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Carefully follow the instructions contained in this handbook as they suppty important
indications on the safety of the installation, use and maintenance.

Keep this handbook at hand for any further help

LTNPACKING
After the packaging has been removed, set all accessories in order so that they are not lost
and check the equipment integrity. In particular, check that the equipment is integral and
shows no visible damage.

Before connecting the power supply to the equipment, be sure wires are connect correctly
with the power supply unit.

The power supply cables must be set so that they cannot be trodded upon or squeezed by
objects.

On the equipment, there are some slots or opening for the ventilation; to ensure a reliable
operation and to protect the equipment from overheating, they must not be blocked or
covered. This equipment must be in such a position to enable a proper aeration.

Do never set the equipment on trolleys, supports, tripods, stim.rps o unstable tables. The
equipment could lall causing damages to the collided persons or it can damage itself Any
installation of the equipment must follow the instructions of the manufacturer and must be
carried out using recommended accessories.

This equipment must be employed only for the use it has been conceived, i.e. as educational
equipment, and must be used under the direct survey of expert personnel. Any other use is
unproper and so dangerous. The manufacturer cannot be considered responsible for
eventual damages due to unproper, wrong or unreasonable uses.

PRECAUTIONS!
ln order to safeguard the user's safety and the equipment operation, when using electrical
equipment some fundamental rules must be followed. In particular the following regulation
for use must be followed:



ln case of fault and/or bad operation, turn off the equipment and do not tamper it. In case
of reparation, ask the center for technical assistanoe oi ast exclusively original tput. punr.
If these conditions are not respected, the equipment can be compromise¿. 

-

In case of penetration of objects or liquids inside the equipment, and make it checked by
qualifÌed personnel before using again.

At¡rbient temperature: from 0 to 45oC
Relative humidity: from 20 to g0 Zo.
Avoicl any quick shift of temperature and humidity.

CLEANING TI{E EQUIPMENT

tJse a. soft and dry cloth to clean the container and the silk screen panel.
insecticide or chemical products or solvents for cleaning.

\/IBIIATION,S OR COLLISIONS
Be careful not to cause vibrations or collibions.

Do never use
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DESCRIPTION OF THE MOOULE

7 DESCRIPTTON OF THE TîODUT,E

Description of the llodule

Module G13 with unit TY13/EV enables the study of light transducers and
carries out the autonatie eontrol of light.
Module G13 consists of 7 separate blocks (see spaces enclosed inside
dotted lines in fígure 1.1 ).
These blocks are:
. Set-point
. PID Controller
. Error Amplifier
. Power Amnlifier
. Signal Conditioners

. Photoresistor Conditioner. Photodiode Conditioner

. Phototransistor Conditioner
h¡e are going to analyse the operation of all these blocks in the
following chapters, fron an electrical point of view and also as a
system (input/output ratio and transfer function).
Module G13 is powered by a dual voltage equal to t12 vdc 0.5A and a
voltage equal to 30Vdc 0.5A.
The external unit TY13/EV (see fig 1.2) contains the actuator (3-Watt
incandescent 1*p), 3 different light transducers (photodiode,
phototransistor, photoresistor) and a second actuator to generate a
trouble signal.
The connection between unit TY13/EV and nodule G13 is achieved via a
cable with a 8-pole socket and two unipolar wires: the polrer anplifier
is connected to the actuator via these two wires, while the nodule
Powers the transducers and receives their output signals via the 8-pole
cab 1e.
The connection betr+een the two parts is achieved by inserting the proper
cables ori the right side of module G13 (which is called LIGHT PROCESS
uNrr).
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DESCRIPTION OF THE MODULE

fig. 1.2
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CHAPTER 2

LTGHT TRANSDTi]CERS2

2.1 Tr¡nsducer General Concept

Devices converting energy from one forn to another are generally called
TRANSDUCERS.
Hereafter, this tern is used to define those devices which transforns aphysical quantity into an electrical one.
The typical block diagram of a transducer is represented in fig. 1.1.The output electrical quantity of a transd.ucår can be a võltag", acurrent, a resistor and so on.
According to the different,output electrical quantity, transducers aredivided into digital or analog:-with analog trånsducerÁ, a D.c. erectricinput eorresponds to a D.c. electrical -output proportional to theneasured quantíty. I,/hile in a digital transduäer, it åorr."ponds to aseries of digital signals.
Generally speaking, this conversion need.s such an energy absorption thatthe transducer is a trouble for the analysed proeess.

PHYS I CA L

OUAN T Y
ELECTRICAL
O UA N lITY

fis. 2.1

TRANSDUCER
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LIGHT TRANSDUCERS

T!" following chapters analyse the detaiLed. characteristics ofsingle light transducer used in unit Ty13/EV.
Each of them has specific and connon characteristics, anong which
main ones are:

each

the

value of the

effective

- Rrnge
It ís the difference between the nininum and naxinun
physical quantity to be neasured by the transducer.

- Proportionality factor
It is the ratio between input and output values of a certain quantity.

- Linearity error
It is the deviation of the proportionality factor between input andoutput and is expressed in percentage of the maxinun output value.

- Accuracy (neasureuent error)
It is the maximum deviation between the measured and thevalue and is expressed in percentage of the f.s.d..

- Res¡nnse speed
It indicates
variations

the speed of the output quantity to follow the input

- Stabilitv
It is the constant ratio between input and output under all operatingconditions.

- Repeatability
It is the tolerance inside which values of the sane measurenent
included and is nornally expressed as a part of accuracy.

2.1.1 Linearity of a Transducer

A large part of transducers is linear type and, during experimentation,the percentage linearity is a najor ¿atã.
As the procedure for the calculation of the linearity is the sane forall transducers' lle are nolr to describe it and we wiil ah+ays refer toit in the developnent of all the experiences.
In order to deternine the transducer input/output curve, a set ofmeasurement is carried out, by detecting the output values correspondingto the different inpur values of the input physiãal quantity.Once the cartesian diagram is ptoltea- wittr tlie poiits of themeasureneirtb detected, the line, approximating thes" påint" at best,can be traced.

It is the best fitting straight line.

are
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CHAPTER 2

two lines, parallel and equidístant to the best
can be traced, in a way to include all points

Then, line pararlel to the y-axis has to be traced, and thewhere it crosses^the two parallär lines "r" "uit"¿ vt and v2 (fig.The percentage linearity, referred to the f.s.d., is given byì-'

At this point,
straight 1ine,
diagran.

Lin

OUTPUT

lvz - vrl

fitting
of the

points
2.2)

1

ltl=t-
2

100
V f.s.

BTST FITTING
STRIGHT LINI

V1

0
PHYSICAL QUÀNTITY

fig. 2.2

2.1.2 Signal Conditioner

usuaIly, the output electrical quantity of a transducer cannot bedirectly manipulated.
For exanple' thè output voltage range nay not be the wished one, thesupplied signal.porrer nay be tðo lowl the erectric quantity may not bethe one requested, and so on.
For these reasons, the transducer is never supplied alone but r¡ith aSIGNAL CONDITIONER.
The signal conditioner is an instrument converting an electricalquantity into another electrícal one which is more suitable to the

-6-



LIGHT TRANSDUCERS

specific application.
In the block diagrans, the signal conditioner is represented as infigure 2.3.

ELECTRI CAL
QUANTITY

E LECTR I CAL
Q UAN TITY

figure 2.3

SIGNAL
CONOITIONER

In most cases the
s r vc cont act w1 rh the Phys I ca1 quant 1 ty to t ransduceb 1ock d ].Agrâns gene v represent the Process thera1 I so the

Transducer and theSignal Cond I tioner as 1n f ig 2 4

COMMAND

r
I
I

I
I

I
I
I
I
I
I
I
L

PHYSICAL QUANIIÍY

ELECTR ICAL
OUANIITY

fig. 2.4
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CHAPTER 2

2.2 Líght Îr¡nsducers

Light transducers are devices which transforn the light radiation into
an electrical quantity (resistance, current) and can be used in industry
as light transducers and also as indirect transducers of other physicai
quantities such as position, angular speed and so on.
A light radiation is that region of the electromagnetic spectrun which
includes the infrared, visible and ultraviolet components.
Part of the light radiation can be detected by the hunan eye and is
defined as visible radiation or t'Líghtrr. The hunan eyê, an]ryay, is
differently affected by the different wave-lengths of the visible
radiation.
Fig. 2.5 shows the generally accepted division of the electromagnetic
spectrum: note how linited is the visible part.

1 O. .l O, 102 1 - 104 10. 1O-. 10-€ 1O_'o 1O-'2 1O_'.

102 f O. 10. 1Or 10,0 1Or2 1O'. 1O'. 1O'r I O¡o 1022

À [m]

t [Hz]

0.c microwoves visible x -r0ys

rodio lrosmissions infrored ultroviolet g0mm0 roys

LIGHT RADIATION

fig. 2.5

The table of fig. 2.6 shows the measurenent units of the International
Systen concerning the electronagnetic radiation.
In the study of the electronagnetic radiatíon, Photonetry deals strictly
with the light phenonena and the units adopted are different fron thê
ones of the International System of measurenent as they refer to the
characteristics qf the hunan eye.
Particularly, the light flon is detected by the radiation flow by
weighting it with the standard sensitivity curve of the eye as function
of the different wavelengths.
Fig. 2.7 shows the neasurenent units related to the light quantities;
note that when the flow units change, all the other unitÀ change, too.

-8-



LIGHT TRANSDUCERS

PARAM EÏE R SYMEOL DEFI NITI O N UNIf

RADIANT INERGY 0e joule

RADIANf FLOW P P=? .joule/s=wott

RADIANT INTENSIfY J ,=å wott /sterodio n

RAD IAT ION H H=
P

Ã
wott/m¡

fig. 2.6

PARAM ETTR SYMBOL D EFIN ITIO N UNIT SYMBOL

LIGHI TNERGY Qv lumenrsecondo lm .s

LIGHT FLO!v F
.0v't lumen lm

LIGHT INTENSITY F

u
lumen/sterodion=

condelo cd

I LLU M I NATIO N E E
F

A
lumen/m¡ =lux lx

fig. 2.7

Interacting with substance, the light radiation produces different
effects.
Anong which' there is the ttPhotoelectric Effect" which consists in the
liberation of electrons by electronagnetic radiation incident on a metal
surface and in case of sániconductois, in the generation of electron-
hole pairs.
The first phenomenon is called photoenission and is applied to
phototubes, photomultipliers and so on.
As far as concerns the photelectric effects on semiconductors, they can
be divided into two kinds and precisely:

9



CHAPTER 2

I . Photoconductive Effect

The. conductivity of a seniconductor bar depends on the intensity oflight radiation which strikes it.
2 Photoelectric effect on the junction (photovoltaic Effect)

the

on the

generated

The current across a reversely biased p-N junction dependsintensity of the light radiation.
If the junction is not biased, an electromotive force isacross it (nhotovoltaic effect).
D-evices belonging to the first category are called photoresistors, whilethose- belonging to the second are cãuäd photodiodeå, photerectric cellsand phototransistors.

Hereafter follow a detailed analysis of these devices.

2.2.1 Photoresistors

The photoresistor is a passive semiconductor conponent without junction.
Figure 2.8 shows the resistance-irradiation characteristic curve of thephotoresistor, with related symbol.

R

[oru]

ù
R

E [LUx

fig. 2.8
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LIGHT TRANSDUCERS

llhen crossed by a light radiation, ít varies its resistance as a resultof the photoconductive effect: the resistance drops r¡hen the 1ight
increases.
In dark conditions, the photoresistor practically acts as an insulating
piece, as it has resistance values ¡¡eaãured in Mh (dark resistance); iÏstrongly illuninated it has very low resistance values neasured úp to
some tens of 0.
The naterial used for a photoresistor determines the wavelength at which
the device presents the maxinun sensitivity.
The following naterials are used as photosensible naterials: crystal of
cadmiun sulphide or lead for sensors rvithin the visible räng" andcrystal of cadniu¡n selenide for sensors in the infrared range.
The parameters of a photoresistor are, in addition to the cñaracteristic
curve or the resistive values related to deternine light values, are:

' the wavelength at shich it presents the na¡imum sensitivity.
. The ma¡imum lxrrer which c¡n be dissipated.

. the ma¡imum voltage peak.

The photoresistor used in unit Ty13/Ev has the following maincharacteristics (see data sheet for details):

Resistance (10.76 Lux ): 100 KA

Resista¡¡ce (1076 Lr¡t ) : 2400 A

üininun dark resistance : 4 He

Ha¡imum voltage peak : 250 V

llaxinr¡n dissipable power : 100 nH

llaxinr¡m sensitivity: 0.55 pt

2.2.2 Signal Conditioners for photoresistor

Refer to figure 2.9.
I{ith switch I1 in the positio
the rest of the circuit so tha
of the other conponents.

, the transducer is disconnected from
t can be analysed r¿ithout the influence

nA
ti
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Practically, it ís possible to ínsert a nultimeter between termand 17 for the direct neasurement of the resistancephotoresistor. I{ith I1 to the position B, the photoresistor isto the rest of the circuit, paiti-cularly to thå ínverting inputN.B.: the . voJtage equal to -svde, connected to the pnátoiesi
taken fron -l2Vdc via the circuit of figure 2.10

inals 16
of the

connected
of IC1.
stor, js

0
-5V

c
zèv

fíg 2.10

?903
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LIGHT TRANSDUCERS

The amplifier IC1 is connected as inverting anpLífier. The input signal
consists of a fixed voltage (-Svdc), while, being the invertiñg inpu[ a
virtual ground point, what varies is the resistance of the Èranãducer
and consequently the current across the feedback chain (R4 and Rv2).
R1, R2, R3 and RV1 are used to zero the offset voltage of IC1 and the
voltage generated by the photoresistor at dark.
The transistor T is used to anplify the output current of IC1, which is
necessary as the value of the photoresistor (and conseguently R4+RV2) is
very 1ow.
IC1 varies its output until the voltage of the emitter of the transistor
(point from which the signal for the feedback is effectively taken)
does not reach such a level to make the sane anplifier operate in the
linearity region (voltage of the inverting input equal to the voltage of
the non inverting input).
The output of the signal conditioner is calibrated so that a light of
300 LUX corresponds to an output voltage of 8 volt.

2.2.3 Photodiode

the photodiode is
semiconductor diode,
is reversely biased.

a device r¡hich structure is sinilar to a conmon
with a P-N junction, and, for this kind of use, it

diode, while, when the junction is crossed by a light radiation, the
reverse current increases.
Fig 2.11 shows a typical relation between i1lu¡nination and reverse
current together hrith the synbol of the device.

rR

tøl

r 0000

r 000

100

D 10

0.r

0.0 I

0.00 r

0.0 I 0.1 I 10 lo0 toJ lo' lo5

fíg. 2.11

loq E

[tux ]
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CHAPTER 2

The reverse current of photodiodes can take values ranging inside sonenA and some tens of nA and the mostly used seniconductor naterials aresilicon, germanium, galliun arsenide änd other semiconductor compounds.Particularly, silicon photodiodes have the naximun sensitivity ;å--ü¡tradiations with-.wavelength ranging within 0.g and d.õ-"*, whilegernaniun photodiodes within 1.6-anã 1.g lrr, i.e. in the regiän of theinfrared.
The characteristics can be inproved with a p-I-N structure, i.e.interposing a not doped seniconduãtor (Inrrinsic) uetween-l;;-;r" dopedseniconductors P and N.
If a photodiode, which is not biased and r¡ithout load, is illuninated,it is crossed by a voltage generated inside the junction by theinteraction between the ligh[ raãiation and the seniconductive material(photovoltaic effect) .
If, then a load is applied to the photodiode, there is a passage ofcurrent and , in this ïay , a generalor of electrical energy is create¿.The above said- is the operating principle of rrphotovoltaic cells,,(further details on thãse ¿eiicås 

".i be found in specializedliterature).
The . typical Parameters of photodiodes, beside the characteristic curveor the resistive values conèerning some light values, are:

' The marimum reverse voltage shich cnn be applied across it.
. The ma¡imr¡m 1þwer which c¡n be dissipated.
. Ìlaxinr¡m switching speed (rise and fall tines).
The photodiode used in unit Ty13/Ev is p-I-N silicon type has thefollowing characteristics (see data sheet for details): J E

. llaxinr¡n reverse voltage: 32 V DC

. lla¡inun sensitivity : 0.9 un

. llarinr¡m dark current : 30 nA

. Reverse current with illunination egual to lnH/er,,2

. No-load voltage (1000 lr¡¡) : 350 nV

. Rise and fall tines : 50 ns

50 uA

14-



LIGHT TRANSDUCERS

2.2.4 Signal C;onditioner for photodiode

Refer to figure 2.12.
I'Iith switch I1 in the position A, the transducer is disconnected from
the operational anplifier and connected to resistor R7 so that it can be
analysed rvithout the influence of the other components.
Practically, it is possible to insert a voltneter betr¡een terninal ZOand ground for the direct neasurenent of the voltage drop across R7 on
the photodiode: in fact the photodiode varies the reverse current which
crosses it as function of the eleetronagnetic radiation which strikes
it.
I.iith I1 in the position B, the photodiode is connected to the
operational anplifier, particularly to the reverse input of IC1.
N.B.: the voJtage equal to -svdc, connected to the photoresistor, js

taken fron -12Vdc via the circuit of figure 2.10
The anplifier IC1 is connected as inverting anplifier. In this case, the
usable signal consists of the reverse current of the photodiode renoves
rnore or less current fron the node of the reverse input.
R1, R2, R3 and RV1 are used to zero the offset vollage of IC1 and to
bias the photodiode.
The transistor T is used to anplify the output current of Ic1, and,above all, to present a sinilar situation to the one of the
photoresistor.

T (point f
reach such
region (vo
inverting i

rom which the feedback signal is effectively taken) does not
a level to make the same anplifier operate in the linearity

ltage of the inverting input equal to the voltage of the tton
nput )

The output of the signal conditioner is calibrated so that a light of
300 LUX corresponds to an output voltage of 8 volt.

+
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t8a(

RVt
tgK

r P.D.
'TtLt00
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t00K

fig. 2.12
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CHAPTER 2

The phototransistor is a device with a structure sinilar to the one of astandard transistor, but lrith a photosensible base.
I-t- i" generally NPN kind, it is powered with a positive voltage betweenCollector and Enitter and the Base can be left äpen or connected to theenitter wíth a resistor.
In this second case, the sensitivity of the phototransistor can beadjusted by varying the value of the räsistor usãd.0n dark conditions, the current of the collector Ic is mininum andincreases with illunination.
Fig. 2.13 shor¡s the symbol with the typícaI diagran of the connection ofthe phototransistor; furthernore it sirãws the cñaracteristic curve nriththe relation between the variations of Ic and the variations of theillunination E.
rlr" nain paraneters of a phototransistor, in addition to thecharacteristic curve, are:

lbe na¡inr¡n dark current

The wavelength of na¡inu¡¡ sensitivity

The ssitehing speed (rise and fall tines)

The narinum arl'nitted values of current, voltage aad poyer.

lç
[n.'n]

R^= -
E

a'Rg( 
-

2.2.5 Phototransistor

+VCC

I

u
I

RB lr

R

tr\

r TR

Ç
I

L

0 r ILUX ]

fig. 2.13
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LIGHT TRANSDUCERS

The phototransitor used in the equipnent has
characteristics (see data sheets for details):
. Dark current : 20 r¡A

. Rise tine : 8 ps

. Fall tine : 6 ps

. Vceo na¡. : 30 V DC

the following main

2.2.6 Signal Conditioner for phototransistor

Refer to figure 2.14.
l¡ith switch 11 in the position A, the transducer is disconnected from
the operational anplifier and connected to resistor R7 so that it can be
analysed without the influence of the other conponents.
Practically, it is possible to insert an ¡mmeter between terminals 23and the terminal connected to ground for the direct measurement of the
current generated by the phototransistor by photovoltaic effect.

+l?VRI
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tæK
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fig. 2.14
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CHAPIER 2

l'/íth 11 in the - position B, the photodíode is connected to theoperational anplifier, particularly to the reverse input of lci.N'B': the voltage equal to -Svdc connected to the phoîoresistãr ¿s takenfron -12Vdc via the circuit of figure Z.l0
The amplifier IC1 is connected as- invertíng anplifier. In this case, theusable signal consists of the collector 

",rir"ni of the photodiode whichremoves current fron the node of the reverse input in ä quantity whichdepends on the radiation which strikes the base ðr trr. pnåtotransistor.
R1 ' R2' R3 and RV1 are used to zero the offset voltage of IC1 and thevoltage generated by the photoresistor at dark.
The transistor T is used lo anplify the output current of IC1 and aboveall to present a very sinilur iitn"tion-to the one of the signalconditioners seen before.
IC1 varies its output until the voltage of the emitter of the transistorT (point from r¡hich the feedback sigñal i" "irà"tively taken) does notreach such a level to nake the s"Te anplifier operate in the linearityregion. (voltage of the inverting input 

"q,r"r-tà-the voltage of the noninverting input).
The outPut of the signal condítioner is calibrated so that a light of300 LUX corresponds to an output voltage of g volt.

2.3 Exercises

This section deals
transducers.

with the most significant exercises on light

Before starting the erercises, check that the signal conditioners havealready been calibrated according to tne piocãdures described in therelated chapter.

Note on the light source

the illumination necessary to carry out the test on the lighttransducers is supplied by an incandescänt lamp with tungsten filanent,powered with 24v-which produces the right inteisity I of 3 candles.
lhis lamp is fitted inside the proceãs unit whicir is provideã with adevice to
striking the tr'anèducers is varied
Hereafterr I{ê consider the effect of the reflection inside the unit as
lgt . affecting (on this purpose the internal walls have been paintedbll"\) ' th9 light source ãs punctiforn and the irradiation as uniform inall directions.

- 18 -



LIGHT TRANSDUCERS

The solíd angle related to a sphere is egual to 4.n steradian¡ so¡ r¡ith
the relatíon of f,íg. 2.7 ne have:

f = {.¡.I [fu¡nen]

F 4.n.I I
f,=_=_=_[lr¡¡J

A 4.[.R R

Referring to the position indications on the panel over unit Ty13/Ev,
obtain the illunination shown in fig. 2.15 to r¡hich we refer during
exercises ¡

Ife
the
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CHAPTER 2

2.3.1 Detection of the characteristic cune of tbe photoresistor

The purpose of this exercise is to deternine the characteristic curve ofthe photoresistor at variation of the illunination.

' carry. out the circuit of figure 2.16 and, connect nodule G13
TY13/EV as in figure 2.17. set the switch of the pHoroRESIsroR CoNDIIIONER bl0ck to the
A

' set the nultineter to neasure the resistance and conneet itterninals 16 and 17.

to unit

position

between

. Connect nodule G13 to all the necessary supplies.
' set the lanp to the naxinun distance witrr iire slide.' !.t.the potentioneter of the SET-POINT block to the naxinun value (300Lux) and the PROPORTIONAL potentiometer of the pID CoNTRgttER block tothe naximun value.
' Move the larp near the light transducers with the slide and incorrespondence to the divisions shown on the panel of unit ry13/Ev,read the resistance value indicated by the nuliineter and report thenin table 2.1 (colunn 0Iû{).
' P1o-t a graph with illunination on the x-axis and resistance on the y_axis and draw the points detected.
' The characteristic curve of the transducer is obtained by joiningthese points.
' Remove the nultimeter from terminals 16 and 17, take the switch to Band insert the multineter, selected as voltneter for d.c. voltage,betr+een terninal 18 and ground.

2 11

r6

17

fig. 2.16

SEÏ POINT POWTR
AMPLIFIER

TYl J
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DC POWER SUPPLY

fig. 2.17

Repeat all the last neasurenents: in this case measure the response of
the transducer together with the one of the signal conditioner.
Plot a graph with illunination on the x-axis and voltage on the y-axis
and draw the ooints det-eeted-

POWIR AMPLIFITR

LI6HI UNII TY13

Lr0¡tti

The characteristic curve of the transducer together with its signal
conditioner is obtained by joining these points.
Confront the quality of the two graphs.

LUX OHM VOLT

tab. 2.1
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CHAPTER 2

2-3-2 Deternination of the Linearity of the photoresistor

The purpose of this exercise is to deternine the linearity of the systen
composed by the photoresistor and by the related signal cänditioner.As the characteristic curve of the transducer is far from being astraight line, there_ is a slight rinearity of the system.
Proceed as in the last exercise. Irrhen ti¡e table and graph have beencompleted, fo1low the proeedure described in chapter z.l.l.

2-3-3 Plotting of the characteristic curre of the photodiode

The purpose of the exercise is to plot the characteristic curve ofphotodiode, .together with its signä1 conditioner, at variations of
i 11umínation.

the
the

carry out the circuit of figure 2.1g and connect module G13 to unit
TY13/EV as in figure 2.17
set the switch of the PHoToDIoDE CoNDITIONER block to rhe position ASet the multimeter for voltage measurements and connect it betweenterminal 19 and ground.
rn this case' although a current is generated by the transducer, it ispreferable to neasure the fall this-current deiernines on the resistor
R7 as the same current is a very snaff,
Connect nodule G13 to all the necessary supplies.
set the lamp to the maxinun distance *ith iire sride.
Set.the potentiometer of the SET-P0INT block to the naximum value (300Lux) and the PROPORTIONAI potentioneter of the pID coNTRoLtER broek tothe r¡aximum value.
Move the lanp near the light transducers r+ith the slide and incorrespondence to the divisions shown on the panel of unit ry13/Ev,read the resistance value indicated by the muliineter and t"port themin table 2.2.
Plot a graph with illunination on the x-axis and voltage of the diodecathode on the y-axis and draw the points detected.The characteristic curve of the tiansducer is obtained by joining
these points.
Re¡nove the voltneter fron terninal 19, take the switch to B andinsert the voltmeter between terninals 19 and ground.
Repeat all the Last measurements: in this 

"u"" 
-r"u"ure the response ofthe transducer together with the one of the signal conditioner.Plot 9 graph with illumination on the x-axis arid voltage on the y-axisand draw the pbints detected.

The characteristic curve of the transd.ucer together with the one ofits signal conditioner is obtained by joining "th""" points.
Confront the quality of the two gr"phs.-
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fig. 2.18

rux Vout(19) Vout(22)

tab. 2.2

-23-



CHAPTER 2

2-3.4 Detemination of the Linearity of the photod.iode

The purpose of this exercise to determine the linearity of
composed by the photodiode and its signal conditioner.
Proceed as in the last exercise. when the table and graph
completed, follow the procedure described in chapter 2.7.1-.

the system

have been

2.3.5 Plotting of the Characteristic Cu¡:ve of the Phototr¡nsistor

The purpose of this exercise is to plot the characteristic curve ofphotoresistor at variations of the illunination.
the

' Carry out the circuit of figure 2.19 and connect nodule G13 to unit
TY13/EV as in figute 2.17

' Set the switch of the PHOÎOTRANSISTOR CONDITIONER block ro rheposition A
' Set the nultineter for current measurements and connect its terninals

between terminal 23 and ground.. Connect module G13 to all the necessary supplies.. Set the lanp to the maxinun distance r¡ith lhe slide.
' Set.the potentioneter of the SEÎ-POINT block to the naximun value (300

Lux) and the PROPORTIONAL potentiometer of the pID g9NTR9LLER block tothe maximum value.
' Move the lanp near the light transducers with the slide, and ineorresPondence to the divisions shown on the panel of unit Ty13/EV,

read the resistance values indicated by the multimeter and report thenin table 2.3.
' Plot a graph r¡ith illunination on the x-axis and current on the y-axis

and draw the points detected.
' The characteristic curve of the transd,ucer is obtained by joining

these points.
' Remove the nultineter terninar 23 and ground, take the switch to Band insert the multineter, selected as voltneter for d.c. voltage,

between terminal 28 and ground.
' Repeat all the last measurenents: in this case neasure the response ofthe transducer together with the one of the signal conditioner.' Plot a graph with illunination on the x-axis añd voltage on the y-axis

ordinates and draw the points detected.
' The characteristic curve of the transducer together with its signalconditioner is obtained by joining these points.. Confront the qu.ality of the two grãphs.

I
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2.3.6 Dete¡:ni¡ation of tbe Liaearity of the phototransistor

The purpose of thís exercise is to deternine the linearity of the systenconposed by the phototransistor and the related signal 
"oädition"".Proceed as in the last exercise. I{hen the table ãnd gt"ph--À"u" beencompleted, follow the procedure described ín chapter 2,1.i'.
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3. THE AUTOÌíATTC CONTROL

3.1 GET{ERA TEATT'RXS

Before dealing with the description of light control, letrs make a
summary of the nain concepts of autonatic control which are necessary
for the understanding of the same process.
l/e want to point out that this handbook is not a treatise on Automatic
Controls, but only takes the concepts of this theory which are necessary
to explain process controls.
A 'rPEysrcÂt PROcEsst' , which can be simply called ,pRocEss" is a set ofphysical transfornations and /ot of substance and /or êñêr.,w
transmissions.
Exanples of industrial processes are: oil refinery, netal ro11ing, stean
production, and so on.
These conplex Processes consists of elenentary processes, which are the
subjects of this handbook.
The theory of Autonatic controls demonstrates, in fact, that the
knowledge of the single parts of the systems gives the knowledge of the
systen as a whole.
ttCONTROL" means the control actions to be performed to obtain the r¡ished
course of the process.
"AIJToìIATIC COlllRoLt' neans the control performed without nants operation.
These actions will be performed by the devices of the tt C0I|TROL SYSTEU''.
Manual control is when mants action varies according to the results from
the cornparison ¿ìmong the assuned and establisÀed values of the
controlled quantity.
Automatic control is when the systen itself can control the control
variables in order to cancel the difference among the assuned and
established values of the controlled quantity.TTINPUT, or rrsET-PoINT" is the stimulus (or âxcitation) applied. to the
control system.
The rtOtlfPllf, is the variable of the process which is to be controlled.ttSYSTHtt, is the union of process aná control system.
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CHAPTER 3

3.1.1 Block Diagran

h¡hen studying control systems, it is useful to graphically describe theinteraction ¡mong the different components in-orãer to ioint out thetransmitted information stream and the actions of each ptõ"""" variableonto the others.
This graphicaL representation is called "FUNCTIoNAL BL0CK DtrAGRAI,{,,.Fíg. 3.1 shows a functional block with input and output oriented
segments representing the infornation stre¡m

INPUT
E

u
F=-

E

O UTPUT
U

fig. 3.1

A block can be characterised only by defining the output as aof the input.
The most accurate way to do it is by using the rrÎrr'sfer
which can generally be expressed with :

function

Functionrr,

BLOCK
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THE AUTOMATIC CONTROL

where E is the input signal (with variable s, see Laplace transf.) and uis the output signal (always with variable s).
Addiction and subtraction are represented with adding and subtractingpoles; they are replaced by circles in rvhich the + and - signs are
indicated as necessary for the arrows entering or leaving the circle(fig. 3.2).
Any nunber of inputs nay enter an adder.

ÃJ

x1 Y=Xr+X2 x1 Y=x I -X2 -X3

x2 x2

fig. 3.2

If the sane signal is to be used as an input variable into more than one
block or adder, a branch point is used (fig. 3.3).
Fron a starting block representation of tñe "y"ier, it is possible to
change two or more elenentary blocks with a single block whose transfer
function will correspond to the conbination óf each block transfer
function, representing the whole systen with a singre brock.
the rules collecting this operations are called ttblock diagram algebra'r.

X1

x1

x1

x1

fig. 3.3
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3.1.2 Control Systens Classification

The control
precisely:

systems are classified into two general categories,

* Open-loop systens.

* Closed-loop or Feedback Systens

Open-Loop systems are those in which the control action is independentof the output. In closed-loop systems, the control action depends, in
some way on the output.
The difference among the values of the controlled and the referencequantity will produce an action ained at cancelling the differenceitself.
Fig. 3.4 shows the block diagrarn of a negative feedback control system.

NOISE

REFER
TRROR

C O N TROLLED
O UTP UT

c

h

fig. 3.4

CONTROLLER AMPLIFIIR PROCESSe=r-h

S ICNA L
C ON D ITION ER IRANSOUCER
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The meaning of the blocks and the signals is the following:
. Controller:

particular
the process.

It is_ t-he group of devices required to generate thecontrol signal to be applied to t-he anplifier'uì¿ an"n to

ing the

between
Signal

' Disturb¡nce: it is an unwished (input) signal ¡rhich affects the valueof the output.

::; i:tir$:å":3r;:rrlÍ"lt."ed-roop contror in respect to open_roop one

. Less sensibility to parametric variations- Less influence on thé disturbing q"*iiti."
These advantages are important because paraneters variations anddisturbances are unexpecteá.

Transducer ¡nd' Signal Conditioner: are the devices convert
,controlled o-utput -quantity into a set-point honogeneous one.EÏor 

- signal: it i¡ ¿¡s s¡gnar obtaine¿ fron the diff,erencethe Set-Point and the ñedback signai 
"orirrg fron theConditioner.

Systeos

ii; Tlrl**t"e 
the feedback system represented by the block diagran in

This configuration is knorsn as the " canonical form,, of a feedbackcontrol systen.
Any feedback systen, of any degree of complexity, may be red,uced to thecanonical forn.

OUT

fig. 3.5
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3.1.4 Linear Systens - Differential Eguations

I sysfen nay be defined as LINEAR_ (and nay therefore nornally bedescribed by a linear differential equatioä) if it ""ti"ti"" thefollowing _requirements: if an inp_!!_x1(f) produces an output y1(t) .n¿an input x2(t) produces an output yz(t), trrãn an input cr.iritj*iz.xz(t)produces an output C1.y1(t) + CZ.yZ(t), for every lair of inpúts Xf(tjand X2(t) and every pair of real constants C1 and C2.In other wordsr. the concept of linearity nay be represented by theeffect superposition.
Actually, no physical system can be described with precision by a lineardifferential equation with constant coefficients; iro*"u"t r"ny systemsmay be described, although on liníted operational fields, ,råing- thistype of equations.
The solution of a linear differential equation r¡ith constantcoefficients, ís the response of the system which it describes. It naybe divided into two parts:

. free restrþnse. forced reslþnse

Free response is the solution of the differential equation when theinput variable is identically zero.
A forced response is the solution to the differential equation when allstarting conditions are equal to zero.
The sum of these two responses represents the total response of thesystem.
The total response nay also be considered as the sum of two particular
responses:

CHAPTER 3

. transient response. steady-state response

These terns are often used to specify the characteristics of the systemand can be derived with particular input canonical functions.

3.1.5 The Laplace Tr¡nsform

Some of the techniques used in solving engineering problems are based onthe replacenenr of functions of a ieal-variablã '1"orrãiry--tir.¡ btfunct_ions or representations depending on the frequency.
Th" Laplace transform is a lransfõrmation technique relating tinefunctions to frequency dependent functions of a complãx variable.The nathenatical transformation is extrenely usefui in "or"i"g lineardifferential equations wíth constant coefficients.
When -the problem has been solved in terms of complex functions, thistransfornation must be inverted in ord.er to return to the ti¡ne domain(Inverse Laplaee Transform).
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3. 1.6 Canonical Functions

The following functions are mainly used when studying control systens:

unit inpulse function
unit step function
unit rarnp function

Each of these functions is linked to the others
integrations or derivations.
These functíons- are inportant because the response
process with these inputs, supplies infornation for
characterisation.
Particularly, the characteristics are:

Sensibilíty
Accuracy
Reslnnse speed
Stability

by one or more

obtained by the
the sane systen

3.1.7 Sensitivity of a Control Systen

sensitivity can be defined as the smallest variation ofquantity causing variations on the output quantity, or aserror producing a control action.

the reference
the smallest

3.1.8 Accuracy of a Control Systen.

Accuracy is the approxination with r¡hich a controlled quantity is keptto a set-point value.
The difference betr¡een the effective and the set-point values of thecontrolled quantity is defined as error.
Accuracy and errors can be neasured in stead.y and in transientconditions as well; in the first case there is a siatic error, in thesecond a dynanic one.
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3.1.9 Speed of Res¡nnse - Tine of Res¡nnse

The speed of response is the speed of a systen to reach a new balance;it depends on the tine constants, that is tire delays produced by thedifferent elements of the systen.
similarly the tine of response is the time employed to reach theoalance
The time of response can be neasured in two different ways, as thefollowing figure shorvs (fig. 3.6).
Here we refer to the first way.

VC

Vcf
0.9Vc f

TANGENT
Vcf

0.5 Vc f

0.1Vcf

VC

0

fig. 3.6

3.1.10 Stabitity of a Control Systen.

Stability is the systen ability to reach the balance with aperiodic ordanped oscillating operation.
I4/ith pernanent or increasing oscillations, the system will be definedas unstable.
Instability occurs when delay elenents are present in the control systencomponents: this causes over-regulations phenonena r¡hich may generatepermanent oscillations.
Fíg. 3.7 shows three different transient operations: aperiodic, danpedperiodic and pernanent periodic.

ts
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VC VC

c 0

fig. 3.7

with danped oscÍllations, the maximun value reached by the controlledquantity in transient conditions. (!cm¡ and its ratio ir, ,""p""i to thefinished transient condÍtion (vco¡'(fig. 3.9) ãre inportant.'--'

Vc

Vr

Vcm

Vc6

fig. 3.8
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The following ratio is defined as over-elongation:

Vcm - Vco
se-_

Vco

It is often not sufficient to know whether a system is stable; it istherefore normally necessary to determine the rälative stabiliiy whichis closely linked to the system transient response.As it is difficult to study (i.e. directl| solve the differentialequation) systems above seâond-order in thä time domain, àifferentGnÂPtrrc MEIroDs exists allowing the analysis of feedback controlsystems.
They are:

3.1.11 Control Systen Analysis

The main purpose of analysing a feedback contror systen is tothe following characteristici:

* transient resp,onse* steady state response* degree of stability

>k Root locus plot (s-donain study)

/¡ Bode diagran (w-domain study)

* Nyquist diagran (w-donain study)

:k Nichols chart (w-donain study)

3.2 Control Systeo Design

deternine

to obtain the desired
response, accuracy and

As regards
behavioral
stability.
The latter

the design, the main purpose is
specifications, in terns of speed

may be classified as folLows:
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* freguency-donain specifications

* tine-donain specifications.

Frequency-domain specifications are normally presented .in the fo I lowing
terms:

a) gain margin

b) phase margin

c) bandwidth

d) cutoff rate

e) resonance amplitude peak

f) resonance frequency

Tine-domain specifications are nornally defined in terms
response, which has one steady state component and
component.
steady state performance is indicative of the accuracy of

of unit-step
one transient

the system.wnlle translent performance is indicative of the speed of response and
the relatíve stability.
Typical time domain specifications are:

a) overshoot

b) delay time

c) rise time

d) settling tine

e) dominant ti¡ne constant

Considering that the transfer function of the system is difficult to
modify, it is necessary to introduce an appropriate compensating block,
the '|C0I{TR0LLER'' (fig. 3.4).
The controller can be active type (anplifier, integrative, derivative orwith two or three positions) or passive type (lãg netr¡ork and 1ead.
network).
The paraneters of a standard regulator can be modified in order toobtain the desired responses of the process (controller
prearrangenents ) .
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standard regulators which are nornally used in industry are active type,and all include proportional, integrative and derivative actions andcontrolled paraneters which give rise to the actions of the typeexplained below.
lo. some applications, a two-position (oN-orF) controller can be usedfor unidirectional systems wirite a 'three-iosition 

controller forbidirectional ones.
A controller of the last type deternines the interval applicationpower to the actuator with consequent rtriangular, op"räiion ofcontrolled variable.

3.2.1 Proportional Action (p)

This action is introduced by an anplifier/attenuator.
The output, apart from the coefficient of anplification/attenuation, isidentical to the output.
Fig. 3.9 shows an arnplifier /attenuator whose transfer function value is
KP.

of
the

3.2.2 Integrative Action (I)

Vo =K p rVi

fig. 3.9

This action
The block
action, is:

is introduced by a pure integrator.
transfer function (fig. 3.10) producing
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KI 1

W(s)=-=-
s tl.s

where rI ís the iltine constant of the integrative actionr.
The output, relative to a step input, presents a 1ínear delay. After aperiod equivalent to the tine of the integrative actíon, itre output
reaches the value of the input (fig. 3.11).

Vi yq=$.Vi

fig. 3.10

O U IPUT

INPUT

tl

fig. 3.11

Note that after reachíng the input value, the output continues
to increase at the sane iate until the input. returns to zero.
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CHAÞTER 3

3.2.3 Derivative Acrion (D)

The action is introduced by-a pure derivat,or (fig. 3.12).The output relative to a iineä" 
"*p input is equar to the var.uethe input r¿ill have after a tíme^"qui"urã"t-to the period oderivatíve action.

The transfer function is:

that
f the

t+here
3.13).

Irf(s)=s.KD=s.¡D

¡D is calred tttine constant of the derivative actionr, (see fig.

Vi \,t6 =(O rg rVi

fig. 3.12

Th" output value, whích is equivalent to the varue that theinput will have after the tine rD, is maintained untíl the inputslope changes.

V

OUTP UT

INPUT

¡0

fig. 3.13
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3.2.4 Conbined PID Action I

Letrs now consider the conbined effect of the proportional,
and derivative actions as shown in fig. 3.14.

integrative

ME

The transfer function
actions, ís:

fig. 3.14

of the regulator, nhich combines the three

KI
t{(s)=KP+-+KD.s

s

Kp.s+KI+KD.s2
I{(s) =

Note that the global function of the pID is forned by a pole
origín) and by tr{o zeroes (not in the origin).

s

(in the
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3.3 PID Controller

The PID controller rrshapes" the error behaviour so to obtain the
required one across the output for the physical quantity under test.
The block diagram of the PID controller is the one shown in figure 3.16.
The electrical diagram of the PROPORTIONAL block is shown in figure
3.17.

¡ÌtPIJT 0ufPuf

fig. 3.16

This block is composed by an operational anplifier with inverse

controller) is given by the ratio
set of R7 and of P2 r¡ith R5.

betr¡een the resistance conposed by the

æ,

rp = (R7+PZ) /R5

4 5

fig. 3.17

u 9\^ 7,6 C\n

Kp
Rrt
l6(3

Iñ
Rt

lo

3
1
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te(

6

7

Pa rñ
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The output of the pROpORTIONAL block is shifted of 1g0. (invertingamplifier) in respect to the input but this is not a problem as theoutPut of the PID controller is carried out by a reverse amplifier r¡hichtakes the phase back to 0'. The tr+o Zener dioäes 21 a¡d, 22 irevents theoutput of the oeprational amplifíer to get into saturation: in fact whenthe output voltage gets over the characterisitic value of the diode (inthis case 9.1v) its irupedance drops, limiting the gain of the anplifiÀr.
The electrical diagran of the INÎÈGRATIVE b1õck is shown in'fígure 3.1g.This block is composed by an operational anplifier connected" as pureintegrator which time constant is given by tire value of the set of R6and P1 multiplied by c2: by varying p1, it is then possible to vary thetine constant of the integrative aètion.
The sane considerations nade for the proportional block can be nade alsoas far as concerns the phase ratio betweãn input and output.

R8 trt

6 7

fig. 3.18

?.s 5^ 2ê 9Vt

3

-t

3

PI
toel(

IlN

R6
*?

R2

tolg

4

The electrical diagran of the DERMTM block is shown ín figure 3.19.This block iÈ conposed by an operational anplifier connected as shuntwhich tine constant is given by the set of ñ,g an¿ p3 multiplied by c1:by varying P3, it is, then, possible to vary the tine constant of thederivative action.
The capacitor C3 reduces the influence of high frequency disturbancesthat in thís case are very high.
The sane considerations made for the proportional block can be mad,e alsoas far as concerns the phase ratio belweãn ínput and. output.

R,tc? tp

9

I
¡c1c
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23 tr/t 24 9\rl

4
33

Ifl

D

z:t gvt 7ß wt

3

ßte

4

9
R3

fig. 3.19

3.4 EXERCISES

C3 ln

R9 R.t.-roK

lctâ
LF347

lc¡Dt1

The following instruments
experinents:

are necessary in order to carry out the

- Function generator

- Dual-trace oscilloscope

3'4'1 Check the OutPut voltage waveforu of a prolnrtional Controller
and lleasure the pro¡nrtional Constant

. Carry out the circuit shown in fig. 3.20' set the "DERIvATIvEtt potentiometer to the maxinun value. Connect the module to the voltages t12 Vdc
' Apply a square wave signal with 100 Hz frequency, 100 nv anplitude andnull nean value between point 10 and grorrrã
' Connect one probe of the oscilloscope 1o point 10 and synchronize theinstrunent to this signal
'connect the other probe of the oscilloscope to point 17' q."t up the ¡c1 anplifier gain to the miãimun value with the

'TPROPORTIONAL" knob of the poténtioneter
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conpare the difference between the output and input sígna1
Compare the output and input voltage wãve-forns
calculate the. proportionality constant Kp of the proportionalcontroller (Kp is the ratio between anplitudJ of the o,rtp,rt *a inputvoltage )
clange anplifier- Ic1 anplification with the potentiometerttPROPoRTIONALrr knob and check- the. out-put voltage variatiois. and Kpvary the wave-forn of the input signal fron sqJare to sine and then todelta and observe the proportionaf controller response to this kind ofsignals

R.t

3 45 RT

ta

fig. 3.20

3.4.2 Check the Output Voltage laveform of a Integrative Controller and
üeasure the Iine Constant

Carry out the circuit of figure 3.21
Connect the nodule only to the voltages t12 vdc
Apply a square-wave signal with 100-Hz frequency, 2-vo1t anplitude andnull nean value across point 10
Connect one probe of the oscilloscope to point 10 and synchronize ttreinstrunent to this signal
connect the other probe of the oscilloscope to point 17q..t up integrator tine constant to the mininun value with thettINTEGRATIVEtT knob of the potentiometer.

PROPmf¡ottÊL
ACÎIoil
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compare the output and the input voltage waveforn and comnent.
Calculate the theoretical time constant KI of the controller withintegrative action as given by the values of the components shown in
f ie. 3.21
Calculate the tine constant KI of the proportional controller (ft isthe time the output enploys to reach the input signal amplitude)
Change the time constant with the potentiometer t-INTEGRATM ,í knob
and check the output voltage variations and KI
Change the input signal frequency and control the variations on the
output
Apply a sine-wave signal with 100-Hz frequency, 2-vpp anplitude and
nul1 nean value
check how the output signal is the integrate of the input signal and
how, by acting on the potentiometer knob, there is a variatio-n of the
time constant on this signal.

¡TffEGRâÎIVE
ACfton

3

R+

67 RA

fig. 3.21

t0
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3.4.3 Check the 0utput Voltage llaveform of a Derivative
l{easure the line Constant

Controller and

Carry out the circuit of fígure 3.22
connect the module only to the voltages t12 yd,c (disconnect the +30
Vdc power supply)
Apply a delta wave signal nith 10.0-Hz frequency, 0.5-vo1.t anplitude
and nul1 mean value across point 10
C-onnect one probe of the osciLloscope to point 10 and synchronize theinstrunent to this signal
connect the other probe of the oscilloscope to point 17q.:t up thg. proportional constant to the mii:inun value with the
"DERMTIVE" knob of the potentiometer

compare the output and the input voltage wave forn and comrnentCalculate the theoretical time constant KD of the controller withderivative action as given by the values of the components shown infig.3.22
l,¡ith the oscilloscope, calculate the time constant KD of thecontroller with derivative action (KD is the tine necessary for theinput to reach the value of the output signal) "
vary the tine constant and check hor+ the ãutput voltage and KD vary,by acting on the potentioneter "DERMTIVEil ïnob
change the input voltage frequency and check the output vortagevariations
Now, apply a sine-wave signal with 100-Hz frequency, 2-ypp anplitude
and null mean value
check how the output signal is the derivate of the input signal and
how the tine constant variation affects this signal, uy using"the knobof the potentioneter.

R4

3 89 R3

fig. 3.22

l0
DERIVâlTVE

âgllo¡{
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THE AUTOMATIC CONTROL

3.4.4 Check the Output Voltage Haveforu of a Prolnrtional-Integrative
Controller

Carry out the circuit of figure 3.23
Apply a square wàve signal with 50-Hz frequency and 2-Vo1t amplitude
across point 10
Connect one probe of the oscilloscope to point 10 and synchronize the
instrument to this signal
Connect the other probe of the oscilloscope to point 17
Set up the proportional constant Kp to the mininum value with the
"PRoPoRTIoNALTT knob of the potentioneter
Set the tine constant of the integrator to the mininun value, by
acting on the potentiometer 'TINTEGRATIVETT knob
Conpare the output and the input voltage waveforn and connent
Switch the time and the proportionality constants from the minimun to
the maximum value and check the output voltage variations
Change the input voltage frequency and check the output voltage
variations.

PROPoRI¡t{nl-
ffiTION

RE
tel(67

TI.IIECRâÎIVE
*Tt0Ñ

ICa

4g
RT
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fig. 3.23
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3.4.5 Checking of the Haveforn of the Output Voltage
( Protrnrt ional- I ntegrat ive-Derivat ive ) Coitro f flr

Carry out the circuit of fig. 3.24
Apqly a square-wave signal with 50-Hz frequency, 2-v amplitude andnull mean value across point 10
connect one probe of the oscilloscope to point 10 and synchronize theinstrunent to this signal
connect the other probe of the oscilloscope to point 17set the proportional.ity constant. Kp to thã nininu¡n value by acting onthe potentiometer "PR0PORTIONAL" kiob
set the tine constant of the integrator to the minimun value, by usingthe potentioneter,tINTEGRATIVEi| knob
set the tirne constant of the derivator to the mininun value, by usingthe potentiometer "DERMTM" knob
comp-are- the output voltage wave-forn to the input one and connent youranalysis
vary the time and the proportionality constants from the ninimun valueto the maximun and check hon the output vortage varies
change t-he ,input voltage frequency and checÈ tn" variations of theoutput signal
In particular, check nhich are the frequencies where the proportional,the derivative and the integrative actions have more weig-ht.-

of a PID

to

,ts RT
td(

R,l
la(

3

fig. 3.24
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AUTOT'TATTC CONTROL OF LTGHT

CTTAPTER 4

4.1 ELECTR.ICÁL DNCSRIPTION OF IrE BTOCKS CO}IPOSING lUE CONTROL

4.1.1 Set-Point

The SET-POINT block supplies the input signal for the whole module. The
block is carried out with the circuit of figure 4.1. The electronic
component 21 is a variable voltage reference: in fact it operates in
order to vary the voltage of cathode K (terninal 1 ) until the voltage of
the REF point is not equal to a set-point voltage inside the sane
regulator.
This set-point voltage is equal to about 2.7v, while the REF vol tage

composed by R2, R3, RV1.
Using the tri¡oner RV1, the value of the divider can be changed until it
reaches the requíred voltage value across the cathode.
The resistor R1 causes the voltage drop between the supply voltage
(+12vdc) and the required voltage on the cathode.
lake a part of the voltage generated by 21 with the potentiometer P1,
adjustable with the LIII.ÍINOSITY knob on the module.

¿En +VREF +8.gev

fig. 4.1
L SEÏ
P0l¡tf

2X¿
LUnlñ¡s¡ÎY
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RVt
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let¡
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This voltage is the reference signal for the whole module.The capacitor c1 is used to filter trr" irrput or output voJ.tagevariations at a high speed.

4.1.2 Error Arnplifier

The 'TERROR AMPLIFIER " (fig. 4.2) is the block ¡value (set-point) and the õbtained output .r.L,r.lhich 
compares the input

It consists of an operational anplifier witr¡-Jirrerential configuration,the output of which is given (as'R4/R1=nglRãl-by arr" difference berneenthe signals presents at the two inpurs ,ril-ióiiåd by the ratio R4lR1.The trimner RV1 cancels the offset voltage oi the operational anplifier.

CHAPTER 4

FEEDSâCK
¡IIPUT

t3
RT

tgaK

SET PO¡T{T
I¡IPUI

3

l4

RVt
l8K

fig. 4.2

4.1. PID Controller

The PID controrler has already been analysed on chapter 3.3.

4.1.3 Porer Anplifier

R4
tooK

ts
RE

l6gK

R3
lEeK

+lav

Tf" power anplifier takes the output signal of the pID
adapts the- range anpritude of the actuator and, above alr,power so that it can be applied to the ""r" ""i,rator.

controller,
anplifies the

+tev

6
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Tht diagran of the Poh¡ER AMPLIFIER inserted on module G13 is shown onfigure 4.3.
The actuator under test (the incandescent lamp on unít ry13) has a rangeof 24Ydc while the pID controlleï h": " t"rrgå of gvdc: the'two signalsare proportional ifthe_voltage gain of the pãwer amplifier is 3.75.The operational anplifier tc2 is connected as invelting -"rpiiri.r. 

Inthis case, its voltage gain is given by:

AUTOMATIC CONTROL OF LIGHT

G = -Rf/Ri

where Rf is the feedback resistance (resistor between the output and theinverting input) and Ri is resístor connected between the inpüt and theinverting pin. In this case, it results that:

G = -R4lR3 = -100K/33K : _3

The explanation if the total circuit includes the analysis of theoperation of the two transistors. particularly, the operationalamplifier varies its output until the voltage 
"cros" point li reachesthe value equal to the input (terninal o) muïtiplied by tir. gain of thesame amplifier.

?
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tK il{lcl

Ltr?1t
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fig. 4.3
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CHAPTÊR 4

By rising the voltage across 6, the input current across the base of T1increases and so does the collector increases proportionally. Thismeans that the voltage lpplied across the basä ãr 12 drops andconsequently the current of the collector of T2, which deternines thevoltage across point 12, increases.
The eapacitor c1 stabilizes the system preventing oscillations. Theresistors R6 and R7 bias T2, the diode Dì limits the negative voltagewhich. can be applied to the base of T1 (especially for transistors, atstarting, for variations of the current absorbed by the lamp and soon...).

with this kind of controller, the output signal is proportional to theinput signal: whar can be varied is thã propãrtiorr"rity-ãã""i.rt.
The above said is -true only with i¿"är controliers; with realcontrollers, if the input sígnal. is roo high or if rhe propàiti.onalityfactor is too high, there are risks of satuiation and 

"onl"qir.rrtly of anon-linear behaviour.
It is evident that the behaviour is linear only for a limited range ofinput values (proportional band.).
Refer to figure 4.4.
The error signal, _obtained by the comparison between the signal suppliedby lhe signal conditioner of the transducer and the set-point signal, isamplified by a factor Kp.

4.2 Control rith p Controller

r('c )

Tr

P(\,r)

t(s )

t(s)

fig. 4.4

----1 r -'j

I
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AUTOMATIC CONTROL OF LIGHT

outside the proportional band, the controller deternines an 0N/0FF poweroutput, this means that all the available power or nothing is applied tothe actuaror (this is an area.without pråportional behãvioui), whileinside it the power is modulated.

P"n in steady state conditions (once the transitors are terninated),the power coning from the anprifier to the actuator, depends on thepower supplied'to the load and on the actuator efficiáney.' --
Note that for this kind of controller, the error is ,rä*r., nul1, butdepends on the coefficient Kp and, consequently, on the value of thes¿r,ne proportíonal band. This can also be explaiäed by saying that theerror different fron zero is necessary to obtain än å"ti"t vortagedifferent fron zero.
Different light behaviours as function of time d.epend on the chosenproportional band.
Fig. 4.5 shor¡n different light behaviours with:

a) too large Bp

b) correct Bp

c) too narrow Bp

r(c )

Ir

t(s)

fig. 4.5

0

0
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CHAPTER 4

4.3 Control ryith p I and p I D Controllers

I{e have seen that the main disadvantage of the proportional controlleris its constant need of an input *roitage diffãrent fron zero (and,consequently, an error different from zero in closed-loop controlsystems) to obtain an output voltage different from zeto. With theintegrative action, there nay be an oùtput different from zeró with nullinput and so the steady state error can be reduced to zero.In the integrative controller, the output voltage is the integrate ofthe input voltage.
It may happen that the inertia of the systen is very high, so theintegrative action introduces some phase äisplacenents which take thesystem to unstable conditions (generation oi oscillations). For thisreason, the integrative action can be united to the proportíonal one.If the oscillations remain, the derivative action is inåerted, together
"i!h lh" proportional and the integrative ones, so to create a moreeffective starting control action.
In the derivative controller, the output is the derivate of the inputfunction and so. it has- a strong influãnce on the rapidly changing zetosignals. As a limit, when the input voltage is constant and differentfrom zero, its output is nul1.
v/ith t!" process evolution, the derivative action is replaced by theintegral one to cancel the regulating error in respect to the value onsteady state.

4.4 Controller Set-up

I,Jhen the standard pID regulator is inserted in a feedback process, theproblen arises of deternining the paraneters Kp, KI and Kb whieh arenecessary for an accurate regulation (aceording to the givenspecifications) of the controlled quantity.
Generally, this problem is solved by cLoosing the Kp value first,excluding the other two actions, and then obtãining the ""iu" of KIfirst and of KD after.
Procedures, obtained by several enpirical tests on the processes, areavailable which permits to deterniné the controller set-ui for the best
resPonse.
Standard setting procedures nay be classified into two groups, depending
on whether the set-up is based on:

a) the behaviour at the limit of stability of the entire feedback
system;

b) the tine response of the process at the step input.
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AUTOMATIC CONTROL OF LIGHT

The procedures included in the first group assr¡me that it is possible tobring the (closed-loop) control system to rhe limit of its "tãùirity byadjusting the paraneters of the controller.
when at the lirnit of stability, it is obvious that the oscillations ofthe variable quantities must not danage the process.
The best-known of the proposed proc"ãut"s i-s the Ziegler-Nicho1s one,which consists in the following operations:

- exclusion of the integrative action
- exclusion of the derivative action
- increase of KP, starting from the ninimun value, until the closed-loopsysten reaches the linit of stability
- neasurement of the value Kpc of Kp which makes the systen unstable- detection of the period Tc of the oscillation r¡hich occurs in thesysten above the limit of stability.

Once the two values Kpc and Tc are obtained, the Ziegler-Nicholssuggests setting the parameters of the regulatoi, in thepossible cases, as shown in the following tablã:

method
various

CONTROLTER KP KP/KI KD/KP

P 0. 5. KPc

PI 0.45.KPc 0.85.Tc

PID 0.6.KPc 0.5.Tc 0.12.Ic

The procedures belonging to the second, group include the possibility
measure the indicial response of the open-loop process.Ziegler and Nichols have developed thã fornui"ä ro, this group
which can be sunned up as follows (refer to fig. 4.6). o-

to

too,
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- Open the feedback loop
- Take the gaín Kp to unit value
- Exclude the integrative and derivative action- set a unit step sígnal at the.input and analyse the response ofsignal conditioner output, which r¡ill be ." 

"horn in rig. - a.othe three fundanental paraneters are pointed out:
:c ¡ç = gain
* Tn = dead tine
:bT=tineconstant

the
where

s tT-P0 r N I

OP TN.LOO P
rN0rcAt

RESPON S E

K

0,9 K

0.1K

Im T

fig. 4.6

CONTROLLER
KP=l AM P L IFIER PROCESS

SIGNAL
CONDITIONER IRANSDUCER
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AUTOMATIC CONTROL OF LIGHT

hlith this method, Ziegler and Nichols have developed the formulaeto obtain the values of Kp, ¡I and rD of the basic-paraneters.
These formulae are listed in the following table.

used

CONTROLLER KP KP/KI KD/KP

P
1T

KTm

PI
0.9 T

KTm
3. 3.Tm

PID
1.2 T

KTn
2.Tn 0. 5.Tn

4.5 E¡ercises

4.5.1 Automatic Open-loop Control of Líght
. Carry out the circuit of figure 4.7
'connect module G13 to unit ry13/EV as shown in figure 2.17' Set the slide of unit TY13/EV to the position 300 lux and the switches

9I !h" signal conditioners (PHoToRESISToR, pHoToDIoDE, pHoToTRANsisïoR
C0NDITIONER) to the posirion B

'!üith t-h.e set-po.in-t apply a voltage of 4 volt: this voltage correspondsto a light of 150 lux
' Measure the output voltage of the signal conditioner of thephototransistor. This voltage must be very ì-r"rr 4 volt. Take the slide to the position 370 lux
' RePeat the measurement of the output voltage of the signal conditionerof the phototransistor
' Note a stro¡g increase of voltage which represents the light. Which ísthe reason?
' Repeat- the neasr¡renent ,using the other two transducers present in unit

TY13 (photoresistor and pholodiode).
' Repeat the last measurements for all the SET-P0INT values reported intable 4.1
' Report the set--point- voltage/light díagrans in fig. 4.g in the twocases with the slide in the position 300 lux and 37-0 lux.' Confront the values obtained in the two positions different from theslide
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ooooo

28

sEl polllt Port¡ ¡rPufr€¡

11

LIGHT UNIf TYl J

u0¡rn

fig. 4.7

tab 4.1

SET-POINT 300 lux 370 h¡x

1 volt

2 volt

3 volt

4 volt

5 volt

6 volt

7 volt

8 volt
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LUMINOSITA'
LUX

J00

r50

75

23 45 6 7 I SET POINT
VO LI

fig. 4.8

4.5.2 Automatic Closed-loop Control of Light

Carry out the circuit of figure 4.9
Connect nodule G13 to unit TY13/EV as shown in figure 2.17
Set the slide of unit TY13/EV to the position 300 lux and the switches
of the signal conditioners (PH0ToRESISToR, pHoroDioDE, pHoToTRANsisToR
C0NDITIONER) to the position B
Set the PID CONTR0LLER to the naxinum with the PROPORTIONAL knob and
to the minimun with the INTEGRATIVE one
I,¡ith the set-point I apply a voltage of 4 volt: this voltage
corresponds to a light of 150 1ux
Measure the output voltage of the signal conditioner of the
phototransistor. This voltage must be very near 4 Volt
Take the slide to the position 370 lux: this causes a light value of
370 lux for a voltage of Z4YoIt applied to the lanp when this is near
the transducers
Repeat the neasurement of the output voltage of the signal conditioner
of the phototransistor

Why does the neasured voltage keep close to 4 VoIt?
Repeat the neasurenent carried out before for all the SET-POINT values
shown in table 4.1
Report the set-point voltage/light diagrans in a figure like 4.9 in
the tno cases r¡ith the slide in the position 300 1ux and 370 lux.
Confront the values obtained in this case with the ones obtained in
the open-loop control.
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fig. 4.9

tab. 4.2

SET-POINT 300 lux 370 lux

1 volt

2 volt

3 volt

4 volt

5 volt

6 volt

7 volt

I volt
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4.5.3 closed-loop Autonatic control of Líght: Effect of the
Con¡nnents of the pID Controller

Different

Carry out the circuit of figure 4.10
set the slide of unit rY13/EV to the position 300 lux and the switchesof the signal conditioners (eHoroRESßToR, pHoroDIoDE, pHoroTRANsIsroR
CONDITIONER) to the position B
Insert only the proportional action of the controliler (connect onlyterminals 4 and 5) and take the PROPORTIoNAL hand.le to the minimumvalue
htilh the set-poiat knob, apply a voltage of 4 volt and neasure thevoltage of ter¡ninal 15 (output of ttr" error anplifier) whichcorresponds to the difference between the set-point aid the obtainedoutput quantity
1"-1.-11 - lh" gain of the proportional controller, by acting on thePROPORTIONAL knob, taking care not to take thl 

"y"i", intooscillation
Measure the output voltage of the error anplifier and detect how theerror varies as function of the propoitional actiontyel! lhe integrative action by connectiìg terninals 6 and 7 and takethe INTEGRATIVE potentioneter to the ninim-un value: measure the errorSet the INTEGRATIVE potentiometer to half stroke and the PROP0RTI0NALpotentioneter to the ninimun
Note how the integrative action tends to zero the error
Note how the integrative action dininishes the error but tend.s to makethe system oscillate (unstable conrlirinnsl
Now, introduce the derivative action and observe how this action takesthe system back to stable conditions.

s¿f por{f

2

Pro co¡flotLtt

J a^5 ro

t0rtt 
^rPLrf¡€t

11

ÊR¡0t 
^rPUftt¡

t5
tl

l4 r8

Pr0r0R€srstot

ooooo LIGHT UNIT TY I J

LrCtr¿l

fig. 4.10
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4.5.4 systen step stress: variations of the pID col{TRotLER const¡nts

Carry out the circuit of figure 4.11
set the slide of unit TY13/Ev to the position 300 lux and the switchesof the signal conditioners (PHoroREsi-sroR, p¡torootoDE, pHororRANSIsroR
CONDITIONER) to the position B
set the function generator for a square-Ì{ave output wibh . amplituderanging fron 0 and +4 volr and freQuency of 10ó-'H;- .;J""pËy thissignal between terminal 14 and grorrnd-.
Apply one probe of the oscill-oscope to the output of the signalgenerator
set the PID CONTROLLER to operate r+ith the three actions insertedcontemporarily
Apply the second probe of the oscilroscope to terninal 2g and checkthe system response to the input stress.
change th-e weight of three aãtion= and check the system response tothese variations
combine the PrD CONTROTLER by removing one or more actions and observehow the system responds to Jtep stresles with p, I, D, pI, pD, ID andPID controllers
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fig. 4.11

In the following pages we describe the calibration procedures of module
c'|3.
For the calibration of any single block, carry out only the connections
described in any single calibration procedure
To identify the trinners used in the calibration, refer to figure A

CALTBRATTONS

APPENDTX A

RV3 RV4 RVs RV6 TV? RV8

0
RVr

Õ
RVe

fig. A

SET-POII{T Block

Connect module G13 to all the necessary voltages
Act on RV1 until the voltage of terninal 1 reaches 8 volt.
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ERROR AIIPIIFIER Block

. Connect module G13 to all the necessary voltages' shortcircuir terninars 13 and 14 and ä"t-.n-ñv2 until the voltageterminal 15 drops to 0 vo1t. of

PHOT0RESISÎOR COI{DITIOI{DR Block

. Connect nodule G13 to all the necessary voltasoo' connect nodute G13 to unir ry13lEv-;;;årå;üï;"figure 2.17' set the slide of the external unit ry13/Ev io the iosition 300 rux' connect terminal 2 to 11 and., by ac-ting'on it" SET-P0INT handle, apprya voltage of 0. rort to -the input of ¡hä po*", anprifier (terminal 1 1 ). Act on RV3 ""til-jh" voltage of terninal 1g drops to 0 volt. Take the SET-POINT voltage to g Volt

ii, i:r110 
until the oulpur voltage presenr across terninal 18 drops

PHOT0DIODE COITDITI0Ì{ER Block

. Connect module G13 to all the necessary voLtasoo' connecr nodur.e G13 to unit ry13/Ev-;;;årå;ü-i;"figure 2.17' set the slide of the external unit ry13/nv io the losition 300 lux' connect terminal 2 to 11 and, by ac_ting'on the sET-poINT handle, applya voltage of 0.vol.t to -the input of ¡tie po*", anplifier (terminar 11). Act on RV5 u".il--!h" voltage of termin aI 22 drops to 0 volt. Take the SET-pOINT voltage to g Volr' Act on RV6 until the output voltage present âcross terninal 22 isequal to 8 Volt

PHOTOTRANSISTOR CO¡TDITIOI{ER Btock

. Connect G13 to all the necessary voltages
'connect module G13 to unit ry1:irv accãrding to figure 2.17' set the slíde of the external unit Ty13/Ev io the lositíon 300 rux' connect terminal 2 to 1 1 and, witn tle sET-porNT handle, apply avoltage of 0 volt .to th-e input of the por", -plifier (terninal 11)' Act on RV7 unril-_the voltagã across terminal 2d arops t. o l"ït. Take the SET-pOINT voltage ro g Volt' Act on RV8 until the output voltage present across terninal zg isequal to 8 Vo1t.
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M National
Semiconductor

LF147 /LF347 /LF347B Wide Bandwidth
Quad JFET lnput Operational Amplifiers

8r.FET I

Features
r lntemally trimmed ofsåt voltagg
¡ Low inpul bias cun€nt
I Low input nois€ qrnenr
r Wd€ gain bandwidth
r High sl€w rate
I Low supply cunsnt
. High input impsdance
r Low total hafmontc distonion AV = 1 0,

Fu = I 0k, Vo = 20 Vp.p, 8W = 20 Hz - 20 kHz
I Low 1/l noise corner
¡ Fast settling time to 0.01 o,/o

11

ò

(¡¡å
..l1
(¡¡à
ø

General Descriptlon
The LFI 47 ls a low cost, high speod quad JFET input opera.
lional amplifior with an ¡ntemelly rimmod input ofs€t voll.
ago (BI-FET llru technology). lhs devico ræuir€s a tow
supply cunent ano yet matnfa¡ns a large gan bandwidth
product and a fast sl6rv rat€, In addiüon, w€ll match€cl high
voltaga JFET input devicos p¡ov¡do v€ry low input bia! and
otß€t curonrs. Ïhe LFl47 ¡3 p¡n comgatiblB with the stân.
dard LM148. This f€arur€ alloNs destgners to imm6diat6ly
upgrade thg ov€rall p€rlormance of extsüng LF148 and
1M124 desrgns.

The LF147 may be usêd in applications such as high spe€d
int€gratoß. fast 0/A conven6ß, sampto.and.hold circuits
and many oth€r crrcu¡ts requ¡ring low ¡nput otfsot voitago,
low input bias curent, high input irnÞsdancB. high sl€w rat6
and wrdê bandwdth. Th€ d€vlce nas low nors€ and offset
volla€e drift.

5 mV max

50 pA

o.o1 pAlJF
4 MHz

13 V/,us ¡

7.2 mA I

l0l2O
<0.020,6

50 Hz

2ps

tittt¡¡t,tY
t8tna0

Slmplified Schematic
1/¿Qt¡,d

¡rlait^ttt
TIITO

-vt¡

Connection Diagram
0uaþln.L¡n. PackaEa

I lf,a- ß{' v- ¡t ¡' l¡ t- out I

la r¡ ll lt !0

oult nt- il!' v' ritr rn¡- out2

TUHt5€.7-t

¡!.Jtlt5[.r-tJ Top Vlaw

Ordcr Numb!' t-F'l't7D, LF347D, LF147J, LF347BJ.
LF347J, LF347U. LF347Wil, LF3478N or LF347N

Sc. NS Pâckag. l{umb.r 0148, J144, M144.
Mf ¿8 or t{144
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Aþsolute Maximum Ratings
lf mllltrw/A.rÞrprc. tp.Cll.d óffi. ¡.. rrquhd,pLtl. coni¡ct tha Nrtloml sûtrlconGluctor s¡1..
Otllc./Olrtrlbutort to? ¡v.aLòlllty .nct .p.ctflc.üon..

LFfaT LFSaTA|LFSa?
Suppty voltâgo t22v t 1av
Oifleronüal lnour Volt¡go t38V :3OV
lnÞut voltåge Rsnge t 19v t 15v

(Noro 1Þ

OuÞu¡ShonC¡rcu¡t Continuou! Contnuous
ou'rüon (Noro 2)

Pow€r O¡ssigsùon 900 mW 1OOO mW
lNor€s 3 ånd 9l

Ì; tat 15CfC 150.C
oit

Cavrty OIP (0) Package 8O.C/W
Ca¡amrc OIP (J) Package TVC|W
Plasûc DlP (N) Pacx¡go 7S,C|W
SurtacoMountNarow(M) 1OO.C/W
Surlace Mount Wirlê (WMl AS.C/W

DC Electrical Characteristics rnore st

LFtaT LF347f,'tW3a7
Operarng Tenpera&ro (Note 4l (Notå 4)

Range

Stonga Temperatre
Rângt -69C<T¡<15OC

L6sd T€mpcnturo
(Soldoîng, 10 soc") ' 26OC 26(rC

Soldonng lnlorinåüon
DudnrÈUne Pacl€go

Soldonng (t0 secono!) 26(rC
Smdl Outline Packsgo

VeÞot Pha!€ (60 second3) 215.C
lnfrred (15 s€conß) Z2eC

Seo At¡-450 "Surlace Mounttng Mothods and Th€ir Ell€cr
on Proouci Feliab¡l¡ty" foÍ omer mothoor or soldsnng sur.
laca mount öevrcÊ3.

ESO raüng to be ootormtn€d.

Symbol

,rVsg/AT

los

P!r!matat

lnpu Otl3ot Votr¡ge

Con.lltlom

Fs- 10 kn. T¡=25.C
Over Temoeraturs

I 
Ti'es'c' (Nole3 s, 6)

I Ovcr Temoc¡arure

LF3'78 LF3¿tz I

Mü Mln I lyp rM.xt Mtn I I M¡ri

LFI'7

Mln
Unltt

mV
Vos 5

I 7

25

10

13

Av€ragr TC ol tnput Off3ot Rs- t0 ko

lnput Oflset Curonr

0

mV

00tetq 100
tÊ

100 pA

nA4

ls llnnut Biar Cunenr
I

T¡- 2sc. (Noto! 5, 6) i

Over Temocratu¡c i

50 j2001 pA

lgin¡
200
I

50200
50

50

Rr¡¡ ilnout Fegstanca | 1; = 25'C 012 ¡ ¡19rai I jlorzl I n
AvoL Lâfg€ S¡gnal Voltsg€ Gdn VS- 

= lsv, Tr-25.C
Vo- 

= 
10V, Rr--2 tn

Over Temocr¡turc

output vollaçe

Vcv lnput Common-Modo Vott g.
Range Vs- : l5v

CMBR Common-Mod. Repcton Fl¡t¡o i <10ko
PSRF Reùo (Nor.7)

Cuí€nt

23

-:15V - t0 kOl : t2l :13.5 :1

25 i 100

15 i

13.5i l-rel =rg.Sl

MA

d8

dB

50 100

:11

100

50

ta

:11-15
-12

-15t I r

-12 i | 
:11t -1S

-12
80

80

80l1oo! TOrlOOl
100 aollooi Torlool
7.2 11 lt.z,tt i 7.2 'I 

1



AC Electrical Characteristics r¡rore st

Symbol Paramctcr

SR

GBW

0¡

Mln iu¡¡i

tt

Unitr

d8

MHz

.'n

5

.lt
q)ò
.n
(¡¡à
(!

4

tn

/,tftnV

pA/,lEi,
Nota l: Uñld¡ othrffin toæñad ûa e.otoluta m¡mm neg¡wa rnoJr vot¡ga rs equ¡ to thr negaùvc oowr guppty voltage,

¡ota ¿ Any ol tha ¡nolilar oul'tjt¡ t òt $odad to grot¡ñ imclinitdy, howa., moÉ thrn o¡a lhiltd not b¡ muttrnoJy rhorlrd ú tha m¡¡ññ iuñ€ùoî
tff19¡ilw utl ba ercoadad.

tlota 3: For o9ülüng ¡l .ldllrxf tmoar!¡n. lh¡a oûrE6 nìr¡tt ba dmtad b¡tad on â ümr¡ rsJÍrnca ol qA.

llol ¡as Tha lJl47 ir ava¡l¡ll. ln üìa nü¡ùúy lcrîgfl¡n rarìga -55'C < f^1125'C, wnrb lhe LF3¡178 dd the LF3,t7 do ¡val¡ola m thc commæ¿¡ tam*tMa
rar¡e OC<f¡<7CrC. Jufict¡on lamp.ft¡nr u nt. ro Il ru - 1sCrC.

NOta & UnL¡ Oúìru s9Gfad tna rffiíca¡Om eooty dr tha fu¡l tmrtû,r .angr md tor VS - :2OV ld th! LFf ,t7 and ts VS- : f 5V tor rñ! LF347g/
1F3,17. V6g, ¡8, å¡rd lO€ ata ñars.ó Í Vç¡¡r9.
llola 0: Tha rnout biü cumftt âra tunc¡on l{l(rqa q¡ÍmÎ¡ wnEh eoorcm¡taty douota tor every lOC ¡ndou rn tha turclon rmoctåruro, i,. Cua to t¡mnod
prodæoon lef um, lha lnoul bu Mtntt ma¡¡¡tto aa coml¡tad to luñclon lomffiltwa. tô nffn¡t oomùon ûe l6ctþn tomgmMr ns awa tht amotont
lm9aãn¡a ¡t ¡ füryll ol inlm!¡ 9ffi o8¡oún. F¡. 1'-f¡rd¡ Pt mfa d¡À 13 lho rhm¡ù csl¡nca lrom tuæûon to mo[nt, us ot å ncrt snk 13

rccûmmañcad il lnpú bs omt It to 0a klo¡ to ¡ ffi.
l{ola t: suo¡lly vott¡ga ralacûon froo rt m{¡urd lü ooth 3uopft m¡qñrudð rlm!¡ng oa dffioung gmtt¡n€out¡y In a@ntanoa hth conmn Þãdcs lrcm
VS - : 5V to ! tsv lor dl. lf3,a7 and LF3¿|7B ef! tron Vg - :20V to : 5V lo. tha LF14t.

t{ota ü Relr ro REÎSl,rTX ld LFl aTO nt LFt¡a7J nrnrry 3oGlca¡oÉ
l{oL t M¿ Pow oisÐrDon 13 dsfma(, ùy lha Þæüga cnnclm¡c¡. opaa¡¡ng thc Þùt nû ùa M& porr o¡sÉton ñay caus the oeÁ to opt¡r¡
ovt!¡ta gmtaad limß

LF147 LF347B LF347Condltlonr
Mln Tvp Mar i Mtn Typ Mar

Ampl¡fi6r to Amplifior Coupting T¡ = 25'C'
f- 1 Hz-20 kH!
(lnput R€l€red)

- 120 -120 20

Slêw Retê Vs-:15V,T¡=25'C I 13 I 13 I 13 !

Gain.Sanô,udlh Product Vs=: rsV, le=25.Çl Z.Z 4 tt 4

Equ¡valent lnput Noß€ Voltâgo Ï¡-25'C, Rs- IOOO,

f- 1000 Hz
20 20 20

Equival€nt lnput No¡s€ Curont I f' = 2t'", l- 1000 Hz 0.01 0.01 o.or I
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Typical Performance Characteristics
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Typical Performance Characterisflcs (connnu€d)
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Application H¡nts
The LF147 is an op amp with an ¡ntemalv t?imm€d input
otl3or voltago and JFET inpur d€vic€! (BI.FET ¡¡ru¡. Thä
JFETS hav€ large rorr€rlc bærldown volt¡ge! hom gâte to
source ånd drain el¡minating tho neld for clamps acrc!! the
inpuls. Thgr€for€. largo difl€renl¡at input voltlgo! can €s!¡ly
b€ accommodst€d without a large increaro in inpul arneni
Tho maxmum dift€r€nùa¡ input vollage i9 indop€ndent ol
tho supply volt¡ges, Horrvorr€r, neithor of tho input voltago3

should bå sllow€d to exc€€d th€ negative supgly ¡¡! thi3 will
cåus€ lafga ctrronü¡ to Íow whidt cån felull ¡n a delroyed
uniL

Erceeding the nogstivô common-modo limit on eithrr ¡nput
will lorce ths outpur to a high stste, potontietv câuing a
rwersal ol phar€ to tho ouÞul €xce€ding th6 n€gstivo
common-mode l¡m¡t on both inpuB will lorco tho amplfior



Application Hints (conrinued)

outDut to a high state. ln ne¡ther casg do6s a tatch occur
srncg ras¡ng lhs rnput back wrth¡n the common-mod€ ran96
agan puts th€ ¡nput stagg and thus the ampt¡tier ¡n a nofmal
op€raong mode.

Exc€€ding the posrtive common-modo limit on a s¡ngl€ input
wrl¡ not chang€ the phas6 ol the outpuc how€v€r, if both
inputs êxcged ths limit. th€ output ot ths amptifigr wrll be
forcêd to a high stat6.

Th6 ampl¡fi€rs wall operate with a common.moda input volt.
age €qual to the posrtiv€ supply; however, th€ ga¡n band-
w¡dlh anct sl€w rata may be decroas€d in this conditjon.
Wh€n th€ n€gative common-moda voltage swrngs to within
3V of thê n€gativ€ supply, an incroase in ¡n9ut otlsgt voltege
may occur,

Éach amplifior is individually biasad by a zaner rel€renca
which a¡lows normål circu¡t opsralion on 

= 
4.5V pow€r sup.

pli6s. Supply voltages lggs than thes€ may result in lower
ga¡n bandw¡dth and sl6w ralô.

The 1F147 will driv€ a 2 kO load ¡'€si9tanc6 to :10V ov€r
th6 lull t€rnp€ratu¡o range. Il th€ amÞlili€r is forced to driv€
hesvier loed curonts, howÊv6r, an ¡ncreas€ in input ofsst
voltag€ may occur on the nEgative voltage swrng and finally
r€ach an activ€ currênt l¡mit on bolh posttive ancl nagaüv€
swngs.
Prscauüons should b9 tak€n to onsure that thB pow€r sup-
ply for the int€grated crrcult n€v€r bacomeg rsv€ßed in po.
lanty or that the unrt is not inadveñenrly install€d back-

vcc

0ta

-vtt

wards in a socket as an unlimitgd cunent surge thfough th€
resulting forward diode wrthin th€ tc coutd caus€ fus¡ng ot
lhe internal conductoÍs and r€sult in a d€stfoyed untt.

Becaus€ th6s€ ampliliers are JFET rathe. rhan MOSFEr
input op amps th€y do not raquiro sp€oal hendl¡ng.
As wrth mos¡ ampl¡l¡€ß. cafe shoulð bej taken wth lsåd
dr€ss. compononl plac€m€nt and supply decÆupliñg ¡n or-
dgr to €nsurs stability. For exampl€, resi3toß rrom lha out.
put to an input Enou¡d be plac6d with the body clos€ to lhe
input to minimlze "pick.up" ancl mÐomEô the lfequency ol
the tg€dback pole by minimiing th€ c¡¡paotanco from th€
input to ground.

A f€€dback pole is creal€d wh€n the l€odbact around any
amplill€r i3 r€sistiv€. Ih€ parall€l reristsnca and capas.
tanc6 from th€ ¡nput of th€ d€vicê (ususlly th€ ¡nvefting in-
put) to AC ground sðt the fr€qu€ndy of lhe polô. ln mafiy
instancag the lrequenc? ot this pole i3 much gr€at€r than
th€ €xpected 3 dB fr€quency ot the clos€d loop gain and
consequenily th6re is nogligiblo eflect on stâbility margin.
However, if the f€€dback pole is l€ls than appfonmatoly 6
tim€s the Expected 3 dB frequ€nqy a lead capacitor should
be placed lrom th€ output to the input ol the op amp. The
value of thE add€d capaotor should be such that the FC
tim€ constant of this capacitor and thð reststance it pafa,lsts
is greater than or equal to the original fê€dback pol€ time
constant

0l
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Typical Appllcatlons (conrinuod)
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TYPES uA74lm, üA74lC
GEilERAL.PUßPOSE OPERATIOTAT ATPTITIERS

. Short€¡rc{ratProtlction

. Off¡rr.Voh.¡. Nuil CrgbiliÇ
¡ LqrCommon-llodt ¡nd

Oiff.rrnri.¡ Volt¡e. Rüçt

ffi

ú

üman l údgnmñt¡

ÉuLLÉÎtN ñO. OL\' r tJat. NovEÀaa€i ltto_iEv rsco oclotcF lg?a

. No Frrquancy Gompcnotion Rquird
r Low Powor Conlrmption
. No L¡tdi.up

dacriptior¡

lhc uA7¿ll ii I gan r¡l.oürDor. orr¡dm¡l a.nÞtif¡.? fr.¡¡ritìg oft t yolt¡qr null cæ¡Ul¡ty.

Thr hit'r curmonrnodr inÞü volt¡ç rüEr Íd üo tbcn a of l¡tdr-up md(. dr. lrrplifi.r id.rl for volqlfollowlt
¡pplicnidr¡. Th. d.fic. ¡t $ortcirq¡at prorrdtd md üt int¡md lr.$¡.ncv cqnp.rìlrt¡iolr rnx¡rrt tt tt¡l¡ty wiüout
r¡trm¡l øilrÞonentr" A low{alÐ pottotidrrtü mav brcolrnrc¡d barwt¡n lña offtat null ¡npr¡t¡ to null or¡t tha ofltat
voltrg. a ¡¡rün in Figu'r 2.

Th. uA74lM i3 dtÍrra?i¡rd tor og.rttion ortr ti. fu¡l mili¡ry rrnptnrun rrnç ol -55oC to l2S.C; ür¡ uA7¡llC i¡
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TTPCS ü47¿llt. uA74lC
GETERAI.PUßPOSE OPERATIOTAT ATPIITIEßS

blu¡ mr¡amuñ r¡t¡n¡r ort oF'lt¡q fr*dr trrnprnur. rln¡a (onld orñ-raa nordl
r¡^7al I u^talC

S!Ðav Flùa VeC. l- ltd. ll 22 r8

-22 -18
Oiftmr¡.| l¡rt¡r Efiç (- aaeÚ 2t tæ r¡

t r lú rlá
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TYPES út4tn, ú?{tc
GETTRAT+URPOSE OPERANOTAL AIPIIÍ ltNS

ofrlting dr¡rætcrirtict, Vçg¡ . 15 V, VCC-. -15 V, TA .25oC
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PARATITETER MEASUREMENÏ INFORMATION
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ïYPES uA7,0tM, uA74tC
GETERAI.PURPOSE OPEßATIOTAT AMPUfl ERS
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o2aro. JULY r9r8-FÊVtSlO OaC€M!€F r982

. Equivalênt Full.RançTempsrarurc
Cooffic¡ent, . .30 ppm/"C Typ

. Temparðturc Compensatod for Operation Over
Full Rat?d Operatrng Tempcrarurc Ranç

o Adiusrable Ourpur Votlag.

d$cription

Thc lL43l It c lllrec{ernlrñål adiurtåblr rcgul¿to. lenar wrrh guerânte?d thêrm¿l tråbrhty ovrr aoolrcabla tcmær¡tu.c
rarrgc: The oulDul voll¿g! ñav lrc i.t lo anv vatue betwcen Vr?l l¡pptotrñåtcly 2.S voltil and 36 volt3 wtth twotxl"n¡l rclr¡tort i¡er Figut! l6l, fhe¡e dcvic$ h¡yÊ ¡ typicål dynrmic ou¡put impcd¡ncc ol 0.2 e. Act¡v! outÞutcilcultlv providca ¡ vcry sharp tutn'on ch¿.âctlntric, m¡k¡ng thcsc dgvrcli a¡crllañt r€Þlåcamlnß for zencr d¡odlt rnmeny apolicatronr.

Thc TL43lM ri char¿doilrerl lor oo..ðrron ov€r thr lult ortrtåry trmÞ?.âturu ranç ot _ggoe to l25-C, Thc lL43l I ¡r
cñ.rðcl!rr¡ud lor oær¡lon lrom - 4O C to gS-C. ðnd rhe lL43,l C lrom 0 C to 70.C.

tgrminal assignmcnts
n431M . JG

ouÂL.rfv.Ltf{€ PAcKAGE rl€rr.ll43rc...o

LIt{EAR
If{TEGRATED
clRcutTs

l{C-No ¡nrrrn¡t cø^acrioô
sdlama¡tc

Coo^ñr ¡auar ar. ñomnat,

ANOOE
tAl

CAlHOOE
IK¡

TYPES Tt431M, Tt431t, Tt43lc
ADJUSTABTE PRECTSIOT SHUTT ßEGUTATORS

Fa¡t Turn.On Re3ponte

Sink Curren¡ Capabiliry .. . 1 mA to .lOC mA
Low {0.2.1¿ lypl Dynam¡c Output lmpedance

Low Outpur No¡to Voltagê

ll43il.fL43rC..,LP
SILECI PACKAGE

1143il.fl,431c...P
OUAI.Iil.UfIE PACKÂG€

functional block diagram
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TYPES TT431M, TL431I. TL431C
AOJUSTABTE PRECISIOTI SHUIIT REGUIATORS

ab¡oluto maximum ratings ovar op€rat¡ng free-air temperaturu ranga (unle¡¡ otharwise notedl
C¿rhod. voltaga (3re Norc I I

Contrnuou¡ cathoda cur!ñt rangt
Rcf¡rcnc¡ rngut currcnt ranga

Continuou3 power d¡ssiÞston at (or belowl 25oC fraÊ-air temp€rarure lså€ Note 2): O pack¿ge

JG pactågr
LP pâckagr

Oocratrnglrc!.¿rrrcmpåreturcranç;TL43lC . ...t:t*:n:
TL43t r

TL431 M
Storaqc temorrature rangr :
Lead temo.raor? 1,6 mm i t/16 ¡nchl from catr for 60 3rcond¡: JG packêgr
Ls6d temÞarsrure 1.6 mñ ll/16 inchl from car lor l0 sscond¡: Lp. p or O packaqc

NOr es
2. tôt ooa?.¡roñ ¿Oov.2a C lraG..r rañôar.tu.a. /atar ?O rha Orl¡rOar,o6 Of.o^9 f¡Ora,

o¡sstPÂfroN o€naltNc taalg

. 37v
-100 mA to t50 mA
. -50 ¡¡A to l0 mA
. 833 ñw
. .1050 mW
. 775 mW

l00O mW

o'c ro 70'C
. --40'c ro gsoc
. -55'C ro l2S'c
. . -65"C ró ¡50'C

. . 3oo,c
.260'C

PACKAGE FACÎOR 1

a60vÉ

LP

I 05(, ñw
7 ?5 ñV,

| 0OO ñW

8.4 ñwlC
6.2 úw, c
9.0 ñlv/ C

25C

25C
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0
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-'C
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r.commandd oPrfaring conditionr
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Mtfi¡ UNII
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I

MAX
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TYPES TL431M, Tt43lt, T[431C
AOJUSTASLE PRECISIOT SHUIÚT BEGUTATORS
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TYP€S TT431M, TL431I, TL43IC
ADJUSTAETE PBECISIOTI SHUIIIT REGUTATORS

PARAM€TER MEASUREMENT INFORMATION
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TYPICAL CHARACTERISTICS
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TYPES Tt43tm, Tt43il. Tr431C
ADJUSTABI.E PRECISIOT SHUflT REGUTATOßS

ÎYPICAL CHARACf ER ISTICS

REFERENCE INPUT VOLTAGE

FREÊ.AIR IEMPEFATURÊ
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1
V.Êf . 2495 mVt
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TYPES t[43tM. Tt43lt, TL431C
ADJUSTAETE PRECISIOil SHUI¡T REGUTATORS

TYPIC.AL CHARACTER ISTICS
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TYPES Tt431M, Tt43il, Tt431C
ADJUSTABTE PßECISIOT SHUTT BEGULATORS

TYPICA L CHARACTER ISlICS
t50!¡
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TYPES Tt431M, Tt431r, Tt431C
ADJUSTAETE PRECISIOT{ SHUIIT REGUTATORS

TYPICAL APPLICATIONS

ßt

Â2

ßt

F2

RI

A2

,"',. u,.r(t .flr)

MrñVost.VrattSV

FICUFÉ 19- OUfPUf CONTFOL OF A
fHnEÊ.f ERLrt{al
FIXÊD Â€GUIJÍON

FTGUFE 2t -HrGHÉnCUßAÉilÎ
S'{UNf F€GUI.AÍON

u*,. ('.ä)u,' vr,.,¡'t'i) u.'
Ftounl 2t-cnow 8Ân

Rtl
RIA

A2A

R

OFF ON

V.
O.t¡v. R.C.tâ

tVrl - Vr.t
FIGUn g 2.-OELAV 1l¡rEi

oulPUl oil
WX€il

.\LIr "" HIGH
LIMIl \

Êta

lot

/ r !l\
\ Âtt/

v..,{r . 

-l

, âratbwr¡drr v,.r U.;ã).vsÉ
I F ralHrrrr¡ñr. v.r u.ñãl

FIGUR E 22-OV€N.VOLf AC E./U¡¡OEñ.VOLf ÂGÊ
PROlÊCltOta C¡nCUtl

FIcURE 23-vOlfAGÊ MO¡tfOi

L€0 o{ wx€N
Low < Vi < ilCH

Lrlrl

lær

FiCqR! ã-cuaRaúÎ Ltr{trÊt oñ.' ;'; .cun¡¡xf tounca' .',.:,'
¡ rour I 2a-corrstaa{f cutt trf s¡ilí

Fl3

¡s

ld.'.:_
ãcL

t2 - 1iÐc¡s
]NSTRUMENTS



LIflEAR
ITTEGRATED
crRcurTs

. Ultrr.Low Otlr.r Voli.g. . . . 3O ¡V Tvp
{oP.07E}

a Ultr¡.Low Offt.t Volr.g. Tomperaturc
Coofllcicnt . . . 0.3 ¡VloC fyp IOP.OZE)

a Uhn.Low Noir.
a f{o E¡t.m.l Compon.ntr R.qdr.d
a Rrpl¡c¡¡ Choppcr Amolltl.r¡ tt ! Low.t

Co¡t

. S¡ngl..Chip Monotlrhlc F¡brþÍion
a Wldc lnput Vohrg. Rang.

0ro i14VTyp
. Wld. Supply volt.go R.ng.

t3Vto r18V
a E3¡.nti.llv Equ¡v.l.nr ro F!¡ichild ¡¡4714

Op.r!r¡on.l AítÞtill.?¡

TYPES 0P.07C, 0P.070, 0P.07E
UTTRA.IOW.OTFSET.VOTTACE OPERATIOTAT AMPTIFIERS

0275t. OCÍOS€R 1983

XC-t{o rñt6d cffiû

OFFS€T N1

tN-
lN+

vcc -

frotvttwt

I

OFFSET N2
Vcc 

"oul
NC

rymbol

a Dlroct Rcplrccmcnr lor Pill Op.07C,
oP.070. oP.o7E

d.rcriÞtion

lhrs! davrcå3 rêgrul0nl a b@kfhrough rn oparatrOnAl ômolir¡rr parlOh!nCa. LOw ofiSlt sñd tOng.ta?m stsÞrttty ar!
achr€vcd by msrns ol a tow.notlr, choDpcrllsr, btÞolar.tnpui.trunrt3tor tmDl¡lial ctrcu¡l. For mosi åogtrcâttons, no
e¡lcrnal componcnts âta r?oulrad lor ollsrl null¡ng and frequcncy compañtatron, Thr rrua dillc.antrst rnÞut. w¡rh rwrdl rnoui vollego ranga ¿nd oulstandlng common-moda ralcclton. provrót! må¡rmum llcxtb¡l¡ty ând gulormencr
¡n high'nol3a €ñvrronmlnts and in nonrnvanrng aoplicstions. Low br!r currants and rxtromcty hrgh rnput rmoêdanccs
a.r marñtårnad ov€r thc cnilre trmprrrtur! rango. fha Op.O7 i! uñ3urortsrd tor low.norsr, h¡9h-ôccuracV amohlicaïon
ol vrry.low.tavâl slgnats.

Thlså dtvrca3 ar! charactlrtrrd lor oÞolrÙon l¡om OoC to 70oC.
!cham!lic

vcc
oFrsEl t{t

o¡fsÊ1

OFFSEÍ NI

NO¡¡NVERltt¡O
l¡tU1 lN+

r¡v€n1t¡¡c
rN2Ul t¡-

oFFSÊ1 N2

our?uf

tal
vcc-

I

lt
t

r6t

¡g¡¡¡y¡¡1¡¡6 t3l
lr{tut rt.

txvcßltNG t2t
t¡ru1 rN_+

<, I
I

lt
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TYPES 0P.07C, 0P'070, 0P.07E
ULTRA.I.OIY.OTTSET VOI.TAGE (tPEßATIOTAt AMPTIFIERS

¡b.Oluta m.¡imsm t¡tlngr Ov.? op.tlting lrcl.rir t.mprrrlut. rrnga {unlcla Oth.?wira notQdl

Supplv voltsg. VCC r tt.. Nott I I .

Supply volt.g. VCC - . ,

oiltoronual rñtut volt¡gc {tar Nolc 2l . . . . .

lnput voltaga laithar rnput. 3aa Nola 3l

Oura¡on ol oulgut lhort ctlcuil {saa Nora 4} .

contrnuour total disstoatton 3t lor babwl 25 oC lrcr'arr tcmperâturr ls€a Norc 5l

Ogararrng lrc!-rlr trmprt¡tula rangc .

Sloragattmprraturtrângt. : . .

Låld tamgaraturr 1,6 mm ll/t6 ¡nchl lrom cðra lot 60 srcoñd3: JG p¿ckågc

Laad tampar'turc 1,6 mm lt/lo ¡nchl Itom casa fof l0 s€condt: P prckaga

22V
-22 V

. :30V
x22Y

..... unhmrttd

.. 500mW
. ooc to 70oC
-65oC ro 150oC

3000c
.......2600c

NOÍES: l.

¡.
a.

5.

Âll vdr¡(ra yalEa, uñtrra ctñGr- ¡olad. a[ itrh talÑl to tña ñldn6t ÐtHan vcc ] anit vcc - .

orll..anoa rdìriaa f. at tñl @¡ñYmñ{, r@t tl6nJ wm raFt to tE nvanlñg l^il! tarñl¡al.
tha úagñ&& ol tha ñilt vqtr¡û ñuat ôayd areí¿ tha ñagûrd o, tù auotlv vo¡laga t ll vdll, whciavü ra laat.

tha dtilt ñav Ð rñúÍ tc at$d d atrnr ætl lwlv.
For oFat6 aæva 26!C h.g tnúaMa, r.lt to OrrytF Oa?aog Ccdan Sfi!& 2.1ñ tha J6 rætæa, ûilcfi9ra.alt.ú.óo6lÉ.

$04 Inrffino



WPES 0P.07C, 0P.070, 0P.07E
ULTRA.I.OIY.OTFSET VOTTAGE OPEßATIOTAI AMPIITIERS
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TYPES 0P.07C, 0P.070, 0P.07E
UTTRA.TOW.OTFSET VOTTAGE (¡PERATIOTAT AMPTITIERS

operlling chr'rctrdrticr ar tp.c¡llad frcc.air rcmpcrlturc. V6g - = : 1 E V {unl..a oth.rwi!. notadl

P^¡^Í¡fEi tE31 co¡orño¡r I or.7c ot.to ot.tc
u|tlMnt fYr M^¡ {tft tYz uA¡ Mt¡ u^r

ra. ¡5cC

l.l0Ht ¡o '0 5 :0 ro l l8

"v,. FïI ¡ r0OHr t0 ¿ t3 5 r0.3 r3 5 r0 0 r¡
l8 il 5 98 rt 5 36

Pâa¡.to.d¡¡
Vapp aOuvabt rñfrt

^oraa 
vo(&a

I .0 ¡ È¡to lOHr.

Îa ' 23'C
03E 065 0.38 0.65 0l! 08

Îa . ¿5'C
0.35 0 9 0.3¡ c 9 c32 C8

I . l0OXr 0. r s o.2, 0. r5 o.27 0 la 0 23

0 13 0.t8 o l3 o.r8 ,) 12 0 t7

I . O.l Hr ro lO Xa,

la . 2!'c r5 33 15 l5 t¡ t0

Sn S¡.r r¡t. Rtr2l0, rÀ.23cC 0. r 0.3 0.r 0 3 0t o.¡
raf cñ¡?ætaniÍca ¡ra ñaa&rÉ u|w Ð{@ c@{tøt w{h aüo cñlM.,üa rñÈt vo[¡ga uñtót othaet| ,Fft(,

IYPICAL APPIICATIOÍ{ OATA

t¡2

tn
Vcc+

Vcc+

oulPtrl

vcc-
FIOURI T-IN't'1 OFFSEÍ VOLfAGI ¡{ULL CIFCUIl

lN+

I t{-

3-6ô . lirxAs
INSTRUMENTS¡



PilP POWERTRATI|SISTORS
TIP 32 Series

-{o --100 VOLTS
-gAllP' ¡l¡l WATTSCOMPLEMENTARY 10 THE TtP31 SERIES

The TlP32 Series power transistors are designed for use in
general purpose amplilier and switching applications.

Featurcr:

¡ Designed for complementary use with TlP31 series
o 40W at 25cC c¿ae temperature
r 3A continuous collector curent
o 5A peak collector cunent
¡ Minimum f¡ of 3 MHz at 10V, 0.SA

o Customer-specified selections available

maximum ratings (TC = 25oC) (untessotherwisenotect)

thermal characteristics

@

CASE STYLE TO.22OA8ilrtþ¡a rx r ¡Gll¡ F tn¡.rllr.t
!c![¡¡!,ülar .gn.¡t

EúIEII'

,tanr
2arul

jliftfllo,^

ttit.

r6n.atr
afÉn tÎ

fifitËl fiåtrfl'

RAlIT{G SYMBOL 1tÈ32 TIP82A 1lP TE TtÞ:utc UN¡TS
Collsctor-Eñittcr Voltagr Vcpa -4{' €o €o -1(x¡ Volt3
Colloctor-Ba!€ Voltagc Vcao -80 -1fft -1?o -1¡l(¡ Vott¡
Eminer Balo Voltago Vçeo -5 -5 -5 Volts
Collcctor Cunant - Continuous

Psak
l6

lcu
-3
-5

-3
-5

.3 -3
€

A

Ba¡c Cuncnt - Contiduous lÊ -1 -l -1 -1 A
Total Ppwer Dirsipation @ T¡ = 25oC

@ Ïc = 25'C
P9 2

4
2
4

2
40

2
40

Watt3

Op€rating ancl Storrgo
Junctlon T€mparaturc Rango ï¿, Tsro -65 to +1f) -€5 to +150 €5 to +150 -65 lo +15O

Thcfmd Rr.t!t!nc., Juncillon to cara Re,re 3.125 3.125 3.125 3.12!i .c^¡/
Maximum Lcrd Tompûrtuf! lor Soldcring
Purpo,ca: '/¡" from Cara tor S S€cond¡ T¡ 2û 250 ?s0 2g

7&t



electrical characteristics (T6 = 25' C) (untess otherwise speci,iêd)

CHARACTERISTIC MIN TYP uAx UNIl

off characteristics

second breakdown

Colloctor-€miner Breakdowñ Voltagr
(lc'-3om¡)

TIP32
TIP32A
TIRI2B
TtP32C

VcEo -40
€(¡
-80

-100

Volts

Coll€cîor Cutoff Current
(VcE' -3oV)
(Vce = €oV)

ïlP32.1lP32A
frP3zB, T|P32C

lcEo
-o.3
{.3

mA

Colleclor Cutofl Current
(V6E = '80v )
(Vce'-100V)
(vcE''120v1
(Vce -'140V)

TIP32
TIP32A
ÎtP32B
TtP32C

lces
4.2
4.2
4.2
4.2

mA

Emittor Cutofl Cur¡ent
(V6g: -$!, 16 = 6¡ leao 1 mA

Broakdorvn with Easo Fon¡varrt Biased FBSOA ùEË 3

on characteristics
OC Cunont Gain

(lC = ¿4, VCE. -'lV)
(lC'-34, VCE - -4V)

hFE
25
10 5o

Collector-Eírittor Saturation Voltaga
(lg: -t¡. lg'-375m4)

VCE(rrtt
-1.2

Easo-Érnittlf Voltagc
(lCå -gA. VCE = -4V)

vBE(on)
-1.8

switchi characterist¡cs

Itt l
ra¡rîot

i¡t '¡ n

(ru?È?
rc¡rtor

rt'!n

vcg' ¡ v

¡¡v
¡l¡rtÍ ov

ra¡110r

I
I

ot ttt ?
Hflot

!ct

v¡.t r ICV
lô¡¡t to
V-.-aJ¡Yl?
ttútffot

vq,?a¡¡ltr v?¡F

Î¡ff æ¡¡t

vil..¡Ov¡¡ñ¡lOQltm
lliv¡¡ r*rr rn t ñ r-itilæ t < llÉ tt a llnz.r . !O g. rÇ . :OÉ
tra2¡.
Wñlñ 6ffi 6 -..a1€ 5 ót ltr!Ðffi rr a ¡l É th ) tOUe. C., < t t,! l.

FO¡I 1. ñtgtftìrl.l.oao SttlcHtfto

r€lltr
t
c.
o.
¿

lurn-on Tlme bnl 0.3

Tum.ofl Time

RL 3 30n. lC: 1A
lBl : 182.0.14
V9616¡¡ = 4.3V btt

¡rs

f1

r¡tra rFra ttata5t¡

vF

dtt - r!3'¡¡ n

V¡a..¡ Y

¡ra¡¡t

7U
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TITEAß
ITTEGRATED CIRCUITS

o STermin¿l Regulæon
. Ouþut Curr¡nt up to 1.5 A
. No Ex¡gmal Compononts
o lntrnal Thermd Overlo¡d protestion

. Dirlct Replurrntr for Fairctrild sA7g00
Sori¡¡ and Nation¡l LM340 Serio¡

r High Ponrr Di$petion Cap¡bility
o lntomal Short C¡rq¡it Curr¡nt Lirniting
. Or¡tput Tran¡istor SsfeAra Compcnration

SERIES uA7B00
POSITIVE.YOTTAGE REGUTATOßS

NOilÍì¡AL
oulPrrl

VOLTAGE

-sdc ro rsfc
eERArtflo

TEMPINAruß!
FA'{GE

úc ro tzfc
O?ENATIilG

ÏEFINATUAE
, RAracl

5V
6V
8V

&5V
t2v
t5v
t8v
21V

uA7806¡l,l

uATSdlM

uA7æM
uA7885ll
uA78l2M
uA78l6M
u47818âl
u4782¡tM

uA7805C

uATSOlC

uA7&BC
u4788€C

uA7812C

uA78l5C

uA78l&
u4782¡tC

pæka¡ar KA KA nd KC

rA 
'ACTAGC

rC PACXAOEdcscription

This ss¡i6s of fixed*oltaç monol¡th¡c ¡nt gratrô
c¡rcuit voltag! rsgul¡tors ís designrd for a wid, rang!
of appl¡cat¡ons. Thss. applicåtion¡ incluÒ on+aà
rcgul¡tion fo¡ elimin¡tion of noi¡¡ and d¡stribution
probloms assoc¡atld with s¡ngbfoint rlgulation, On.
of th¡so r?g¡/latoß can d¡livcr up to l.Sampcras of
output curr.nt. The inÛrn¿l currant limiting and
lhermal shutdown fc¡tures of thcr regrlrtors mrka
thom r¡s.ntislly immun. to ovlrload. ln âddition to
usc a¡ fíxcd.voltag! rgg[¡lators, thasa dw¡cs3 c¿n ba
usrd with oxtrrnal compononÎt to obtain adiustable

pass elsmont in pracis¡on regularors.

schematic

Fltinoa [lq¡ úræñ .r. nodiñal and lñ oltna

l10P vElw

ïo3

c
to.zúA¡

lToP VtEwt

tr
lïr

ã

}r

¡[



SERIES u47800
POSITIVE.VOTTAGE REGUTATORS

absolute maximum ratinç over operating tsmporaû¡rg range (unlers otherwise notedl

NOTE I : For ooaraUgñ ôbova 2 S'C taa-¡¡. oa cax tñOrr.rsr., rctar to OlrriÞatioñ O.r.tiôg C!frd, Ftgu.a I .ñd Figura 2.

3
I

o
€

o

o

O

xo

=

3

TO.3 ANO TO.22OA8 FREE.AIR TEMPERAÍURE
DISSIPATION DERATING CURVES

4

0
25 50 75 100 125

T¡-Free-Air Temperature-o C

TO.3 ANO TO.22OAB CASE TEMPERATURE
DISS¡PAÍION OERATING CURVE

50 75 100 125

Tç-Case Temprraturc-"C

t6

314
I

.2 tz
ae,a
:9 10q

ãa
,!

o"6o
E
=4'¡€^
=¿

2

0
150

FlcuaE r FrouFt 2

recommended op€rat¡ng condition¡

MIII MAX UNIf

78GC
uA

lnput vdt¡ga, vl uA uA7885C

uA78t 2C

uA

u47821M, uA7824C
c!fEnt¡

Opt?¡uñg virù¡ lunction úmpcr¡ùru, TJ dìru

uA7806C ôru u4782¿lC

7 2A

I 23

r0,5 23

ro5 29

14.5 30
I 7.5 1ô

21 33

27 38
t.5 A

-55 l!¡o
0 t25

r50 25

uA78--M uA78--C UNII
lôput voltæa uAlAZ4M, uA7ðZ4C 40 40

All othlrt 36 35

Conri¡uou¡ rotat d¡3ripltion ¡r 25PC fntrr trmpantun lræ Nor! II
KA pækqa

Þæk4s
total at ot ca ( ¡cc

3.5. 3.5
W

2

15 t5
ot vifrual tampt?ttutt -55 to 150 0 ro 15O

ttñpafttuts -65 to l5O -65 ro tso
111 froñ cas lot KA lTO.3l pækaq. 300 300

Lotd l/ l6 inch lrom cÐ lor l0 sondt KC ffO.z2OABl pæk¡. 260

KA (TO-3) package

Derating factor - 28 mWf C

RoJn o 35'c/w

KC (TO.220ABI packås!
Derating tactor. l6 mWf C
R0JA o 62.5oc/vv

Dcrating facro¡ - 0.25 Wf C

abovc AO.C
RdJc = ¿'clw



TYPES uA?805t1, uA7805C
POSITIVE.VO ITAGE REGUTATO RS

uA7805lVl, uA7805C clectrical dr¡racoristic¡ at spccified v¡rtual ¡unst¡on tlmp.rrturr,
Vl . 10 V, lg = 5ü) mA (unlel¡ otherwirs not¡d)

uA78úl uA7l6CPARAMEÎER tEsr cottotttotr¡st MIi¡ lYP MAX MIf'¡ IYP MAX
uNtl

25'C 4.8 6 4.2 1.8 5 5-2

vt .8vto20v -55'C ro lSoC ¡1.66 5.35OurÞr¡t þlttga lo'5 mA to I A,

P<15W vt .7vto20v 0-C ro 125'C 1.76 5,25
Yt-7vto26v 350 3 l(nlnÞst [eulilion vt.8vro12v 25"C 125 15{)

-56'C to I 80" C 88 78
R¡pp|l rri.ction Vt .8Vto18V, f.120Hz

0"C to 125"C ail 7a
d8

lO.5mAtol.5A 15 50 16 100
Output r.oul.tioñ

lÕ . 250 mA to 750 mA
25'C 52á 550

-65'C ro 16O"C 0.017
Outpl¡t r.a¡runcr l-lkHr

0'C ro 125"C 0.0r 7
n

ooc to 150'c -t.tllm¡ntun coat'ici.nt
ol ourput vol¡e¡

lo'5 mA
0'c to t25'c -t.1

mvfC

Outor¡t no¡r rcltrc I . l0 H: ro lq¡ kHr 23"C ¡lO Æ
0rooout volttÐ lo''l ¡ 2r"c 2.0 2.0
g¡¡r curÈñt 26'C 4.2 I 428 mA

vt .8vto25v -5s'c to tsooc 0.8
vt-7vto25v 0-C to 125-C t-3

-55'C to 150'C o.5lo'5 me to t A
0"C to 125'C 0.9

Shon{¡rcuil
ou¡Dr¡l ørttnt ?5'c 75() 760 mA

Pclk output orrnnt 25'C 2.2 22 A

1Âll chtHllltl€ .tl mlad w¡th r eo.circ? æror lha lng.¡t ol 0.33 gF tnó I c¡Daclþr æril tha outgct ol O.l ,¡F .ñd all chrmlnld
.¡cttt nol! wlblt añd tlÞÞla triGl¡on ..do ra m.¡urad urlñe FÁ¡lr tæhñiqu- (tr < tO ñ, duw cvct¡ < 5¡1. Out¡¡t rctta¡achaag¡
dua !o clxng¡ iñ ¡ñt-ñal tamÞr&rc ñ6 ba ¡lañ iño ææunt ¡!rytoly,




