10

! s configumuon the alarm transstor will be off in normal
apenition and the 20k pull up wll cause the + ALM ourput on
o 12 1 go high, 10 one or Both of the thermocouple leads are
wmrernuptad, the + ALM pin will be doiven low. As showa in
Figure 10 this signal is compatible with te inpat of 2 TTL gate
which van be wsed a5 & balTer andor bverrer.
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Figure 10. Using the Alarm to Drive & TTL Gara
("Grounded™ Emitter Configuration)

since the alarm is 4 high level output it may be wed 10
dnve an LED or other indicator ay shown in Figure 11.
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Figure 11. Alarm Directiy Dnves LED

A 2704} senves resistor wall mit swrmeat 0 the LED o 10mA,
but may be omitted since the alarm ouput NSO 1§ Carmest
limited at sbout 20mA, The transistor, bowever, will operate in
3 hugh disupatnon mode and the temperature of the arcust will
nse well above ambient. Note that the coid jusstion compensanon
will be allectad whenever the alarm curcuit o sctvated. The
tume required for the Chip w returm o ambient temperature =il
depend on the power dissipation of the alarm crcuit, the nanure
of the thermal path o the enviroament and the alarm duraton.

ﬁcthnumbcumimthhochﬁm;kmddnﬂmpmlg
can be operated sbove or below ground. The collector and coirter
of the oufput transstor can be usxd 11 4oy normal swisch coa-

Ngunaton. As an example 3 pegatve referenced foad can bhe
doiven from = ALM & showa in Figure 12

The cotiector (+ ALM) should not be allowed 1o become more.
positive than (V=) + 38V, however, it may be perutted 0 be
mrore positive than V= . The emitter voltage | = ALMY stoald

be consuraned 30 thar it does ooy become more positive than 4
volts below the V+ applicd to the Gt

Addivonally, the ADSSGADSSS can be mﬁut_tdqm praduce
an exureme mmﬁwwhw?m
an extra signal line for an alarm & imappropnate. By tving cither
of the thermacouple INPUTS T MO MASH ranswey coatrol
woaditions can be automaticslly awoided. A = IN © common
SR UG Creates 4 downscale outpat i the thermacoupie opeas,
while connecting ~ IN o common provides an upcale oupat.
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Fagure 13, ADSSLADSS5 as 3 Stand-Alone Celsius
Thermorneter

=y oonr the ==SInocotpic and cooney the Iopats (psog

and 14) w cmenemon. The sastpur now wrill refiect the compensation
Feiage 2 bence will mdicute the ADSA D55 Imperatioss
WHE 2 sqie Goor of 10mVAC In this thres lermzongl, voltage
SSIpl, emperItire senting mode, the ADSS4/ADS9S will
Peas ove the il by — S5°C 1o + 125°C lemperarure
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Figure 16 Thermocouple Voltsge with 0 C Relerence

An alteroative messurement techomique, illustrated in Figure ]!
i Used i moos{ practucal ippbatons where SCTUrRCY feqiremen
do a0t warran! maintenaace of primary standards,. -
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13-1 INTRODUCTION

A thermoresistive sensor is a device whose internal electrical dc rcsistancc 15 a
function of temperature. There are a number u:ml'differenl types of such devices and
we attempt to discuss them all in this chapter. Unlike the thermocouple, however,
the thermoresistive sensor does not generate its own voltage source: an external
voltage source is necessary 1o “bring out™ this change in resistance within the SENSor,
We l:e.gin our discussion, as usual, describing the measurands that are gcqergii}
detected, We then describe the various resistivity detectors. used today beginning
with the earliest known thermoresistive device, the resistance temperature detector.

13-2 COMMONLY SENSED MEASURANDS

The primary measurand sensed by thermoresistive sensors is temperature. Only one
secondary measurand has been detected with any practicality—fluid velocity.

13-3 RESISTANCE TEMPERATURE DETECTOR

The resistance temperature detector (RTD) operates on a very simple principle but
requires the most sophisticated instrumentation for its Proper operation. Although
the term resistance lemperature detector can actually refer to a relatively broad area
of sensors whose dc resistances change with (€mperature, the term has recently
become more closely associated with only a portion of all the resistive sensors. This
portion comprises those sensors made from a pure wire-wound metal having a
positive temperature coefficient. To understand what is meant Dy thisterm, however.
WE must next study a frequently observed relationsh
ature and the electrical resistance for certain metals

13-3.1 Temperature Coefficients of Metals

Virtually all the “earth-mined” metals are conductors of electricity, some being

better than others. To state thisin another way, virtually all metals display a certain
amount of dc resistance to current flow. Some metals h

d¥e more or less resistance
than other metals. depending on their molecular structure. This resistance varies

with the metal’s '€mperature, and in almost all cases where we are dealing with
metals in their most pure elementary form, this resistance varies directly with
iemperature. That is, as the lemperature increases, the resistance also increases at

d fairly linear, proportional rate, and vice versa. Hence the term positive coefficient
has been affixed to these metals to deseribe their resistance behavior,

To understand Why a metal's resistance increases with an increase in Its tem-
perature, we must first understand the nature of the metal’s molecular structure and
how its behavior relates o temperature. Temperature and energy are interrelated

quantities. The thermal €nergy of a molecule, £, , is related to its absolute lemper-
ature T through the equation

Ew = (1.5)(k)(T) (13-1)
where £ = thermal energy (J)

k = Boltzmann's constant, 1.38 x 10-% y/k
I = absolute temperature (K)

Ip that exists between temper-

At absolute zero the molecules of a metal sample have nio kinetic energy. The
molecules are “'stationary’ in that they are not vibrating from outside heat energy
SOUICES contrary 1o those metals whose temperatures are above absolute zero and
whose molecules do vibrate as a result Because of this lack of vibrating electrans
al the absolute zero condition, a current flow of electrons €an pass relatively easily
between these molecules without encountering any appreciabie n:sis:an;e (friction).
However, with the addition of heat (energy) the metal's mnlccjﬂes vibrate about
their locations: This, then, increases the chances of electron cnllis_mns fn:nrp a current
flow trying to move betwesn the metallic molecules. Any collisions will produ_n:e
fnction, that is, resistance. The amount of resistance will vary proportionally with
the amount of energy (temperature) input.

With some metals the linear rate of resistance change 10 temperature chapgs
i1s quite predictable. These few metals are ge nerally very _stable, ch::mzc‘ali;j That 13:
they react very little, if any, with other ::le,me::nts over time. Chcm1c3; a..rtmtpy_zlf_.if
problem with using metals for the purpose of lemperature sensing. Thas acuviry
causes the metals’ dc resistance to change over a period of ume 1or a given temper-
ature, Figure 13-1 shows the linearity of various metals for a “’ldfi“ tetnparratur; rangz
versus their de resistance. The data acquired for producing t_hzs cury e:.-.cre obtaine
from metal samples having the same length and crqssﬁsactmnal_are.isﬁ.'i et

As stated earlier, forany given metal, its d‘f resistance varies direct ::-1“1‘[1 ; :;
IS proportional to, temperature. Honcvcr,_ let's first investigate :,Ei re am_nsm;;:
between resistance and a metal’s cross-sectional area and length. :isl;r::hj :
the temperature is held at a constant room-temperature value, That relati Pis

.qfr'_i.s;

where R = resistance of wire ({1)
p = resistuivaty constant (£3-mil'ft)
{ = length (ft)

Aoy = cross-sectional area of wire (mil)

L

FLATINUM

R(T)

I[[-llililtll_!*_ll
-100 0 100 W0 300 400 30 sl
TEMPERATURE (°C)
Figure 13-1 Graph of dc resistance for vanous metals versus (emperatare,




13-3.2 Metals Used for Temperature Sensing

<« The metals most frequently used for temperature sensing, that is, metals that are
smmnde 131 used for their relatively linear resistance/temperature response charactenstics, ars
¥ |, platinum, and certain alloysd forms of copper. Of these three metals,
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DS o Of 2 r200 standard that satishes everyooe. For instance, one Amernican standardmine
orgamzation stipulates that plainum sensors mus? have a rEastancs taho, Rue/Ae
=, where Ry 5 the resistance at 100°C and R, is the ressstance 20 °C. O
r hand, 2 Bonsh standardizing organization requires 8 valoe for RueiRs of
£30. These ratio figures are pothing more than an indirect means of refernes o
: the slope of the sensor’s resistance—femperature Curye OVer 2 [emperaturs ranee
While differing resistance ratios do oot necessarily affect the performance of (s
xmnd of sepsor, it does create somewhat of 2 problem. If you wanted 1o make 2 direct
replacement, or € you wanted to swap 2 sensor betwees instruments, you musti ms
) Ceriam that you are usmg sensors having the same R oo/ Ry ranos.

- 1o summanze, 10 keep the temperatere-indicating e7ors 10 8 mumemum, iU s
nesessary to pick a sensor for 2 speqific temperature range. Doine this will maxmpe
the unization of the sensor’s resistance versas iemperature lingar response charas-
tensnes.
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13-3.3 Typical Construction
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13-3.4 RTD Signal-Conditioning Circuits

Because of the very small change m resistance for 2

the Wheatstone bridge, or some variation of this cire for making these
measurements.
Two-wire uncompensated RTD circuit

3-4 shows a basic two-wire RTD system for temperature measursment. 1he

—

TD, R;. When the br ég is balanced, the ol

R:ZR;a‘R;“H‘* (=
R, R,

el
resistors. Ry and R;., are the equivalent lead resistance
1

-
F._".
o
Y

where the R notations are as given in Figure 13-5. The arcuit also ....3,"‘"5::3.'3 max-
mum sensitivity to a change in temperature when R; = R; = (R -
Notice. however, that the lead resistances play 2 significant role in -i!f:—:-rr-_zmng the
overall resistance of the RTD for 2 given temperaturs. This is true for k=ad lensths

in excess of several feet or so, and it is certzinly true for lengths of several huncsds
of festl.

ey

Two-wire compensated RTD circuit

One way 1o partially compensate for the additionzl lead ‘Ei:'EEE:E:S added by the wire
l ads going to the sensoristo2dd a sirmilar resisiance., R~ ot 71!

f the Wheatstone bridge, as shown in Figure 13-3(a). Furin ..m;-e;:-s_xs compen-
sating can be obtained by plam* this added x.a'nrﬂn_sau.uz resistor with 1S OWn s&t
of leads near the sensing leads of the RTD, as shown m Figure 13-5(b) In rhis way,
any change in the RTD lead resistance due to temperature is partally nullifiza by
a similar change in resistance in Rc- This 1ype of circuit is called 2 rwio-wire lez

CIrCLL .

(JTAN
LLL

"i‘il I‘l.

R-5

#'.'.‘3
ff>
"
e
W

Figure 13-4 Two-wire unoompensated RTD arcut
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Figure 13-5 Two-wire compensated RTD drcuits,

Three-wire RTD circuit

The three-wire lead circuit is one that
lead resistance is si
Figure 13

should be used in those instances where the
_ gnificant compared to the measured resistance of the RTD.
-0 demonstrates this particular hookup. Notice that lead resistance R, . is
in one leg of the bridge, while R, is in the other leg beneath the first. As a re?ult
of this configuration, the two resistances cancel each other out. Also, during the
balanced condition of the bridge, there is no current flowing in R, sin.ce‘il is located

In the center leg,
Four-wire RTD circuit

The four-wire lead RTD circuit is used
where precision laboratory-type
particular configuration ]
because of

for extremely sensitive temperature detection
measurements are necessary. The circuitry for this

_ is quite complicated and is not discussed further here only
its extremely limited application. '

Ry

A

Ris

Figure 13-6 Three-wire lead circuir,

13-3.5 Self-Heat

One of the difficulties in using an RTD is to ascertain just how much current should
be allowed to travel through it. After all, what is really being monitored when using
an RTD to measure temperature is the voltage drop creat=d by a current traveling
through the RTD's internal resistance. The amount of current of course is a function
of the voltage supply amount applied across the leads of the RTD. Obviously, there
1§ a practical hmit to the amount of voltage that can be supplied without damaging
the RTD itself. Too-high voltage amounts would cause the RTD to generate exces-
sive or possible damaging heat due to the power being dissipated by its intemnal
resistance (P = FR). As a matter of fact, for any voltage amount the resulting
current flow will cause heat to be dissipated by the RTD. The RTD will not be able
to differentiate between this self-hear and the heat energy to which it is supposed to
respond. The question then becomes: What sort of temperature nise results from this
self-heat charactenistic?

Fortunately, manufacturers have anticipated this problem by publishing a
self-heating error value in their catalog data literature for each RTD that they
manufacture. A typical self-heat error figure may be 0.18°C/mW 1n sull air, or
0.07°C/mW in moving air. In other words, for this particular RTD measunng a
temperature of a heat source in still air, for every milliwatt of power dissipated by
the RTD's internal resistance, there will be 2 0.18°C increase inits temperature. This
amount would have to be subtracted for each milliwatt of power consumed from the
RTD's overall indicated temperature. Therefore,

L

Isy = Psue X Pan (13-3)

where Tiy = tempeérature rise due to self-heat (°C)
Psue = self-heat error (°C/mW)
Parp = power consumed by RTD (mW)

Let'sinvestigate an example of self-heat with an RTD to become more familiar
with how this quantity is handled.

See ExampPLE 13-3
13-3.6 Typical Characteristics and Design Specifications

Typical temperature ranges for the RTD are the followang. For copper RTDs, the
range Is —200 to 260°C; for nickel, the range is =80 to 300°C, and for platinum, the
range is —260 to 630°C. Most RTDs require some sort of protective shield to protect
the sensor wire from corrosion and general abuse. As a result, the RTD tends to be
somewhat fragile in 1ts overall construction, more fragile than the thermocouple.
Because of the required sheathing (see Figure 13-3) the thermal response ume is
significantly increased. A typical response curve for a platinum wire RTD is illus-
trated in Figure 13-7. Compared to other temperature sensors, this response is
somewhat slow.



Example 13-3

A piatinum temperature sensor has a published self-heat error of 0.12°C/mW. The
sensor's measured resistance for a particular temperature is found to be 129.78 1. The

! voltage supplied to the sensor is 1.88 V de. According to a temperature versus resistance
* chart accompanying the sensor, the temperature for 206.66 1 is supposed to be 280.0°C.
.- What is the acrual temperature existing at the 129.78 Q condition after taking self-
feating mto account?
& Solution: We must first calculate the amount of power dissipation in the sensor. This
. czn be done by using the equation P = E*/R. Therefore,
7 -
p= 1.1,5‘;:
129.78
a Sl S
= 0.027 W
=27 mW
Now, using eq. (13-3),
r!_‘.}-] i [ﬂ :]{:-ﬂ'
| =

3.24°C nise due to self-heat

We must next determine what the iemperature appears to be based on the 129.78 0

measurement. Because of the linear charactenistics of an RTD., we can make a
proporticnal ratio based on the
temperaiure. That is,

_ simple
supplied manufacturer's data to determine this apparent

206.660  129.78 Q0

280.0°C x
. _ (129.78 0)(280.0°C)
: 206.66 O
= 175.84°C

“ec;us: this is 2 temperature that includes the self-heat of the RTD; in other words
this 1s @ temperature obtained with data (the RTD’s measured resistance) influenced

hx self-heat. We can now compensate for this effect by performing the following step.
We subtract the temperature amount calculated with eq. (13-5) from our apparent
emperature: That is, -

actual temperature = apparent lemperature ~ 7y (13-6)
Therzfore,

actual temperature = 175 B4°C — 3.24°C
172.60°C

Il

13-3.7 Practical Applications

Because of the compactness furnished by modern solid-state crcuitry, ithas recently

been possible to construct hand-held RTD transducers complete with signal condi-

tioning and digital temperature readout displays. These devices employ three- and

four-wire balanced bridge circuitry for excellent lemperature reading accuracy.

Figure 13-8 shows a complete hand-held RTD thermometer using a platinum sensor
and having a temperature range from —220 to 630°C. This is a remarkable feat when
monitoring and controlling temperature in a hydraulic press used for molding plas-
tics. Certain plastics require a particular curing temperature and curing rate. By
implanting RTDs into the press” platens (Figure 13-9) it becomes possible to monitor
and control these temperatures. Each RTD is located in a separately controlled
heating zone so that each zone is controlled by that particular RTD.
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Figure 137 Time-response curve for o plitizem wize RTD  (REFRODUCED WITH TH
PERMISSION OF OMEGA ENUINEERING, INC

you compare this device to a typical RTD setup of, say, 13 vears ago. At that time
the instrumentation needed would have covered the area of roughly 4 ft* and its bulk
would have weighed in excess of 30'1b or so.

RIDs have found their way into many laboratory applications where extreme
temperature accuracy is needed along with their very linear, durable, and high-
temperature-range charactenstics. In industry 2 typical application would be in

Figure 134 Hanc-maxsRTD
ihermemeicr, (REFRODLUTED WiTH
THE PERMISSION OF OMEGA
EHGIHEERIHG. INC |




ANALOG
DEVICES

- Two-Wire, Linearized RTD
Temperature Transmitter

MODEL 2B38 |

FEATURES
Platinum RTD Input
- Lineanzed 4-20mA Output
High Accuracy: =0.1%
g Low Drift =0.01°C/°C Max
RF] Immunity
& Low Cast
FM Approved

APPLICATIONS

RTD Temperature Transmission in:
Process Control
Factory Automation
Energy Manapement

ibe model 2 3

Tansmutier designed 10 2ccept a plaanum RTD (Resistance
Femperature Detector) input and produce a proporuonal
sanZard $-20mA output, The RTD signal is internally line-
arnzed to provide an ourput which 15 inear with trmp::r;rur:.
Four precalibrated ranges are availabie for RTD measurements
from ~100 C 10+3500°C

The 2B58 features high accuracy of 0.1%, low drift of
=0.01"C/"C, high noise rejection and RFI immunity. Both
TROo-wIre and three-wire 10082 sensors may be used. Lead wire
compensauon s provided for three-wire RTDs. The 2B58 is
spproved by Factory Murnual for intrinsically safe use in|
nazardous locatons.

Arugged mewal enclosure, suitable for field mounting, offers
environmental protecoon and screw rerminal tnput and ourput
conncctions. This cnclosure may be either surface or standard
relay track mounted.

APPLICATIONS

Thc £B58 has bezn specifically designed to provide high-
PEriormance two-ware transmussion of measured te

mpecranures
using RTD scnsors. P

Two-ware current transmission PENMUE femote moun

ong of
th¢ transmi B

LIEr near e sensor 1o minmmize the effects of
Aoise and signal degradation w which low level SENS0T outpuls
are suscepnble. Transmission of the proporuonal current our-
purmay be accomplished by mezne of INEXPENSIVE COPper
wires. These factors make the 2B5E ideally susted for applica-

nons where accuracy, stability, and low cost installarion are
Sesired.

DESIGN FEATURES AND USER BENEFITS

High Accuracy: The 2B58 offers high calibration accuracy.
lincanzed output and conformity with the standard DIN
43760 (a = 0.00385) RTD sensors,

Low Cost: The 2B58 combines low price with a rwo-
transmussion, lowenng torai installation cost

Wwire

High Noise Rejecdon: The transmitrer features internal
filrenng Circuitry £o assure protection against RFI and line
requency pickup.

Suu'fdud Loop Compadbility: The rwo-wire OUTPUTSITUCTUre
conforms to the [SA Standzrd S50.1 "Comparibility of Ana-
tog Signals for Electronic Industrial Process Instruments”

Wide Operating Temperawre Range: The 2858 has been

designed to operate over-30°C 1o +85°C ambient Iempera-
fure range,

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. Il, 9-61

SPEC'FICATIONS (typical @ +25°C and V§ - +24V de unless otherwise notad)

Model =t
INPUT SPECIFICATIONS
il Platioum, 100f1'& 0" C o = 0.003 4%

Normal Mode Rejecuon

2 or 3 Wre
5648 ® 60HL

Sensor Excitation Current 0.5mA

Zero and Span Adjustment Range 15% of Spin
QUTPUT SPECIFICATIONS

Ourput Span 4-10mA

Minimum Ourput Current Y. SmA, typ

Maximum Ourput Current $0mA. typ

Lozd Resisrance Range Equanon Ry max ={*Vg =16V )/10mA

@ =24V Supply 0 to 40041

Crurput Protcetion 260V
ACCURACY -

Total Gurput Ermor® 10.1%

Stability vs. Ambient Temperatute

Zero, Measurement Range 01 through 03?
Meassrement Range 047

Span :

Subility vi Time®

Lead Resistange Effecs, 1o 40(] per Lend
Span Errar

Warm-Up Time to Rated Perdformance

£0.01°C/°C max (20005 C°C 1yp)
£0,01"¢c/C

+0,005%/°C

250ppm/Manth

£0.5%
3 Minures

INTRINSICALLY SAFE OPERATION
Use tn Class |, Dvasion 1,
Groups A, B.C,and D Hazardour Locatuons

FM Approved

HESPONSE TIME
To 20% of Span

0.4 ¢

POWER SUFPLY
Voltage, OUperanng Range
Supply Change Effect. % ol Span

»16V to +50V dc

on fera £0,005%/V
on Span 0.0 1%V
ENVIROSNMENTAL

Temperature Range, Rated Perlonmance
Storage Temperanure Range
Humudiry, Effect

-10'C o +85"C
-55"Cro+l125 C

Erior £0.6% of Span
RFi Effcct (SW @ 470MHz & § fc)
Errar 20.5% of Span
FHYSICAL : . :
Casc S1ze & oN8. 25 W12S
Weight Boz(227 g
NOTES

Y protected (or revene polarity and [or wny lnputfouput conaecton comlimunon
14 ceuriey b ipecidied v pereent of ourpur pan (16mA L. Acourady mpec _n:u:h-dﬂ
combined effecty of munsmutter repentabiliny, hystereas wad oot e asnan

cooformmury. Docs nat incliade senadr ermor,

' Sor ordering snformution [or measirement temperarure ranges 01 throogh Ok

" Fer MIL-STD- 202E Muthed 1018,
Sprcificamons mbject to dhanje witkaul nooee

CVE 0010
132 203}

ORDERING INFORMATION

Example Model 2B58A - 1 - 1 - 01
I f A f
Enter Model
JRSBA

Enter Housing
1-Srandard Enclosure

Enter Sensor Type
1-100%) Platinum, a = 0.003 85

Enter Temperarure Range
01 Through 04

Range in"C (°F) No.

=100 1o +100 0l
(-148 ro +212)

0 to +100 02

0 o =200 03

0 10 #4000 04

STANDARD RELAY TRACK MOUNTING

%.’— |

5? = = S Ja

Dimendons thown in inzhes and { mm).

s ECI) 2858 & L

i
LB ZERD cSFan AT

M =1 3
Yy 2 X 4 5 '8 (B2
| r= - = |
(A |
*% - 12 SCREWS |
375:003
1553 0.8

OUTLINE DIMENSIONS (MAX)

4018 ummﬂ

e Y

| la—ar23

(#32 1o +212)
(+32 10 #392)

(=32 tao *752)

6™ X I MOLES 'R C l

VoL Il 9-62 TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS

—fair

Model 2B5B may be convenienty
mounted in 2 standard relay mounting
channel (3.25" wide) such as Reed
Devices Inc. (RDI) model 3TK2-6 or
cquivalent

) —
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13-4 THERMISTOR

We now look at another thermoresistive sensor, the thermistor. This device h

a5

entirely different characteristics compared to the RTD. For one thing, the thermistor
is made from a human-made substance rather than being produced from naturally
Occurnng materials, as in the case of the RTD. This human-made substance Is called

a semiconductor. Second, the thermistor'

S behavior with respect to tiemperature js

entirely different from that of the RTD. These and other characteristics are discussed

extensively in the sections that follow,
13-4.1 Theory of Operation

To unde

temperatures rather than at higher lemperature

matenals. In metals these electrons EXperience very

and, consequently, have little difficulty in being di

F1G. 188.—End connections of a three-phase
single-layer winding.

they can break their bond

s and travel on to simi]
show this type of behavi

or are called semiconductors.

rstand how thermistors operate, we must first understand wh
ductor is. Recalling our discussion concerning why

at a semicon-

metals conduct better at lower

S, there are certain types of materials
that conduct very little, if any at all, at extremely low

this is because of the degree of bonding of the outer electrons in the shells of these

little attraction from the nucleus
slodged from the parent atom.

t€mperatures. The reason for

AN IMPORTAANT USE OF
THERMISTORS |'S
IMPLAMNTATION [ATO
SCIM LuiabDiIng-S ~ol?
USE 1IN OUEre

TEMPERATURE
PREUVEATIOA.

the bonding is much greater, and
 the bonding is so high that no free
ratures. Only through the addition
ough because of their vibrating that
arlyionized atoms, Compounds that

|

13:4.2 Characteristics of the Thermistor

Because a semiconductor’s resistance decreases wit
which is a behavior pattern Opposite to that of met
POSSESS a neganive temperature co
VEISUS lemperature curve for a
observing this curve that a ther
when compared to the RTD curve also shown in Figu
are only typical curves, Thermistors can be manufactur
values can be formulated to oceur
values can range from 100 Q to
resistance versus lemperature ¢
alongside the one in Figure 13-10
the one shown in Figure 13-10.

h an in¢rease in iemperature,
als, semiconductors are said to
efficient. Figure 13-10 depicts a typical re
thermistor semiconductor. You
MIStor is not considere

Sislance
€an conclude from
d a linear device, especially
re 13-10. Both curves shown
ed so that different resistance
ata particular temperature, say atOor 25°C. These

as high as 1 M) for these temperatures. If the
urves of these other thermistors were plotied
» YOu would observe a tamily of curves paralleling
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Figure 13-10 Temperature versus resistance curve far a thermistor,

Because the thermistor is a semiconducting material, the temperature range
of this type of sensor is somewhat limited. Semiconductors can rarely withstand

temperatures above about 300°C before melting. However, at this temperature the

thermistor conducts current very well, approaching the conduction qualities of a

poor conductor. In addition, the slope of the response curve approaches zero,
meaning that the thermistor's sensitivity becomes almost nonexistent. The thermis-
tor loses its effectiveness as a sensing device at this point.

Below —=50°C the thermistor's resistance approaches that of a poor insulagnr.
Resistances of several megohms are likely to be found, At -IWC‘IhE p_ra,ct:cgl
sensing limit of a thermistor is probably reached. However, again noting the shape
of a thermisior's curve, you ean see that the thermistor is maost linear in the cold
region of operation, say below (0°C. Also, Its sensitivity is highest in this region.




asinive sensor than the RTD. Since the
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The thermistor is generally a more sens :

" ' v eromal By i tmpul sich I-r Il"n‘;.
: sanAine IS oRInut sienal OV NS tnpid Signds, (s
sepsinivity of any sensor i$ found by @ividing 1S oripui signui ¢ R -

- eiry e reflected in the amount of the slope inits plotted response curve: In other
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Using the slope information shown in Figure 13-10, compare the sensitivities of the
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Solution; The seasinivity amount for the thermistor obtained from the slope informa-

- 3 = % i ¥ ]
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13-4 3 Typical Construction

Thermistors come in & variety of physical sizes and shapes. The various types of
following: (1) beads, (2) disks, and (3) rods or probes. There
yles, but the ones listed above are probably the most common.
shows an illustration of each example.

the thermastor s coated wath 3 protective substance. usually

£lass, 10 prevent oxidation of the solid-state material used in the thermistor's con-
struction. The g

. 1he glass furnishes a hermetic seal that wards off oxidation and corrosion

lue the thermistor's environment. Another purpose of the coating

bond the leads of the thermistor more firmly to the thermistor's body. thus
ACUng &8s a stram relief for the leads |

glass-coated beads on thermistors range in size from approximately 0.1 to

2_ mm in diameter. On the other hand. the disk-type thermistors typically have

110 3 mm and are often not coated. These are ofter cheaper

1 cost. Duning manufacturing, the thermistors are easily adjusted to the desired

resisiance by gninding away a portion of the thermistor's disk. Thermistor rods are
ivpically manufactured in diameters of about 0.5 mm to as much as 50 mm

:ﬁzc most common application for thermistors ‘is for thermomeétry (Fig-

ure 13-12). Because of the wade vanery of shapes available, it is possible to find a

thermometer probe that can fitinto the ughtest of temperature-measuring physical

resiactions. This i discussed further in the next SeCuon concerning apphcati@ns
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GENERAL PURPOSE i

iyl bpped, most fugged proba U<zead

5 ¢
1o shod-term water and sub-soil readings. Waterproof con- L s —
SIrUCtion Now standard : I( L —
—~1 % Max L%“'n
SM Fl x = | I \-! D f .'_.-_.,. B
SsMALL FLEXIBLE Vinyl sheath and lip i i o=
Cuvalla lemperatures. General purpose measurement = [L'— / 7 __'-:_I____L_._...--"
p——
GE"IEF‘AL FURFOSE -‘fﬂﬁ*trﬁﬂgrﬁgnlgl epoxy lipped probe 'l":-'l
Can be pcileg in place. Prabe is suilable ftar empergture T'_"
measurements on surtaces =
Ll | =& 1

"BANJO” SURFACE TEMPERATURE. Skin oral, axillars

I Il Fom
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R, EDOXxy Dacked E-"ii' o 12pe on fiat ‘.urf"-"et “.::.- = I\.,_._..-'
e = et . k1 [ =i & L ‘ = =
Neal loss or compression elfwiency study of pioing ———— = _____j____,._.;,"-
YT SlinEa SuE = ' o< '
Su-‘.‘uL :_‘LJ?"IE‘."-.EE TE.'JP‘EF,:I.TUR: C\.-'-.."-f”'i', waler bath Sl > W | - |
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L - ' H . = f ﬂ"r——l—'————'—*
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— -3
—_— = \'1;."
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noms. incubalors
slreams, eic

Slainless stpel prode suilahle

i or tass — | Poet—
emale avw readints momlonng of cas — —
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TUBULAR, Stainlass sieel probe for rugges duly. Ohen —_— - . —
used lor liquid immersion. Probe is immearsible only fo cap ; ¥ - R

. . s 'a _—
TUBULAR.GLASS f-:-I'LE.-'!"-.K,‘;&L':'I inert for BQuid immerson usa —
Thermametric titration Freezng poin! delerminaban Pyrax & — o
i. Ie'-'".:" " ~
TUBULAR WITH FITTING. Rugged, stainless sies) prone N2 WHPTS -
_nrth pepe fitting. Suilasie for laing readings in pipss’ or C “_-'._- :
inside closed vessals, 3 i 1 55 =1

Figure 13-11 Vanous forms of thermistors. (REPRODUCED WITH THE PERMISSION
OF OMEGA ENGINEERING, INC )




13-4.4 Thermistor Self-Heat

Like the RTD the thermistor is susceptible to the problem of ~.¢-H-f|u;rn. l_{!lzlllltk:I::-I:;
RID, however, the thermistor {s placed into a potential HL_-II"'U"”GL[H‘L m'; 'I- L” rual
sell-heat becomes excessive. That is. as the thcrmhln.r becomes x?-.n{nul, 1_I- r.rl:, nf“.
I.'t"iT'JEJI_IIL'I_' becomes lowered, ;lﬂlnl.'ll’l}’. an I“,{_“:mr o L.”r“:”f ”1-}“- W'HL I ; o -‘lj
additonal heat, and so on, It is especially eritical to limit the current flow through
i thermustor 1o prevent this situation from happening

13-4.5 Linearizing Thermistors

Because of the nonlinear charactenstic ol Lhermistors, various
been devised to make the thermistor behave in
is shown in !'Ii:."LH‘L' 1313

cireult schemes have
d linear fashion, One such scheme
Two thermistors of identical response are 50 wired th
I& paraliel 1o another having a resistor in series with H.IThrnugh u:m-.ich:r';ihh:
expenmentaton 1t 15 found that this particular clr-;un_.'idnr:wrt. u[ least a 10-fold
decrease in the amount of temperature deviating from linearity, For |nal;m_rr'c:., for a
lemperature range of, say, 0 to 100°C, a maximum deviation of unl}' D 15°C fre
linearity is achieved, whereas normally, asingle thermistor system yields an amount
of 1.5°C. By adding the additional matching parallel thermistor with its
resistor, a dramatic .jIIIL‘dH‘IE:IIfJn tor the entire sysiem can be obtained.

dl one

T

»Cries

13-4.6 Practical Applications

Thermistors are usually associated with thermom

Ciry-type instrumentation, that is.
Instrumentation used solely for the reading of temperature Figure 13-12 in Sec-
tion 13-4,3 is 4 goad example. Despite their nonline
still enjoy widespread use. The reason for this
anotherwise nonlinear

ar characteristics, thermistors
18 due to the rélative ease in lincanzing

sensor through the use of lookup tables that have been storecd
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in firmware, Many lhwrmr.lnr-::qmppc{.! electronic thermometers
that can convert o thermistor's nonlinear output inio

mextremely aceurate Qutput data. The lemperature probe containing the thermistor
15 also made so that it i replaceable in cage it js damaged.
There are at least rwo mdjor forms of signal-condir
ocanverting a thermistor's resistance change to a
digital or analog readout. One form Uses a re
Wheatstone bridge
o Figure 13-5). In this eireuit &, is
indicator, Instead of calibrating R,
the thermistor, it i calibrated in y

contain I1C chips
averylinear response, resulting

1aning circuitry that are used
signal that eventually drives g
5ialancc=mr:aﬁuring Circuit such as
o determine the lemperat
adjusted for a nul according 1o the center-leg
In ohms to read the resistance of Ky, in this caxe
nits of temperature insteqd.

a
ire (refer

A less sophisticate
cireult (Figure 13-14), T dCross resistance
Kivw, produces the Necessary voltage signal for creating the desired lemperature
( reading.
H'."'Il'
(YW

d rr:?.im::mu:-mc:u-;uring

circuit employs a b
his is where the volt

45IC ohimmetsr
age drop Occurring
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/ = CIHD INTHEA ok
|

B e

Figure 1314 Wiing » vimple ohmmerer ehrouir 1o FEMT & Iharmndetars resisinr s

The second tYpe of circuit used for thermo
Figure 13:15, In this example we see a the
controls the freq uency of oscill
The autput of this iystem is
The frequency of this wave ¢
dture display. In this circuit
change in resistance of Ky,

MEIry purposes is illustragad in
rmistor, Ry, whose v

ation of an Oscillator (the 555 timer 1C. R, and C)
In the form of a square wave with varying frequency
n then be measured and easily converted 1o 4 lemper-
the frequency of os inversely with the

Arying resistance

scillation varjes

Example 13.5

(n Flgure 1315 the frequency of oscillation of the cireuit shown is determined by

().722
- (13-7
" / (Rey + R)C A347)
: .ﬂ..';auminr,: that capa
determine the valuye

citor C has a value of 0,005 wF

and resistor K & value of 1200 {1
s of f for the following three v

alues of Ry 750 £, 1500 11, and
100 Ll
.I-.I'..
ALY ?" iFa o
—, . T— —-|
aldug | -
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Flghire 151§ Uidag » hermililod iy sontiol the fre '
Heboey dmipat uf ux L NIRRT .
Heosard by Barkla, T 11 ﬂwutp;ﬂmum Srdicabani BT Ol 1904, e Mg pannigy
by ot riwialin o 8 wathay ]
Solution;

Placing the values of C, R, and 'the values of Rointo eq (13:7), we ge!
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In addition to being used In thermometry, t_hergﬂstprs are _aisc-_ ofen qufig ti:
temperature control applications. A typical app_]rcatrmn IS seen 1n Figure 13-16.
this circuit we see a controller being used to maintain a desired water temperature
e f:;?:-ET-?CESSiEE system. The operator adjusts the temperature controller to the

1:1 i _ - = L -
desired temperature, while the thermistor detector senses the water's temperature.

The sensed temperature is then compared to the desired temperature. Any differ-

i,* .

-nce in the two values (this difference is called the error signal) causes _{he gas valve,
e or to open depending on the arithmetic sign of this difference.

L84 &34

Fe=v 317 T o Demf S 1 2 vml-momytay gover

Itis the self-heat characteristic of thermistors that has created this next appli-
cauon. Thermistors are often used as level-indicating alarms, as depicted in Fig-
ure 13-17. A thermustor is adjusted for a particular height in 2 liquid-filled container
at 1s bzing filled. The thermistor’s height represents the maximum liquid height
at is desirable. Since the thermistor is suspended in air. out of the liquid, its
self-heat is sufficient enough to create a current flow in a current-sensing network
to keep 2 holding coil energized on an alarm system. The alarm is off in this position.
Should the liguid cover the thermistor, the self-heat will become dissipated within
the hquid, causing the thermistor to cool, thereby increasing its resistance and
lowening the current flow through it. This lower current 1s not enough to keep the
holding coil to the alarm system energized; therefore, the relay opens, tnggering the
alarm circuit. The alarm circuit may also be wired to a control valve that opens a
dump walve to the container so thar the liquid will partially drain, causing the

thermistor once again to become “self-heated."” causing the alarm’s relay coil to close
Once again,
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W orrser Orientation
i; i Temperature Measurement Components

ADSBOL :\7 -
- I "2.5"!" 5 - .
M E ag__,ﬂg ,E O TEMF o ' P 1Bk The AD590 and AD592 arc two-terminal integrated circuit error budget for the circuit, assessing the contnbutions of
DTO 1007C A2 TR ioaes temperature transducers which produce an output curreat cach of the elements (Table 1). Errors will be expressed in
—] 0. 0o proportional to absolute temperature. The AD590 and degrees Celsius,
| ’ AD592 have a standard 14A/K output current which is ; _
A e .\ ,_\’ = S W‘ 51 =0T RE 983 inherently linear, therefore, no linearization is required. ADS90 regulation. If the AD590 is excited by 2
AD SOG. t:f e Y Y s - ; g ; voltage source of berween § and 10V, the typical
N A \JJ\J ;"‘\_"" TRIM O°C Attention to all the detail 15 the key to success in most inter- regulation is 0.2pAV (0.2°C/V). With 1% %
—_— — - face criteria. The following applicaton is provided to illustrate 3 g : RIS -
[ - A4 3 5 e : regulanon, this conmburtion will be 0.01°C
| % ADS21L the problems involved in designing circuits which measure my e
Al R3 Lﬂ -~ €0 physical pheonomenon. ADSS0 lineanty ervor. Toral error for ADS90),
T 1%} . 2 _ - over the 0 1o 100° 1 ' i
il.f_ M E_ '.E MPER A r;:n: ETO In this applicanion, there s a need to measure \t2mperatures 0.3°C. Thos mmlc,.:;]ni':::h o tzm;f' S
CURRENT TRANSDUCER. | ——AAN——4 from 0 to +100°C, to within 1.0°C, ac low cost, at a remote crint (oF the B e e S
ADSS0 IC IS AVAILABLE INPROBE [ R - locanon several hundred feet from the instrumentanon. The T r.‘ll'_'l;.r o ADSEIuL : l.f:ﬂ'[';u'jg -;rt:::ns.nr
AS AC2e2%0 ; ; "l 0.1% ambient temperature in the vicinity of the instrumentaton is EOTTER L Errre ;;‘DSECIL = Eii-' e d;“_
: INSTRUMENTATION expected to be 25°C £15°, A number of possible rransducers ADS90]'s czlii}tinun cn; HECCaRANEE -
LOw TCRH AMPLIFIER, will operate over the specified range, bur the requirement for B
METERING GAIN QF 10, 1 remote measurement suggests the use of the cumrent-output R1 temperature coefficient. Since R1 is responsible
: R ? SISTOR . 0.00v TO 1.00 FS two-wire AD590 or AD592 semiconductor temperarure tor the canversion of the AD590's currenr tw volr-
mV/uA = ImV/k 10mV /C r sensor, because the current is unaffected by voltage drops age, high absolute accuracy is imporrant. Conse-
and induced voltages. quﬁnﬂ}",ﬁwt would expect 1o Use a device having
: . ‘ 10ppm/ C or less in thi £15°
: - - Consulting the “Accuracies of the AD590"" we find that the miinum e 31 :fﬁo; ::.E?IHJE .f';?f
] s = - L - i : =
F;pure 7. 2 herm{)merer C,\'rCU; f ADS90], with two external trims, would be suitable; its 0.061A .3
: o : o i . Q.06 C
maximum error over the 0 to 100 Crange 1s 0.3 . This per-
mits an allowance of 0,7 for all other errors. If & tighter {rypical 20 287C asd ried epply voitage unken myted atherwse)
tolerance were r:quu’tlrd. it wouﬁld be worthwhile to Cﬂﬂiid:: o o S yecificiSon
using the AD5S50M wath two trims, for an error below 0.05 C. ADYBSL 28V VOLTACE REFEREANCE
Since AD550 measures absolute temperanire (ios nominal out- Quiput.valage Vg = s13V dA3OV mia L3S0V man
18 1HAK), th be offset by 273.2uA in ord IABSL Vel e oprinng e TV e
put is 1uA K). the output must be offset by +2uA in order i tepvivi ol TVEN e IEY Sav iy
| to read out in degrees Celsius The ourput of the AD590 flows Tompenmre wasicmyy  Ors 10°C CimV mu Mppal C g
. e . ; Noue 0.1 1 1042 RV, pe
through a 1k£1 resistance, developing a voluge of 1mV /K Kb (Al wiih tene) | sy v IVRIY (9.035)
(Figure 1). The ourpur of an ADS5SB0 2.5volt reference s 2ot moss 115V (10ppm=)
divided down by resistors to provide 3 273.2ZmV offser, which ADI20) 14V TEMPERATURE TRANSDUCER
15 submracted from the voltage across the 1kE1 resistor by an Ourpat curren; Nomad e 23 CUITRI0 29h.22A
it ADS21 wmsoumentaoon amplificr. The AD521 provides a pag e W adia S e
) Calibration eror b S e LY td Oy
gnnﬁql' 10,0, o that the cutput range, corresponding to 0 to Lncxney erroe Tas g, 050 100" Crasge ) Cmax
100°C, is 0 to 1.00V (10mV/°C). Repaanabilin pef monch 81" Cmis
Lang-ters 2nly 0.1 Cpman
“ oOIELY Nooe speceral desire STp AL
] ¥ EFIKLNCY Fowtrmpply mxseen AT R Glmany
i Cperauag rasge -§A"C e -1 10"C
e w i - AD321L DIFFERENTIAL INSTRUMENTATION AMPLIFIER
1R8d pau'c Gun egaation (valosvalt] | Somisnsd G=Rg/Reo
; —jc: m Erroe from eguanos Unremssed (125 - o0l
I * . e MHeonlinesnsy TV oumpet £ 1% mas
I—n Cus ue=pes O ta10'c s tiGmees C
o T TR A T iz Veiugr offici Ingut 1 0=V imax
CORRANT :mﬂ:: A 1 Crapps 109V max
A 0 A A LA A PECE E - Velnge olfw L {rpss Dz Ya'c B FC e
S AL 6@ s —J I TAUMENT ATE0n OQuipat, 032 T0'C b PV ST
| e Caim ol Voliage atfwt v mpply. input i
I 1k L 5o 1o 108 I3 Durpet anirm=sd® Bimvs
I EnVRER.~ S We=XTE Biu current 35'C = s
[ . . _ Hiir current vemipeo O TI0°C §0pAlC _
' = Figure 1. Thermometer Cireult beput impodunc Commas mads 88 10'Pm Lopd
Coormarmade rrpenies e DL & 0 $0H:, .
1 ; ' - WD oerch anbdlands Fhlh m=ip
The desired system accuracy is to within 1.0 C;_u noted, all TV a— G » 19, 0.1Kx 10 18H:
criors ather than that of ﬂ;: AD5 %0 must contnbute the P9 RTO 3ETp¥
cquwdtnr of less than 0.77. It will be hclpful to assemble an T B e cof B Mty D et B s
Table |. Device Specifications Pertinent 10 the Andlys:s
"Accuracics of the ADS20 Application Notc, Analog Devices. inthe Texp
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ADSE0 temperature coefficient. The pecified
tempco for the ADSBOL is 25ppm/ C rypical
(61ppm/"C max over the range 0 to 70°C).

Since operation is OVEr 3 narrow range, the rypical
value s most useful, unless the ADSE0 has a
cnncal effect on the overall error, 25 X 109/°C %
273mV X 15" = 0.1mV

Resistree drowder sempeo. The absolute values of
RZ and R3 are of considerably less Importance

than thewr abiliry 1o track. 10ppm/°C is 2 reasonable

value for racking tempeo, 10°35/°C X 273mV X
15" = 0.04mV

Common-modr error. At a gain of 10, the minmum

common-mode error of the AD5S21L amplifier is
P4dB, one part in 20,000 of the common-mode
voltage (273mV), or SpV (negligible)

ADS21 temperarire coefficient. The specified
nput offser tempeo for the ADS21L is wvic
Max, and the ourput offser tempeo is 75uV/C
max l'?‘ﬁ,;;"'-r'.ﬁﬂq, referred ro the inpur), for a

0tal of 25UV CR.TL 9.54VAC X 15° = 1430y

ADSZ] buss-current lempco. The maximum bias-
Current change is 500pA~C X 10° (range) = 15nA

The equivalent afiscr-voleage change is 15nA X
1) = 15,V

AD3I21 gein tempco. The circuir will be calibrated
for correct ourpur at 100°C by imming of the
gan ol the AD521 g1 3 25°%C ambicnt temperature.
Varianon of gain will cause ourpurerrors The
specified pamn empco at 2 gain of 10 for the
ADS21L 15 3.5ppmiC typical. If max is arbitrarily
ds5Umed 10 be ten Omes warse. and the resistors
conmbute 15ppm/°C additional, the maximum
crorwillbe 50 X 10757°C % 100° % 15° = 0,075

VOL | 8-12 TEMPERATURE MEASUREMENT

1 i

0.10°C

o

0.04°C

0.0°C

0.14°C

0.02°c

0.0

75°C

COMPONENTS

ADS21 nonlineanry, The 0.1% nonlineanry specifi-

cauon applies for 2 29V ourpur swing; for 3 1V

full-scale swing, it may be reasonable ro expecta

tenfold improvement, or 2 1mV lineanty error,

equivalent to 0.1°C -

Total error (worst case)

This mcans thar, once the circuir has been cali
o <
and 100°C (25°C ambient), the maximum €fror at any com-

binagon of measured and ambient ICMperatures can reason-
ably be expected to be less than 1°C.

brated ar 0°C

If the susmmation were root-sum-of-squares, instead of worst-
case, the error would come 1o less than 0.4°. This SUEFesrs
thar the design is quite conscrvave, since the probability of
Tomtxase crror is low; also (with some risk), ic suggests thart
ifan AD5S90M were used in the same design, temperatu re
could be measired to within 0.25°C over the range. Namrally, -
every precaution should be taken to avoid addirional errors
annbutable to either Murphy's or Narural Law. Aside from
cmors attnbutable to ambien: Iemperature varianons, this
ample interface will require some form of protection from
€xtrancous signals. Shielding and grounding should fallow
the practice suggested earlicr in this book. In addition,
Capacitance across Rl will help reduce the effects of any ac
currents induced in the twisted pair. Power supplies musc be
chosen 1o minimize error due to sensibvity of any of the

clements to power-ay Pply voltage changes, 1nd Dypassed to

minimize coupling of interfercnce through the power-
upply leads.

— e —

ADLITIONAL INFORMA T o)

COLD JUNTION COMPEMSATION AMPLIEIER — AD 594 /4p595

MONOLITHIC THERMOCOUPLE AMPLIFIER WITH
COLD JUNCTION COMPENSATION

The AD5S94/ADS595 is a complete instrumentation amplificr
and thermacouple cold junction COMpPENSAtor on a2 mono-
lithic chip. It combines an ice-point reference with 2 pre-
calibrated amplifier 1o produce a high level (10mV/C)
output directly from a thermocouple signal. Pin-strapping
oprions allow it to be used as a linear amplifiercompensatar
or 3s a switched ourput set-point controller using either
fixed or remote set-point control. It can be used to amplify
1ts compensation voltage directly, thereby CORVErting it to

a stand-alone Celsius transducer with a low-impedanee
voltage output.

The AD596 is 2 low cost instrumentation amplifier and
thermocouple cold junction compensator for set-point
control applications. The AD596 is packaged in a rugged
hermetic 10 pin TO-100 metal can and its cold Junction
compensation circuit is trimmed 5o that it will remain

. dccurate over a wide ambient temperature range, internal

architecture.

It is commonly known that the characteristics of bipolar
JUnction transistors are temperature sensitive, and i is 2
usual object of lincar design to suppress this sensitivity. In
the case of the AD594/ADS595, however, certain well be-
haved and repeatable temperature dependent parameters
are exploited to produce the cold junction compensation
voltage. When two transistors are operated at different
emitter current densities, the difference in their base-
cmitter voltages will be proportional 1o absolute remperatwie
or FTAT. The base-emitter voltages of a single transistor
falls with rising temperature in 2 way that can be extra-
polated ro a known voltage at absolute zero. This voltage
complements 3 PTAT voltage with respect to the known
bandgap voltage and is referred to 2s CTAT.

Although these two voltages are predictably related to
ibsolute temperarure, their difference can be related to
Celsius temperature as shown here,

Vot
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fee-Point Compensation from the Difference of a PTAT and
¢ CTAT Voltage

‘Two temperature sensitive valtages can be denved from the
uansistor basc-emirter charactenstics which e1n be scaled
so that their difference approximares the outpur of an ice
referenced thermocouple measunng the IC rem
This difference is 2270 at zero Celsius 3nd INCTE1se s more-or-
less lincarly with temperarure. Thess voltages are produced
by four transistors in the AD594/AD595 A CUrTENT MurTar
15 used to foree 3 pair of wries conpeseed transistors (Qs.
Qx.in the fygure below) o operate af the ame current 1s
another series connected pair (Q. Q3). Three of these
transistors arc the same size and therefore Dperate at cqual
current denainics. Consequently, they have the same bases
emitter voltage. The fourth ransistor is larger than the
others %o that at the same current it gperates at lower cur-
rent density. This implies that it has 3 lower base<emitter
voltage. The baseemitter juncuons of the four transistors
connectin 2 loop which is completed by a resstor. Two of
the voltages are connected 1o subtract from the others 50
that the net voltage across the resistor is just the difference

berween the basecmitter volrage of the differently sized
transistors.

perarure

As noted before, this voltage will be PTAT and is scaled 1o
the proper magnitude by a thin film necwork in the
ADS34/ADS95, It is also possible to extract the sum of the
two bascemitter voltages from ths loop. This sum s CTAT
and when properly scaled makes up the ather Temperarure
sensitive voltage for the lee-Point Compensation
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A Cross-Connected Transistor Quad Provides CTAT Voltage
in the Form of 2VgEeS and FTAT Valtage from the
Difference of Vge$s
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Two-Terminal IC
Temperature Transducer

AD290"

= FEATURES

- Linear Curremt Output: TuAJK

Wide Range: -55°C 10 +150°C

Probe Compatible Ceramic Sensor Package

Two-Terminal Davics: Voltege In/Current Out

Laser Trimmed to 20.5°C Calibration Accuracy (ADSS0M)
Excellent Linearity: +0.3°C Over Full Range (AD520M)

Wide Power Supply Range: +4V to +30V
Sensor olation from Case

FRODLICT DESCRIPTION

The ADS®0 is 3 two-terminal INTEErated circuit temperature

ransducer which produces an QuUIpUL current proportional ro
absolute tzmperature For supply voltages betwesn +4V and
=30V the device acts a5 3 nigh impedance, CORSTtEnt currene

regulator passing 1paA/K, Laser trimming of the chip's thin film
FESISTONS 15 Us2d 1o calibrare the deviee 1o 298.2UA outpur ar
29B 2K (=25°C)

e ———————

[ " ]

The ADS90 should be used un any
uon below +150°C 1a which £o

fUre sensom ac currenely employed. The inherent low cost of
a monalithic integrated circuir combined with the
OF suppar circuitry makes the AD590 an attractive alternative
for mzny femperature measurement Situations. Linearization
Clrcuitry, precision voltage amplifiees, resstance messy nng
circuitry znd cold junction tempensation are not needed in
ipplying the ADS90
Inaddinion 1o lemperature me
Ismiperature compensation or

[Emperature =nang applics-
nventional electrical tempera-

climinacion

'

dsurement, applications include 3
of discrere COMmpo-
mperature, flow rate

nof fluids and inemometry. The

¢ e chip form making it suitable for hybrid
SIERINE Angd fasy eemperature Measurements in protected on-
Vilfonmenrts

The ADSS0 is partic
tont The device iy nEnstive to
duc 10 its hgh impedance current
bwisted pair s sufficient for opera

the szcemving Circuitey. The putput charicterisnics also make
the ADS 90 easy 1o multiplex. the current can be switched by
# EMOS muluplexer or the upp :

Iy voltage can be surtched by
2 logee gate QuUIpLL,

"Covered by Petent No. 4121498

CoImection
Bends, biaang proporsonal o absolute te
measurement. level detectin
ADS90 iz avzilab!

plardy uselul'in remore $Cnsng apolics

voltage drops over long lines
eurput. Any well-insulared
too hundreds of feet from

. The h

ADS90 FUNCTIONAL BLOCK DIAGRAM

+

CAN

TO-52
BOTTOM VIEW

PRODUCT HIGHLIGHTS

I, The ADS90 is a calibrated two terminal temperature sensor

requining only 3 de velrage supply («4V 1o =30V). Costly

transmutters, filters, lead wire compenstation and linearizz-

uen circuits are all unnecessary in applying the device

Statc-of-the-art laser irmming at the wafer lev

clin conjunc-
fion with extensive final tesring ansures that ADS90 units
4fe casily interchangeable,

Superior interference TEjection resuis from the ourpur
being a current rather than a voluge. In addition, power
Fequirements are low (1.5mW's @ 5V @ «25°C). These
feactures make the AD590 €35y to apply 3% 3 remore sensor.

igh'outpur impedance (>10MQ) provides excellenr
fejection of supply voltage dnft and ripple. For instance.
changing the power supply from §V

10 IOV results in anly
3 1UA maximum SUFIENL ¢

hange, or 1°C cquivalent error
The ADSP0 s electrically durable;
forward ¥oitage 'up to
Hence, supply |
the Sevice

it will withstand a
4V dnd 2 reverse voitage of 20V

fregularinies or-pin teversal will not damzge

SPECIFICATIONS

+ 25°C and \';=5'I" et otherwiss roted)

AD550] ADAw) = ADSSGK
Min Trp Masx Mia Trp Max s Ty Maz Uoa
ABSOLUTE MAXIMUM RATINGS -
Forward Veluge(E+ 10E ) “ &4 -4 .f.; -.r._‘-“
Roverse Voluge [E+ o E— ) -3 - 20 ~ 3 :.-,_m
Beeakdown Voluage (Casc 10 E+ or E= | = 300 =100 =100 Vediy
Rundem:u-cTrn:p-:nturtﬂwf' =55 - | 50 - 44 - |53 = - 1:.1 :;';
Storege Temperarure Fanpe! - &4 - 155 - 44 -i:a': -4 = {45 ©
Lexd Tenpersture (Soldening, 10 sec) + 300 s U - W10 -
POWERSUPPLY . B - "
Orperaung Volugs Range 4 - . wi
OUTPUT - - - .
Nominal Current Cutput & = 25°C (288 2K) 15782 fﬂ 2 4 -
Nomic Tem perature Coeflicies; | i . ¢ = _E K
Calibration Error (@ + 25°C =10 =50 — =3
Absolute Error (aver rated performance
lemm peratiire rangs ) . .
Without External Calibraon Adjoumen) = =10 o F C
With + 25°C Calibravon Errer 5ot (o 2210 =51 =18 ::. T:
Nenlincinuy ::}.? f:‘- _.:- : 1’:
Repestabibiy” =0.1 S | =44 =
Long Term Drift! . =0.1 . =6.1 n = S
Current Norse & )
Power Supply Rejecting - * ¥
- AVEV 5 o 1Y 0.5 o ¥ e
e SV=Vez + 15V 0.2 a2 ” 5y
f” + 15V=Vis + 30V 0 Iu o . L :
Case Isolavon 1o Either Lead 10 u?_ £ L
Effective Shuni Capacitance 1)) 1II.-1 e -
Electrical Tom:-On Time 0 10 E
Reverse Biny Leakage Currene® . & .
(Reverse Voliage = 10V) (0 T :
3 oM . e
?&f'lhiiﬁfrTﬂ -7 | ADSSOIH A DS'E*I‘JL! !: :g::‘::
"F Package: FlarPack(F2A) ADSRCIF ADSMIr ADI¥0
NOTES ¢ | A
I = ad = 20000 for ehiart peraads *Lesiagr surrend dsubics vvery 107
L}:;?:i:::: :tﬂh :::h;bﬂll{::u:: 1o the dence. However, Hee Sextica 1% [ packuge verline =lormaiae
ke absobaie erron specificd apply 1o only the mied pedarmasce Speoifications hert 0 chispr wilhoot sacir
lempeTInise runge Speaificiness shows i3 Soltface e coud sa all pstamas ‘.f..:t“u I':I.j
“Muxionim deriucn berwern = 25°C raading st empens. ghectrical trat Aetadts from (Bose e are wed 1o aloses scipang geality
fare cycliog berween =330 and « 150°C; puanateed s raird leveln Al mis and mus rpenficsioe are poimeired, Uihooh coly thee
'Caadinonx: commn =3V, constant = 125°C; puarustred, Whown in boldlacy Are imated 2a all prodecoss szt
sl jesied.
" - T I 17 gy l':i
-r_: o o - Wl - 300" L,

gl
E1fTITEITETR

TEMPERATURE SCALE CONVERSION EQUATIONS
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