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

Keep this handbook at hand for any further help.

UNPACKING

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, stirrups o unstable tables. The
equipment could fall 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!

In 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:



Ambient temperature: from 0 to 45°C.
Relative humidity: from 20 to 80 %.
Avoid any quick shift of temperature and humidity.

In 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 assistance or ask exclusively original spare parts.
If these conditions are not respected, the equipment can be compromised.

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

CLEANING THE EQUIPMENT
Use a soft and dry cloth to clean the container and the silk screen panel. Do never use
insecticide or chemical products or solvents for cleaning,

VIBRATIONS OR COLLISIONS
Be careful not to cause vibrations or collisions.
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DESCRIPTION OF THE MODULE

1 DESCRIPTION OF THE MODULE

Description of the Module

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

Photoresistor Conditioner

Photodiode Conditioner

Phototransistor Conditioner
We are going to analyse the operation of all these blocks in the
following chapters, from an electrical point of view and also as a
system (input/output ratio and transfer function).
Module G13 1is powered by a dual voltage equal to 12 Vde O0.5A and a
voltage equal to 30Vdc 0.5A.
The external unit TY13/EV (see fig 1.2) contains the actuator (3-Watt
incandescent  lamp), 3 different 1light transducers (photodiode,
phototransistor, photoresistor) and a second actuator to generate a
trouble signal.
The connection between unit TY13/EV and module G13 is achieved via a
cable with a 8-pole socket and two unipolar wires: the power amplifier
is connected to the actuator via these two wires, while the module
povers the transducers and receives their output signals via the 8-pole
cable.
The connection between the two parts is achieved by inserting the proper
cables on the right side of module G13 (which is called LIGHT PROCESS
UNIT).
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DESCRIPTION OF THE MODULE

fig. 1.2




CHAPTER 2

2. LIGHT TRANSDUCERS

2.1 Transducer General Concept

Devices converting energy from one form to another are generally called
TRANSDUCERS.

Hereafter, this term is used to define those devices which transforms a
physical quantity into an electrical one.

The typical block diagram of a transducer is represented in fig. 1.1.
The output electrical quantity of a transducer can be a voltage, a
current, a resistor and so on.

According to the different output electrical quantity, transducers are
divided into digital or analog: with analog transducers, a D.C. electric
input corresponds to a D.C. electrical output proportional to the
measured quantity. While in a digital transducer, it corresponds to a
series of digital signals.

Generally speaking, this conversion needs such an energy absorption that
the transducer is a trouble for the analysed process.

PHYSICAL ELECTRICAL

QUANTITY QUANTITY

—_— TRANSDUCER -
fig. 2.1




LIGHT TRANSDUCERS

The following chapters analyse the detailed characteristics of each
single light transducer used in unit TY13/EV.

Each of them has specific and common characteristics, among which the
main ones are:

- Range
It 1is the difference between the minimum and maximum value of the
physical quantity to be measured by the transducer.

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

— Linearity error
It 1is the deviation of the proportionality factor between input and
output and is expressed in percentage of the maximum output value.

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

— Response speed
It indicates the speed of the output quantity to follow the input
variations

- Stability
It is the constant ratio between input and output under all operating
conditions.

- Repeatability
It 1is the tolerance inside which values of the same measurement are
included and is normally 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 major data.

As the procedure for the calculation of the linearity is the same for
all transducers, we are now to describe it and we will always refer to
it in the development of all the experiences.

In order to determine the transducer input/output curve, a set of
measurement is carried out, by detecting the output values corresponding
to the different input values of the input physical quantity.

Once the Cartesian diagram is plotted with the points of the
measurements detected, the line, approximating these points at best,
can be traced.

It is the best fitting straight line.
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At this point, two lines, parallel and equidistant to the best fitting
straight line, can be traced, in a way to include all points of the
diagram.

Then, a 1line parallel to the y-axis has to be traced, and the points
where it crosses the two parallel lines are called V1 and V2 (fig. 2.2)
The percentage linearity, referred to the f.s.d., is given by:

1 |v2 - v1]
Lin. [Z] =+ - « - 100
2 V f.s.
outpuT#
BEST FITTING
STRIGHT LINE
7=
PHYSWA:_OUANUTY
fig. 2.2

2.1.2 Signal Conditioner

Usually, the output electrical quantity of a transducer cannot be
directly manipulated.

For example, the output voltage range may not be the wished one, the
supplied signal power may be too low, the electric quantity may not be
the one requested, and so on.

For these reasons, the transducer is never supplied alone but with a
SIGNAL CONDITIONER.

The signal conditioner is an instrument converting an electrical
quantity into another electrical one which is more suitable to the
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specific application. v
In the block diagrams, the signal conditioner is represented as in
figure 2.3,

ELECTRICAL ELECTRICAL

QUANTITY QUANTITY
SIGNAL —

CONDITIONER

figure 2.3

In most cases, the transducer is integrated into the process —to —be
strictly in contact with the physical quantity to transduce, so the
block diagrams generally represent the Process, the Transducer and the
Signal Conditioner as in fig. 2.4,
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2.2 Light Transducers

Light transducers are devices which transform 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 physical
quantities such as position, angular speed and so on.

A light radiation is that region of the electromagnetic spectrum which
includes the infrared, visible and ultraviolet components.

Part of the light radiation can be detected by the human eye and is
defined as visible radiation or "Light". The human eye, anyway, 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 limited is the visible part.

10t 10t 10t 17107 10™ 10 10 107 107 107
+ A [m]
10° 10 10*  10° 10" 10" 10" 10" 10" 10® 1o%
f [Hz)
a.c. microwaves visible x=rays
radio trasmissions infrared  uttraviolet gamma rays
| — A

LIGHT RADIATION

fig. 2.5

The table of fig. 2.6 shows the measurement units of the International
System concerning the electromagnetic radiation.

In the study of the electromagnetic radiation, Photometry deals strictly
with the light phenomena and the units adopted are different from the
ones of the International System of measurement as they refer to the
characteristics qf the human eye.

Particularly, the light flow 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 measurement units related to the 1light quantities;
note that when the flow units change, all the other units change, too.
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PARAMETER SYMBOL DEFINITION UNIT
RADIANT ENERGY Qe joute
RADIANT FLOW P P=$ joule /s=watt
RADIANT INTENSITY J I=5 watt/steradian
RADIATION H H=§ watt/m?
fig. 2.6
PARAMETER SYMBOL DEFINITION UNIT SYMBOL
LIGHT ENERGY Qv lumenssecondo im.s
LIGHT FLOW F F=°TV lumen Im
_f lumen/steradian=
LIGHT INTENSITY | i=E ister o
ILLUMINATION E E=§ lumen /m? =lux Ix
fig. 2.7

Interacting with substance, the light radiation produces different
effects.

Among which, there is the "Photoelectric Effect" which consists in the
liberation of electrons by electromagnetic radiation incident on a metal
surface and in case of semiconductors, in the generation of electron-
hole pairs.

The first phenomenon is called photoemission 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:
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1 - Photoconductive Effect

The conductivity of a semiconductor bar depends on the intensity of the
light radiation which strikes it.

2 - Photoelectric effect on the junction (Photovoltaic Effect)

The current across a reversely biased P-N junction depends on the
intensity of the light radiation.

If the junction is not biased, an electromotive force is generated
across it (Photovoltaic effect).

Devices belonging to the first category are called photoresistors, while
those belonging to the second are called photodiodes, photelectric cells
and phototransistors.

Hereafter follow a detailed analysis of these devices.

2.2.1 Photoresistors

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

[OHM]

k E uuxr

- 10 -
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When crossed by a light radiation, it varies its resistance as a result

of the photoconductive effect: the resistance drops when the light
increases.

In dark conditions, the photoresistor practically acts as an insulating
piece, as it has resistance values measured in MQ (dark resistance); if

strongly illuminated it has very low resistance values measured up to
some tens of Q.

The material used for a photoresistor determines the wavelength at which
the device presents the maximum sensitivity.

The following materials are used as photosensible materials: crystal of
cadmium sulphide or lead for sensors within the visible range and
crystal of cadmium selenide for sensors in the infrared range.

The parameters of a photoresistor are, in addition to the characteristic
curve or the resistive values related to determine light values, are:

- The wavelength at which it presents the maximum sensitivity.

- The maximum power which can be dissipated.

+ The maximum voltage peak.

The photoresistor used in unit TY13/EV has the following main
characteristics (see data sheet for details):

* Resistance (10.76 Lux ) : 100 KQ
- Resistance (1076 Lux ) : 2400 @

+ Minimum dark resistance : 4 MQ

- Maximum voltage peak : 250 V

+ Maximum dissipable power : 100 mW

- Maximum sensitivity: 0.55 pm

2.2.2 signal Conditioners for Photoresistor

Refer to figure 2.9.

With switch I1 in the position A, the transducer is disconnected from

the rest of the circuit so that it can be analysed without the influence
of the other components.

- 11 -
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fig. 2.9

Practically, it is possible to insert a multimeter between terminals 16

and 17 for the direct measurement of the resistance of the

photoresistor. With I1 to the position B, the photoresistor is connected

to the rest of the circuit, particularly to the inverting input of IC1.

N.B.: the voltage equal to -5Vdc, connected to the photoresistor, is
taken from -12Vde via the circuit of figure 2.10

~lav 7905

-
I

fig 2.10

O
B

- 12 -



LIGHT TRANSDUCERS

The amplifier IC1 is connected as inverting amplifier. The input signal
consists of a fixed voltage (-5Vdc), while, being the inverting input a
virtual ground point, what varies is the resistance of the transducer
and consequently the current across the feedback chain (R4 and RV2).

R1, RZ, 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 amplify the output current of IC1, which is
necessary as the value of the photoresistor (and consequently R4+RV2) is
very low.

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 same amplifier 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 1light of
300 LUX corresponds to an output voltage of 8 volt.

2.2.3 Photodiode

The photodiode is a device which structure is similar to a common
semiconductor diode, with a P-N junction, and, for this kind of use, it
is reversely biased.

In —dark conditions, the photodiode operates as a common semiconductor
diode, while, when the junction is crossed by a light radiation, the
reverse current increases.

Fig 2.11 shows a typical relation between illumination and reverse
current together with the symbol of the device.

IRl

(a]|
|
100001

|
1000 4

100 4

0.1

0.014

0.001 : ; : . ; — =
0.01 0.1 1 10 100 10° 10* 10 log £
fLux)

fig. 2.1
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The reverse current of photodiodes can take values ranging inside some
nA and some tens of mA and the mostly used semiconductor materials are
silicon, germanium, gallium arsenide and other semiconductor compounds.
Particularly, silicon photodiodes have the maximum sensitivity to light
radiations with wavelength ranging within 0.8 and 0.9 pm, while
germanium photodiodes within 1.6 and 1.8 pm, i.e. in the region of the
infrared.

The characteristics can be improved with a P-I-N structure, 1i.e.
interposing a not doped semiconductor (Intrinsic) between the two doped
semiconductors P and N.

If a photodiode, which is not biased and without load, is illuminated,
it is crossed by a voltage generated inside the junction by the
interaction between the light radiation and the semiconductive material
(photovoltaic effect).

If, then a load is applied to the photodiode, there is a passage of
current and , in this way , a generator of electrical energy is created.
The above said is the operating principle of '"Photovoltaic cells"
(further details on these devices can be found in specialized
literature).

The typical parameters of photodiodes, beside the characteristic curve
or the resistive values concerning some light values, are:

- The maximum reverse voltage which can be applied across it.
- The maximum power which can be dissipated.
* Maximum switching speed (rise and fall times).

The photodiode wused in unit TY13/EV is P-I-N silicon type has the
following characteristics (see data sheet for details):

- Maximum reverse voltage: 32 V DC

- Maximum sensitivity : 0.9 um

- Maximum dark current : 30 nA

- Reverse current with illumination equal to 1mW/cm2 : 50 uA
- No—load voltage (1000 lux) : 350 mV

+ Rise and fall times : 50 ns

- 14 -
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2.2.4 Signal Conditioner for Photodiode

Refer to figure 2.12.

With switch I1 in the position A, the transducer is disconnected from

the operational amplifier and connected to resistor R7 so that it can be

analysed without the influence of the other components. ;

Practically, it is possible to insert a voltmeter between terminal 20

and ground for the direct measurement of the voltage drop across R7 on

the photodiode: in fact the photodiode varies the reverse current which

crosses it as function of the electromagnetic radiation which strikes

it.

With I1 in the position B, the photodiode is connected to the

operational amplifier, particularly to the reverse input of IC1.

N.B.: the voltage equal to -5Vdc, connected to the photoresistor, is
taken from -12Vdc via the circuit of figure 2.10

The amplifier IC1 is connected as inverting amplifier. In this case, the

usable signal consists of the reverse current of the photodiode removes

more or less current from the node of the reverse input.

R1, R2, R3 and RV1 are used to zero the offset voltage of IC1 and to

bias the photodiode.

The transistor T is used to amplify the output current of ICt, and,

above all, to present a similar situation to the one of the

photoresistor.

IC1 varies its output until the voltage of the emitter of the transistor

T (point from which the feedback signal is effectively taken) does not

reach such a level to make the same amplifier 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.

+lay

R1 RV1 R2
189K 16K 108K

-12Vv

BC182

22

ouT
8 to +8v
@ to 308 LUX

fig. 2.12
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2.2.5 Phototransistor

The phototransistor is a device with a structure similar to the one of a
standard transistor, but with a photosensible base.

It is generally NPN kind, it is powered with a positive voltage between
Collector and Emitter and the Base can be left open or connected to the
emitter with a resistor.

In this second case, the sensitivity of the phototransistor can be
adjusted by varying the value of the resistor used.

On dark conditions, the current of the collector Ic is minimum and
increases with illumination.

Fig. 2.13 shows the symbol with the typical diagram of the connection of
the phototransistor; furthermore it shows the characteristic curve with
the relation between the variations of Ic and the variations of the
illumination E.

The main parameters of a phototransistor, in addition to the
characteristic curve, are:

+ The maximum dark current
+ The wavelength of maximum sensitivity
* The switching speed (rise and fall times)

* The maximum admitted values of current, voltage and power.

[ma]

+VCC Z

A

# '

|

TR &

mZJ
i S
\
\
\

r_
N\

—— A

£ [Lux]

fig. 2.13
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The phototransitor used in the equipment has the following main
characteristics (see data sheets for details):

- Dark current : 20 uA
- Rise time : 8 ps

+ Fall time : 6 ps

- Vceo max. : 30 V DC

2.2.6 Signal Conditioner for Phototransistor

Refer to figure 2.14.

With switch I1 in the position A, the transducer is disconnected from
the operational amplifier and connected to resistor R7 so that it can be
analysed without the influence of the other components.

Practically, it is possible to insert an ammeter between terminals 23
and the terminal connected to ground for the direct measurement of the
current generated by the phototransistor by photovoltaic effect.

+igy

RL RV R2 ry
= 188K 18K 180K
N =
1
RV2
R4 K2

2
=7
1c1 6 T
5 |U7al Bcisz
> Re
18K 28
RS
1K ouT
-12y @ to +8Y
@ to 3080 LUX

fig. 2.14
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With I1 in the position B, the photodiode is connected to the

operational amplifier, particularly to the reverse input of IC1.

N.B.: the voltage equal to -5Vdc connected to the photoresistor is taken
from -12Vdc via the circuit of figure 2,10

The amplifier IC1 is connected as inverting amplifier. In this case, the

usable signal consists of the collector current of the photodiode which

removes current from the node of the reverse input in a quantity which

depends on the radiation which strikes the base of the phototransistor.

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 amplify the output current of IC1 and above

all to present a very similar situation to the one of the signal

conditioners seen before.

ICT varies its output until the voltage of the emitter of the transistor

T (point from which the feedback signal is effectively taken) does not

reach such a level to make the same amplifier 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 1light of

300 LUX corresponds to an output voltage of 8 volt.

2.3 Exercises

This section deals with the most significant exercises on light
transducers.

Before starting the exercises, check that the signal conditioners have
already been calibrated according to the procedures described in the
related chapter.

Note on the light source

The illumination necessary to carry out the test on the light
transducers is supplied by an incandescent lamp with tungsten filament,
powered with 24V which produces the light intensity I of 3 candles.

This lamp is fitted inside the process unit which is provided with a
device to move away the sensors from the lamp, so that the energy
striking the transducers is varied.

Hereafter, we consider the effect of the reflection inside the unit as
not affecting (on this purpose the internal walls have been painted
black), the light source as punctiform and the irradiation as uniform in
all directions.

- 18 -
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The solid angle related to a sphere is equal to 4+m steradian, so,

the relation of fig. 2.7 we have:

F = 4en-I [lumen]

F 4emel I
E = = = [lux]
A 4em-R R

with

Referring to the position indications on the panel over unit TY13/EV, we
obtain the illumination shown in fig. 2.15 to which we refer during the

exercises.

SENSOR FILAMENT
DISTANCE ILLUMINATION GRADUATED SCALE
[em] [Lux] fem]
3 3330 0 '
4 1875 i
5 1200 2
6 830 3
7 612 4
8 468 5
9 370 §
10 300 7
1 248 8
12 208 9
13 177 10
14 153 1
15 133 12
16 117 13
17 104 14
18 93 15
19 83 16
20 75 17 J
21 68 18
22 62 19
23 57 20 ’
fig. 2.15

- 19 -
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2.3.1 Detection of the Characteristic Curve of the Photoresistor

The purpose of this exercise is to determine the characteristic curve of
the photoresistor at variation of the illumination.

+ Carry out the circuit of figure 2.16 and connect module G13 to unit
TY13/EV as in figure 2.17

- Set the switch of the PHOTORESISTOR CONDITIONER block to the position
A
Set the multimeter to measure the resistance and connect it between
terminals 16 and 17.

- Connect module G13 to all the necessary supplies.

* Set the lamp to the maximum distance with the slide.

* Set the potentiometer of the SET-POINT block to the maximum value (300
Lux) and the PROPORTIONAL potentiometer of the PID CONTROLLER block to
the maximum value.

* Move the lamp near the light transducers with the slide and in
correspondence to the divisions shown on the panel of wunit TY13/EV,
read the resistance value indicated by the multimeter and report them
in table 2.1 (column OHM).

* Plot a graph with illumination on the x-axis and resistance on the y-
axis and draw the points detected.

* The characteristic curve of the transducer is obtained by joining
these points.

* Remove the multimeter from terminals 16 and 17, take the switch to B
and insert the multimeter, selected as voltmeter for d.c. voltage,
between terminal 18 and ground.

Y13
SET POINT 5 o A;SﬂE&R

16 O— pHoToRESISTOR

CONDITIONER

fig. 2.16

- 20 -
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fig. 2.17

* Repeat all the last measurements: in this case measure the response of
the transducer together with the one of the signal conditioner.

- Plot a graph with illumination on the x-axis and voltage on the y-axis
and draw the points detected.

- 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

- 21 -
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2.3.2 Determination of the Linearity of the Photoresistor

The purpose of this exercise is to determine the linearity of the system
composed by the photoresistor and by the related signal conditioner.

As the characteristic curve of the transducer is far from being a
straight line, there is a slight linearity of the system.

Proceed as in the last exercise. When the table and graph have been
completed, follow the procedure described in chapter 2.1.1.

2.3.3 Plotting of the Characteristic Curve of the Photodiode

The purpose of the exercise is to plot the characteristic curve of the
photodiode, . together with its signal conditioner, at variations of the
illumination.

 Carry out the circuit of figure 2.18 and connect module G13 to unit
TY13/EV as in figure 2.17

* Set the switch of the PHOTODIODE CONDITIONER block to the position A

* Set the multimeter for voltage measurements and connect it between

terminal 19 and ground.
In this case, although a current is generated by the transducer, it is
preferable to measure the fall this current determines on the resistor
R7 as the same current is a very small.

+ Connect module G13 to all the necessary supplies.

Set the lamp to the maximum distance with the slide.

Set the potentiometer of the SET-POINT block to the maximum value (300
Lux) and the PROPORTIONAL potentiometer of the PID CONTROLLER block to
the maximum value.

* Move the lamp near the light transducers with the slide and in
correspondence to the divisions shown on the panel of unit TY13/EV,
read the resistance value indicated by the multimeter and report them
in table 2.2.

* Plot a graph with illumination on the x-axis and voltage of the diode
cathode on the y-axis and draw the points detected.

* The characteristic curve of the transducer is obtained by joining
these points.

Remove the voltmeter from terminal 19, take the switch to B and
insert the voltmeter between terminals 19 and ground.

* Repeat all the last measurements: in this case measure the response of
the transducer together with the one of the signal conditioner.

+ Plot a graph with illumination on the x-axis and voltage on the y-axis
and draw the points detected.

* The characteristic curve of the transducer together with the one of
its signal conditioner is obtained by joining these points.

Confront the quality of the two graphs.

- 22 -
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tab.

™13
SET POINT ﬂ JFONER
PHOTODIODE
e CONDITIONER
fig. 2.18
LUX Vout(19) Vout (22)
2.2
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2.3.4 Determination of the Linearity of the Photodiode

The purpose of this exercise to determine the linearity of the systenm
composed by the photodiode and its signal conditioner.

Proceed as in the last exercise. When the table and graph have been
completed, follow the procedure described in chapter 2.1.1.

2.3.5 Plotting of the Characteristic Curve of the Phototransistor

The purpose of this exercise is to plot the characteristic curve of the
photoresistor at variations of the illumination.

- Carry out the circuit of figure 2.19 and connect module G13 to unit
TY13/EV as in figure 2.17
Set the switch of the PHOTOTRANSISTOR CONDITIONER block to the
position A
Set the multimeter for current measurements and connect its terminals
between terminal 23 and ground.

Connect module G13 to all the necessary supplies.

Set the lamp to the maximum distance with the slide.

Set the potentiometer of the SET-POINT block to the maximum value (300
Lux) and the PROPORTIONAL potentiometer of the PID CONTROLLER block to
the maximum value.

* Move the lamp near the light transducers with the slide, and in
correspondence to the divisions shown on the panel of wunit TY13/EV,
read the resistance values indicated by the multimeter and report them
in table 2.3.

* Plot a graph with illumination on the x-axis and current on the y-axis
and draw the points detected.

- The characteristic curve of the transducer is obtained by joining
these points.

* Remove the multimeter terminal 23 and ground, take the switch to B
and insert the multimeter, selected as voltmeter for d.c. voltage,
between terminal 28 and ground.

* Repeat all the last measurements: in this case measure the response of
the transducer together with the one of the signal conditioner.

Plot a graph with illumination on the x-axis and voltage on the y-axis
ordinates and draw the points detected.

- The characteristic curve of the transducer together with its signal
conditioner is obtained by joining these points.

Confront the quality of the two graphs.
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2.3.6 Determination of the Linearity of the Phototransistor

The purpose of this exercise is to determine the linearity of the system
composed by the phototransistor and the related signal conditioner.
Proceed as in the last exercise. When the table and graph have been
completed, follow the procedure described in chapter 2.1.1.
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3. THE AUTOMATIC CONTROL

3.1 GENERAL FEATURES

Before dealing with the description of light control, let's make a
summary of the main concepts of automatic control which are necessary
for the understanding of the same process.

We 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 "PHYSICAL PROCESS" , which can be simply called "PROCESS" is a set of
physical transformations and /Jor of substance and /or energy
transmissions.

Examples of industrial processes are: oil refinery, metal rolling, steam
production, and so on.

These complex processes consists of elementary processes, which are the
subjects of this handbook.

The theory of Automatic Controls demonstrates, in fact, that the
knowledge of the single parts of the systems gives the knowledge of the
system as a whole.

"CONTROL" means the control actions to be performed to obtain the wished
course of the process.

"AUTOMATIC CONTROL" means the control performed without man's operation.
These actions will be performed by the devices of the " CONTROL SYSTEM".
Manual control is when man's action varies according to the results from
the comparison among the assumed and established values of the
controlled quantity.

Automatic control is when the system itself can control the control
variables in order to cancel the difference among the assumed and
established values of the controlled quantity.

"INPUT" or "SET-POINT" is the stimulus (or excitation) applied to the
control system.

The "OUTPUT" is the variable of the process which is to be controlled.
"SYSTEM", is the union of process and control system.
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3.1.1 Block Diagram

When studying control systems, it is useful to graphically describe the
interaction among the different components in order to point out the
transmitted information stream and the actions of each process variable
onto the others.

This graphical representation is called "FUNCTIONAL BLOCK DIAGRAM".

Fig. 3.1 shows a functional block with input and output oriented
segments representing the information stream.

INPUT . QUTPUT
3 U
—_—— BLOCK -
fig. 3.1

A block can be characterised only by defining the output as a function
of the input.

The most accurate way to do it is by using the "Transfer Function",
which can generally be expressed with :
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where E is the input signal (with variable s, see Laplace transf.) and U
is the output signal (always with variable s).

Addiction and subtraction are represented with adding and subtracting
poles; they are replaced by circles in which the + and - signs are
indicated as necessary for the arrows entering or leaving the circle
(fig. 3.2).

Any number of inputs may enter an adder.

fig. 3.2

If the same signal is to be used as an input variable into more than one
block or adder, a branch point is used (fig. 3.3).

From a starting block representation of the system, it is possible to
change two or more elementary blocks with a single block whose transfer
function will correspond to the combination of each block transfer
function, representing the whole system with a single block.

The rules collecting this operations are called "block diagram algebra".

X9

X

fig. 3.3
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3.1.2 Control Systems Classification

The control systems are classified into two general categories,
precisely:

* Open-loop systems.

* Closed-loop or Feedback Systems

Open-loop systems are those in which the control action is independent
of 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 reference
quantity will produce an action aimed at cancelling the difference
itself.

Fig. 3.4 shows the block diagram of a negative feedback control system.

| NQISE

'

REFERENCE CONTROLLED
>\ ERROR OUTPUT

CONTROLLER AMPLIFIER > PROCESS

r —r\/ e=r-h

SIGNAL
CONDITIONER

TRANSOUCER

fig. 3.4
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The meaning of the blocks and the signals is the following:

Controller: It is the group of devices required to generate the
particular control signal to be applied to the amplifier and then to
the process.

Transducer and Signal Conditioner: are the devices converting the
controlled output quantity into a Set-Point homogeneous one.

* Error signal: it is the signal obtained from the difference between
the Set-Point and the feedback signal coming from the Signal
Conditioner.

Disturbance: it is an unwished (input) signal which affects the value
of the output.

The main advantages of closed-loop control in respect to open-loop one
can be listed as follows:

* Less sensibility to parametric variations
- Less influence on the disturbing quantities

These advantages are important because parameters variations and
disturbances are unexpected.

3.1.3 Canonical Form of Feedback Systems

Let us examine the feedback system represented by the block diagram in
fig. 3.5.

This configuration is known as the " Canonical form" of a feedback
control system.

Any feedback system, of any degree of complexity, may be reduced to the
canonical form.

r e ouT
G > -

fig. 3.5
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3.1.4 Linear Systems - Differential Equations

A system may be defined as LINEAR (and may therefore normally be
described by a linear differential equation) if it satisfies the
following requirements: if an input X1(t) produces an output Y1(t) and
an input X2(t) produces an output Y2(t), then an input C1-X1(t)+C2-X2(t)
produces an output C1-Y1(t) + C2-Y2(t), for every pair of inputs X1(t)
and X2(t) and every pair of real constants C1 and C2.

In other words, the concept of linearity may be represented by the
effect superposition.

Actually, no physical system can be described with precision by a linear
differential equation with constant coefficients; however many systems
may be described, although on limited operational fields, using this
type of equations.

The solution of a 1linear differential equation with constant
coefficients, is the response of the system which it describes. It may
be divided into two parts:

- free response
- forced response

Free response is the solution of the differential equation when the
input variable is identically zero.

A forced response is the solution to the differential equation when all
starting conditions are equal to zero.

The sum of these two responses represents the total response of the
system.

The total response may also be considered as the sum of two particular
responses:

- transient response
- steady-state response

These terms are often used to specify the characteristics of the system
and can be derived with particular input canonical functions.

3.1.5 The Laplace Transform

Some of the techniques used in solving engineering problems are based on
the replacement of functions of a real variable (normally time) by
functions or representations depending on the frequency.

The Laplace transform is a transformation technique relating time
functions to frequency dependent functions of a complex variable.

The mathematical transformation is extremely useful in solving linear
differential equations with constant coefficients.

When the problem has been solved in terms of complex functions, this
transformation must be inverted in order to return to the time domain
(Inverse Laplace Transform).
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3.1.6 Canonical Functions

The following functions are mainly used when studying control systems:

- unit impulse function
unit step function
unit ramp function

Each of these functions is linked to the others by one or more
integrations or derivations.

These functions are important because the response obtained by the
process with these inputs, supplies information for the same system
characterisation.

Particularly, the characteristics are:

Sensibility
Accuracy
- Response speed
- Stability

3.1.7 Sensitivity of a Control System

Sensitivity can be defined as the smallest variation of the reference
quantity causing variations on the output quantity, or as the smallest
error producing a control action.

3.1.8 Accuracy of a Control System.

Accuracy is the approximation with which a controlled quantity is kept
to a set-point value.

The difference between the effective and the set-point values of the
controlled quantity is defined as error.

Accuracy and errors can be measured in steady and in transient
conditions as well; in the first case there is a static error, in the
second a dynamic one.
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3.1.9 Speed of Response — Time of Response

The speed of response is the speed of a System to reach a new balance;
it depends on the time constants, that is the delays produced by the
different elements of the system.

Similarly the time of response is the time employed to reach the
balance. C

The time of response can be measured in two different ways, as the
following figure shows (fig. 3.6).

Here we refer to the first way.

ve ¢ Ve |
TANGENT
Vef Vef =
0.9vcf
0.5Vcf A
0.1Vef 7

fig. 3.6

3.1.10 Stability of a Control System.

Stability is the system ability to reach the balance with aperiodic or
damped oscillating operation.

With permanent or increasing oscillations, the system will be defined
as unstable.

Instability occurs when delay elements are present in the control system
components: this causes over-regulations phenomena which may generate
permanent oscillations.

Fig. 3.7 shows three different transient operations: aperiodic, damped
periodic and permanent periodic.
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Vr

With damped oscillations, the maximum value
quantity in transient conditions
finished transient condition (Vew)

Ve

Vr

v

Vr

v

fig.

3.7

Ve ]

N

reached by the controlled
(Vem) and its ratio in respect to the
(fig. 3.9) are important.

“\\\ ///F\\\ SN~ Ve
W/ v ST

fig.

3.8
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The following ratio is defined as over-elongation:

Vem - Veo
Se = —m83
Vcao

3.1.11 Control System Analysis

The main purpose of analysing a feedback control system is to determine
the following characteristics:

* transient response
* steady state response
* degree of stability

It is often not sufficient to know whether a system is stable; it is
therefore normally necessary to determine the relative stability which
is closely linked to the system transient response.

As it is difficult to study (i.e. directly solve the differential
equation) systems above second-order in the time domain, different
GRAPHIC METHODS exists allowing the analysis of feedback control
systems.

They are:

Root locus plot (s-domain study)

&

Bode diagram (w-domain study)

*

Nyquist diagram (w-domain study)

¢ Nichols chart (w-domain study)

3.2 Control System Design

As regards the design, the main purpose is to obtain the desired
behavioral specifications, in terms of speed response, accuracy and
stability.

The latter may be classified as follows:
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* frequency-domain specifications

* time-domain specifications.

Frequency-domain specifications are normally presented in the following
terms: .

a) gain margin

b) phase margin

c) bandwidth

d) cutoff rate

e) resonance amplitude peak

f) resonance frequency

Time-domain specifications are normally defined in terms of unit-step
response, which has one steady state component and one transient
component.

Steady state performance is indicative of the accuracy of the system,
while ‘transient performance is indicative of the speed of response and
the relative stability.

Typical time domain specifications are:

a) overshoot

b) delay time

c) rise time

d) settling time

e) dominant time constant

Considering that the transfer function of the system is difficult to
modify, it is necessary to introduce an appropriate compensating block,
the "CONTROLLER" (fig. 3.4).

The controller can be active type (amplifier, integrative, derivative or
with two or three positions) or passive type (lag network and lead
network).

The parameters of a standard regulator can be modified in order to
obtain the desired responses of the process (controller
prearrangements).
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Standard regulators which are normally used in industry are active type,
and all include proportional, integrative and derivative actions and
controlled parameters which give rise to the actions of the type
explained below.

For some applications, a two-position (ON-OFF) controller can be used
for unidirectional systems while a three-position controller for
bidirectional ones.

A controller of the last type determines the interval application of
power to the actuator with consequent "triangular" operation of the
controlled variable.

3.2.1 Proportional Action (P)

This action is introduced by an amplifier/attenuator.

The output, apart from the coefficient of amplification/attenuation, is
identical to the output.

Fig. 3.9 shows an amplifier /attenuator whose transfer function value is
KP.

Vi Vo=KpeVi

fig. 3.9

3.2.2 Integrative Action (I)

This action is introduced by a pure integrator.
The block transfer function (fig. 3.10) producing the integrative
action, is:
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KI 1
W(s) = — =
s tl-s

where vl is the "time constant of the integrative action".

The output, relative to a step input, presents a linear delay. After a
period equivalent to the time of the integrative ac¢tion, the output
reaches the value of the input (fig. 3.11).

3 Ki
Vi Ki Vo=?I Vi
5
fig. 3.10
)
v
QUTPUT
INPUT
& 7l t
fig. 3.1

Note that after reaching the input value, the output continues
to increase at the same rate until the input returns to zero.
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3.2.3 Derivative Action (D)

The action is introduced by a pure derivator (fig. 3.12).

The output relative to a linear ramp input is equal to the value that
the input will have after a time equivalent to the period of the
derivative action.

The transfer function is:

W(s) = s*KD = s+tD

where <D is called "time constant of the derivative action" (see fig.
3.13).

Vi Vo=KD-soVih
Kp*s =

fig. 3.12
The output value, which is equivalent to the value that the

input will have after the time tD, is maintained until the input
slope changes.

OUTPUT

INPUT

f————— 70—

fig. 3.13
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3.2.4 Combined PID Action

Let's now consider the combined effect of the proportional, integrative
and derivative actions as shown in fig. 3.14.

Kp

™M
=

©| =
9

KDQS

fig. 3.14
The transfer function of the regulator, which combines the three

actions, is:

KI
W(s) = KP + — + KD-s
)

Kp-s + KI + KD-s2

W(s) =
s

Note that the global function of the PID is formed by a pole (in the
origin) and by two zeroes (not in the origin).
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3.3 PID Controller

The PID controller "shapes" 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. ©oe

=
INPUT I 4_+ OUTPUT
+
D
fig. 3.16

This block is composed by an operational amplifier with inverse
connection which gain (constant of proportionality of the proportional
controller) is given by the ratio between the resistance composed by the
set of R7 and of P2 with RS.

Kp = (R7+P2)/R5

21 w1 22 i 23 W1 26 Wt

fig. 3.17
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The output of the PROPORTIONAL block is shifted of 180° (inverting
amplifier) in respect to the input but this is not a problem as the
output of the PID controller is carried out by a reverse amplifier which
takes the phase back to 0°. The two Zener diodes Z1 and Z2 prevents the
output of the oeprational amplifier to get into saturation: in fact when
the output voltage gets over the characterisitic value of the diode (in
this case 9.1V) its impedance drops, limiting the gain of the amplifier.
The electrical diagram of the INTEGRATIVE block is shown in figure 3.18,
This block 1is composed by an operational amplifier connected as pure
integrator which time constant is given by the value of the set of R6
and P1 multiplied by C2: by varying P1, it is then possible to vary the
time constant of the integrative action.

The same considerations made for the proportional block can be made also
as far as concerns the phase ratio between input and output.

25 V1 28 9vg

RS 1M
—
R —]
c 1p R4
1L 18K
P1 [ § | —1
108K R6 e

8 18K
I I 1c1c g o—

18

fig. 3.18

The electrical diagram of the DERIVATIVE block is shown in figure 3.19.
This block is composed by an operational amplifier connected as shunt
which time constant is given by the set of R8 and P3 multiplied by C1:
by varying P3, it is, then, possible to vary the time constant of the
derivative action.

The capacitor C3 reduces the influence of high frequency disturbances
that in this case are very high.

The same considerations made for the proportional block can be made also
as far as concerns the phase ratio between input and output.
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23 91 24 V1
25 9vi 26 9vi
C3 In g
| [____4
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i +iay R9 1K f:l_— ) “1eK
O—— ] 4 ;
W
IN 1018 N\ ! ,__ll 13
LF347 i
2 11 1c1D
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fig. 3.19

3.4 EXERCISES

The following instruments are necessary in order to carry out the
experiments:

- Function generator

- Dual-trace oscilloscope

3.4.1 Check the Output Voltage Waveform of a Proportional Controller
and Measure the Proportional Constant

* Carry out the circuit shown in fig. 3.20
Set the "DERIVATIVE" potentiometer to the maximum value

- Connect the module to the voltages 12 Vdc

- Apply a square wave signal with 100 Hz frequency, 100 mV amplitude and
null mean value between point 10 and ground

- 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 IC1 amplifier gain to the minimum value with the
"PROPORTIONAL" knob of the potentiometer
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* Compare the difference between the output and input signal

* Compare the output and input voltage wave-forms

+ Calculate the proportionality constant Kp of the proportional
controller (Kp is the ratio between amplitude of the output and input
voltage)

- Change amplifier IC1 amplification with the potentiometer
"PROPORTIONAL" knob and check the output voltage variations. and Kp

 Vary the wave-form of the input signal from square to sine and then to
delta and observe the proportional controller response to this kind of
signals

Re
1
—
@__,3 PROPORT IONAL 8"“84 . 2
™ 5
ACTION = 19
1c1 b—i3)
o
fig. 3.20

3.4.2 Check the Output Voltage Waveform of a Integrative Controller and
Measure the Time Constant

+ Carry out the circuit of figure 3.21

- Connect the module only to the voltages +12 Vdc

+ Apply a square-wave signal with 100-Hz frequency, 2-Volt amplitude and
null mean value 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 integrator time constant to the minimum value with the
"INTEGRATIVE" knob of the potentiometer.
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Compare the output and the input voltage waveform and comment.
Calculate the theoretical time constant KI of the controller with
integrative action as given by the values of the components shown in
fig. 3.21

Calculate the time constant KI of the proportional controller (KI is
the time the output employs to reach the input signal amplitude)
Change the time constant with the potentiometer "INTEGRATIVE " knob
and check the output voltage variations and KI A

Change the input signal frequency and control the variations on the
output

* Apply a sine-wave signal with 100-Hz frequency, 2-Vpp amplitude and
null mean value

+ Check how the output signal is the integrate of the input signal and
how, by acting on the potentiometer knob, there is a variation of the
time constant on this signal.

R4
1
el
@_3 INTEGRATIVE i 82
F e | -
ACTION o 10
1c1 —3)
-
fig. 3.21
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3.4.3 Check the Output Voltage Waveform of a Derivative Controller and
Measure the Time Constant

Carry out the circuit of figure 3.22

* Connect the module only to the voltages #12 Vdc (disconnect the +30
Vdc power supply)

* Apply a delta wave signal with 100-Hz frequency, 0.5-Volt ' amplitude
and null mean value 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 to the minimum value with the
"DERIVATIVE" knob of the potentiometer

* Compare the output and the input voltage wave form and comment

* Calculate the theoretical time constant KD of the controller with
derivative action as given by the values of the components shown in
fig. 3.22

* With the oscilloscope, calculate the time constant KD of the
controller with derivative action (KD is the time necessary for the
input to reach the value of the output signal)

* Vary the time constant and check how the output voltage and KD vary,
by acting on the potentiometer "DERIVATIVE" knob

* Change the input voltage frequency and check the output voltage
variations

* Now, apply a sine-wave signal with 100-Hz frequency, 2-Vpp amplitude
and null mean value

+ Check how the output signal is the derivate of the input signal and
how the time constant variation affects this signal, by using the knob
of the potentiometer.

R4
1
2 DERIVATIVE s Ll
| o S
ACTION g e S 19
Ic1 —)
Jj_”*
fig. 3.22
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3.4.4 Check the Qutput Voltage Waveform of a Proportional-Integrative
Controller

Carry out the circuit of figure 3.23

- Apply a square wave signal with 50-Hz frequency and 2-Volt 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 minimum value with the
"PROPORTIONAL" knob of the potentiometer
Set the time constant of the integrator to the minimum value, by
acting on the potentiometer "INTEGRATIVE" knob

- Compare the output and the input voltage waveform and comment
Switch the time and the proportionality constants from the minimum to
the maximum value and check the output voltage variations

- Change the input voltage frequency and check the output voltage
variations.

R1
4 S 18K
PROPORTIONAL R4
ACTION 10K
| |
| S
R2
: INTEGRATIVE § z L
—
C o ATION & o - 10
1c2 —

fig. 3.23
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3.4.5 Checking of the Waveform of the OQutput Voltage of a PID
(Proportional—IntegrativehDerivative) Controller

- Carry out the circuit of fig. 3.24

* Apply a square-wave signal with 50-Hz frequency, 2-V amplitude and
null mean value 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 the proportionality constant Kp to the minimum value by acting on
the potentiometer "PROPORTIONAL" knob
Set the time constant of the integrator to the minimum value, by using
the potentiometer "INTEGRATIVE" knob

* Set the time constant of the derivator to the minimum value, by using
the potentiometer "DERIVATIVE" knob

* Compare the output voltage wave-form to the input one and comment your
analysis

* Vary the time and the proportionality constants from the minimum value
to the maximum and check how the output voltage varies
Change the input voltage frequency and check the variations of the
output signal
In particular, check which are the frequencies where the proportional,
the derivative and the integrative actions have more weight.

4 S 18K
PROPORTIONAL | o —®—f}— R4
ACTION 18K
™1
T
3 6 ? 18K
@ INTEGRATIVE | __o—~g =
ACTION 18
Ica 5
e
R3
8 9 ek
DERIVATIVE — o—{
ACTION

fig. 3.24
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CHAPTER 4

AUTOMATIC CONTROL OF LIGHT

4.1 ELECTRICAL DECSRIPTION OF THE BLOCKS COMPOSING THE CONTROL

4.1.1 Set—-Point

The SET-POINT block supplies the input signal for the whole module. The
block 1is carried out with the circuit of figure 4.1. The electronic
component Z1 1is a variable voltage reference: in fact it operates in
order to vary the voltage of cathode K (terminal 1) until the voltage of
the REF point 1is not equal to a set-point voltage inside the same
regulator.

This set-point voltage is equal to about 2.7V, while the REF voltage
depends on the voltage of cathode K and on the resistive divider
composed by R2, R3, RV1,

Using the trimmer RV1, the value of the divider can be changed until it
reaches the required voltage value across the cathode.

The resistor R1 causes the voltage drop between the supply voltage
(+12Vdc) and the required voltage on the cathode.

Take a part of the voltage generated by Z1 with the potentiometer P1,
adjustable with the LUMINOSITY knob on the module.

"IEV

1 _+VREF +8.e8V

fig. 4.1 Rw
£ L SET
POINT
PI.
2Ke2
-n_4gac LUMINOSITY
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This voltage is the reference signal for the whole module.
The capacitor C1 is used to filter the input or output voltage
variations at a high speed.

4.1.2 Error Amplifier

The "ERROR AMPLIFIER " (fig. 4.2) is the block which compares the input
value (set-point) and the obtained output value.

It consists of an operational amplifier with differential configuration,
the output of which is given (as R4/R1=R3/R2) by the difference between
the signals presents at the two inputs multiplied by the ratio R4/R1.
The trimmer RV1 cancels the offset voltage of the operational amplifier.

R1

13 1@0K
FEEDBACK
R2
SET PGINT Lo
INPUT
14
R3
18@K

fig. 4.2

4.1. PID Controller

The PID controller has already been analysed on chapter 3.3.

4.1.3 Power Amplifier

The power amplifier takes the output signal of the PID controller,
adapts the range amplitude of the actuator and, above all, amplifies the
power so that it can be applied to the same actuator.
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The diagram of the POWER AMPLIFIER inserted on module G13 is shown on
figure 4.3.

The actuator under test (the incandescent lamp on unit TY13) has a range
of 24Vdc while the PID controller has a range of 8Vdc: the two signals
are proportional ifthe voltage gain of the power amplifier is 3.75.

The operational amplifier IC2 is connected as inverting amplifier. In
this case, its voltage gain is given by:

G = -Rf/Ri

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

G = -R4/R3 = -100K/33K = -3

The explanation if the total circuit includes the analysis of the
operation of the two transistors. Particularly, the operational
amplifier varies its output until the voltage across point 12 reaches
the value equal to the input (terminal 6) multiplied by the gain of the
same amplifier,

+30v

R6
47K

T2
TIP3Q

11

IN

fig. 4.3
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By rising the voltage across 6, the input current across the base of T1
increases and so does the collector increases proportionally. This
means that the voltage applied across the base of T2 drops and
consequently the current of the collector of T2, which determines the
voltage across point 12, increases.

The capacitor C1 stabilizes the system preventing oscillations. The
resistors R6 and R7 bias T2, the diode D1 limits the negative voltage
which can be applied to the base of T4 (especially for transistors, at
starting, for variations of the current absorbed by the lamp and so
ON...)

4.2 Control with P Controller

With this kind of controller, the output signal is proportional to the
input signal: what can be varied is the proportionality constant.

The above said is true only with ideal controllers; with real
controllers, if the input signal is too high or if the proportionality
factor is too high, there are risks of saturation and consequently of a
non-linear behaviour.

It 1is evident that the behaviour is linear only for a limited range of
input values (proportional band).

Refer to figure 4.4.

The error signal, obtained by the comparison between the signal supplied
by the signal conditioner of the transducer and the set-point signal, is
amplified by a factor KP.

A
T(C)

e o o
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Outside the proportional band, the controller determines an ON/OFF power
output, this means that all the available power or nothing is applied to
the actuator (this is an area without proportional behaviour), while
inside it the power is modulated.

When in steady state conditions (once the transitors are terminated),
the power coming from the amplifier to the actuator, depends on the
power supplied to the load and on the actuator efficiency.

Note that for this kind of controller, the error is never null, but
depends on the coefficient KP and, consequently, on the value of the
same proportional band. This can also be explained by saying that the
error different from zero is necessary to obtain an output voltage
different from zero.

Different 1light behaviours as function of time depend on the chosen
propertional band.

Fig. 4.5 shown different light behaviours with:

a) too large Bp
b) correct Bp

c) too narrow Bp

fig. 4.5
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4.3 Control with PI and P I D Controllers

We have seen that the main disadvantage of the proportional controller
is its constant need of an input voltage different from zero (and,
consequently, an error different from zero in closed-loop control
systems) to obtain an output voltage different from zero. With the
integrative action, there may be an output different from zero with null
input and so the steady state error can be reduced to zero.

In the integrative controller, the output voltage is the integrate of
the input voltage.

It may happen that the inertia of the system is very high, so the
integrative action introduces some phase displacements which take the
system to wunstable conditions (generation of oscillations). For this
reason, the integrative action can be united to the proportional one.

If the oscillations remain, the derivative action is inserted, together
with the proportional and the integrative ones, so to create a more
effective starting control action.

In the derivative controller, the output is the derivate of the input
function and so it has a strong influence on the rapidly changing zero
signals. As a limit, when the input voltage is constant and different
from zero, its output is null.

With the process evolution, the derivative action is replaced by the
integral one to cancel the regulating error in respect to the value on
steady state.

4.4 Controller Set-up

When the standard PID regulator is inserted in a feedback process, the
problem arises of determining the parameters KP, KI and KD which are
necessary for an accurate regulation (according to  the given
specifications) of the controlled quantity.

Generally, this problem is solved by choosing the KP value first,
excluding the other two actions, and then obtaining the value of KI
first and of KD after.

Procedures, obtained by several empirical tests on the processes, are
available which permits to determine the controller set-up for the best
response.

Standard setting procedures may 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 time response of the process at the step input.

- 56 -



AUTOMATIC CONTROL OF LIGHT

The procedures included in the first group assume that it is possible to
bring the (closed-locop) control system to the limit of its stability by
adjusting the parameters of the controller.

When at the limit of stability, it is obvious that the oscillations of
the variable quantities must not damage the process.

The best-known of the proposed procedures is the Ziegler-Nichols one,
which consists in the following operations:

- exclusion of the integrative action

- exclusion of the derivative action

- increase of KP, starting from the minimum value, until the closed-loop
system reaches the limit of stability

— measurement of the value KPc of KP which makes the system unstable

- detection of the period Tc of the oscillation which occurs in the
system above the limit of stability.

Once the two values KPc and Tc are obtained, the Ziegler-Nichols method
suggests setting the parameters of the regulator, in the various
possible cases, as shown in the following table:

CONTROLLER KP KP/KI KD/KP
P 0.5+KPec
PI 0.45<KPc | 0.85-Tc
PID 0.6<KPc 0.5:Tc 0.12+Tc

The procedures belonging to the second group include the possibility to
measure the indicial response of the open-loop process.

Ziegler and Nichols have developed the formulae for this group too,
which can be summed up as follows (refer to fig. 4.6):
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~ Open the feedback loop

- Take the gain KP to unit value

Exclude the integrative and derivative action

- Set a unit step signal at the input and analyse the response of the
signal conditioner output, which will be as shown in fig. 4.6 where
the three fundamental parameters are pointed out:

% K = gain
* Tm = dead time
*# T = time constant

SET‘F’O'NT. g CON;RO%LER AMPLIFIER o PROCESS L
p=

OPEN-LOOP
INDICAL
RESPONSE =l
* CONDITIONER = TRANSDUCER
A
v
K
0.9K
0.1K
Tm T b o
fig‘ 4.6
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With this method, Ziegler and Nichols have developed the formulae used
to obtain the values of KP, tl and tD of the basic parameters.,
These formulae are listed in the following table.

CONTROLLER KP KP/KI KD/KP
1T
P — ——
K Tm
0.9 T
PI ——— 3.3:Tm
K Tm
1.2 T
PID ————— 2:Tm 0.5:Tm
K Tm

4.5 Exercises

4.5.1 Automatic Open-loop Control of Light

+ Carry out the circuit of figure 4.7

 Connect module 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 (PHOTORESISTOR, PHOTODIODE, PHOTOTRANSISTOR
CONDITIONER) to the position B

* With the set-point apply a voltage of 4 Volt: this voltage corresponds
to a light of 150 lux

* 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

* Repeat the measurement of the output voltage of the signal conditioner
of the phototransistor

* Note a strong increase of voltage which represents the light. Which is
the reason?

* Repeat the measurement using the other two transducers present in unit
TY13 (photoresistor and photodiode).

* Repeat the last measurements for all the SET-POINT values reported in
table 4.1

* Report the set-point voltage/light diagrams in fig. 4.8 in the two
cases with the slide in the position 300 lux and 370 lux.

* Confront the values obtained in the two positions different from the
slide
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SET POINT
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LUMINQOSITA' A
LUX |

300 —
150 —

75—

e SET POINT
1 2 3 4 5 6 7 8 o

fig. 4.8

4.5.2 Automatic Closed-loop Control of Light

Carry out the circuit of figure 4.9

Connect module 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 (PHOTORESISTOR, PHOTODIODE, PHOTOTRANSISTOR
CONDITIONER) to the position B

Set the PID CONTROLLER to the maximum with the PROPORTIONAL knob and
to the minimum with the INTEGRATIVE one

+ With the set-point, apply a voltage of 4 Volt: this voltage
corresponds to a light of 150 lux

* 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 24Volt applied to the lamp when this is near
the transducers

* Repeat the measurement of the output voltage of the signal conditioner
of the phototransistor

+ Why does the measured voltage keep close to 4 Volt?

* Repeat the measurement carried out before for all the SET-POINT values
shown in table 4.1

* Report the set-point voltage/light diagrams in a figure like 4.8 in
the two cases with the slide in the position 300 lux and 370 lux.

- Confront the values obtained in this case with the ones obtained in
the open-loop control.
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SET POINT
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4.5.3 Closed-loop Automatic Control of Light: Effect of the Different
Components of the PID Controller

+ Carry out the circuit of figure 4.10
Set the slide of unit TY13/EV to the position 300 lux and the switches
of the signal conditioners (PHOTORESISTOR, PHOTODIODE, PHOTOTRANSISTOR
CONDITIONER) to the position B
Insert only the proportional action of the controller (connect only
terminals 4 and 5) and take the PROPORTIONAL handle to the minimum
value

* With the set-point knob, apply a voltage of 4 Volt and measure the
voltage of terminal 15 (output of the error amplifier) which
corresponds to the difference between the set—point and the obtained
output quantity
Increase the gain of the Proportional controller, by acting on the
PROPORTIONAL knob, taking care not to take the system into
oscillation

* Measure the output voltage of the error amplifier and detect how the
error  varies as function of the proportional action
Insert the integrative action by connecting terminals 6 and 7 and take
the INTEGRATIVE potentiometer to the minimum value: measure the error
Set the INTEGRATIVE potentiometer to half stroke and the PROPORTIONAL
potentiometer to the minimum

* Note how the integrative action tends to zero the error

* Note how the integrative action diminishes the error but tends to make
the system oscillate (unstable conditions)

+ Now, introduce the derivative action and observe how this action takes
the system back to stable conditions.

LIGHT UNIT TY13

TiGnT
1 SET POINT PID CONTROLLER POWER AWPLIFIER PROCESS
4T®5

UMIT TrId
C '_,...--—-—...__‘_-
o 3 10 N - o
D ‘ LIGHTER

ERAOR AWPLIFICR PHOTORESISTOR CoN,
13 5
,.11 4 154 1

L

3

ITTTTTTITTTITTOITTITIT]

T

—

F

fig. 4.10
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4.5.4 System Step Stress: Variations of the PID CONTROLLER Constants

* Carry out the circuit of figure 4.11

* Set the slide of unit TY13/EV to the position 300 lux and the switches
of the signal conditioners (PHOTORESISTOR, PHOTODIODE, PHOTOTRANSISTOR
CONDITIONER) to the position B

* Set the function generator for a Square-wave output with - amplitude
ranging from 0 and +4 Volt and frequency of 100 Hz and apply this
signal between terminal 14 and ground.

* Apply one probe of the oscilloscope to the output of the signal
generator

* Set the PID CONTROLLER to operate with the three actions inserted
contemporarily

* Apply the second probe of the oscilloscope to terminal 28 and check
the system response to the input stress.

* Change the weight of three actions and check the system response to
these variations

* Combine the PID CONTROLLER by removing one or more actions and observe

how the system responds to step stresses with p, I, D, PI, PD, ID and
PID controllers

LIGHT UNIT TY1]
0 0 0 0 0O
[CH

JGHT
PROCESS
T M3

PID CONTROLLER POWLR AMPLIFIER

4T®5

| p3 10PN 14

]

-""'___-""""—-—o

LIGHTER
__,..____,..--...____-_.-‘o
CRROR AMPLIFICR PHOTORESISTOR CON.

13
15 18 4
Pl14 ) (e

[ e

EEEEEEREREREREREE

/
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fig. 4.11

APPENDIX A

CALIBRATIONS

In the following pages we describe the calibration procedures of module

G13.
For the calibration of any single block, carry out only the connections

described in any single calibration procedure
To identify the trimmers used in the calibration, refer to figure A

RV4 RVS RV6 RV8

Q Q OO OO0
Cj} RV3 T™VvV?

Rva2

OO

RV1

fig. A

SET-POINT Block

+ Connect module G13 to all the necessary voltages
- Act on RV1 until the voltage of terminal 1 reaches 8 volt.
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ERROR AMPLIFIER Block

- Connect module G13 to all the necessary voltages
Shortcircuit terminals 13 and 14 and act on RVZ until the voltage of
terminal 15 drops to 0 volt.

PHOTORESISTOR CONDITIONER Block

 Connect module G13 to all the necessary voltages

+ Connect module G13 to unit TY13/EV according to figure 2.17

* Set the slide of the external unit TY13/EV to the position 300 lux

* Connect terminal 2 to 11 and, by acting on the SET-POINT handle, apply
a voltage of 0 Volt to the input of the power amplifier (terminal 11)

* Act on RV3 until the voltage of terminal 18 drops to 0 volt

+ Take the SET-POINT voltage to 8 Volt

* Act on RV4 until the output voltage present across terminal 18 drops
to 8 Volt.

PHOTODIODE CONDITIONER Block

- Connect module G13 to all the necessary voltages

* Connect module G13 to unit TY13/EV according to figure 2.17

- Set the slide of the external unit TY13/EV to the position 300 lux

- Connect terminal 2 to 11 and, by acting on the SET-POINT handle, apply
a voltage of 0 Volt to the input of the power amplifier (terminal 11)

* Act on RV5 until the voltage of terminal 22 drops to 0 volt

- Take the SET-POINT voltage to 8 Volt

* Act on RV6 until the output voltage present across terminal 22 is
equal to 8 Volt.

PHOTOTRANSISTOR CONDITIONER Block

- Connect G13 to all the necessary voltages

+ Connect module G13 to unit TY13/EV according to figure 2.17

+ Set the slide of the external unit TY13/EV to the position 300 lux

* Connect terminal 2 to 11 and, with the SET-POINT handle, apply a
voltage of 0 Volt to the input of the power amplifier (terminal 11)

* Act on RV7 until the voltage across terminal 28 drops to 0 volt

 Take the SET-POINT voltage to 8 Volt
Act on RV8 until the output voltage present across terminal 28 is
equal to 8 Volt.
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National
Semiconductor

LF147/LF347/LF347B Wide Bandwidth

Quad JFET Input Operational Amplifiers

General Description

The LF147 Is a low cost, high speed quad JFET input opera-
tional amplifier with an intemaily trimmed input otfset volt-
age (BI-FET IiTM technology). The device requires a low
supply current ana yet maintains a large gain bandwidth
product and a fast slew rate. In addition, well matched high
voitage JFET input davices provide very low input bias and
offset currents. The LF147 is pin compatible with the stan-
dard LM148. This feature ailows dasigners to immediately
upgrade the overall pertormance of existng LF148 and
LM124 designs.

The LF147 may be used in applications such as high speed
integrators, fast O/A converters, sampie-and-hoid circuits
and many other circuits requiring low input offset voitage,
low input bias current, high input impedance, high siew rate
and wide bandwidth. The device has low noise and otfset
voltage drift.

Simplified Schematic
Y Quad

e o

INTEANALLY
TRIMMED

INTEANALLY
TRINMED

-Veg O -* "
TL/H/5647-13

aved/2vedN/ v A0

Features
u Internally trimmaed otfset voitage S mV max !
m Low input bias current 50 pA
® Low input noise current 0.01 pA/vHZ
B Wide gain bangwidth 4 MHz
m High slew rate 13 Vius
u Low supply currant 7.2 mA
® High input impedance 10120 |
® Low total harmonic distortion Ay =10, <0.02%
AL =10k, Vo =20 Vp-p, BW=20 Hz~20 kHz
| Low 1/f noise corner 50 Hz
® Fast settling time to 0.01% 2 s
Connection Diagram
Duai-in-Une Package
aure Ne IN & V= N INT™ ourl
14 ||J

D

NS

||z ]n ||o || ||
[

1 4 l V | 1
Ut t LM (LR v* n2* LT o T2
TUH/5647 -1
Top View

Order Number LF 147D, LF347D, LF147J, LF347BJ,
LF347J, LF347M, LF347WM, LF347BN or LF347N
See NS Package Number D14E, J14A, M14A,
M14B or N14A




LF147/LF347/LF3478

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Ottlce/Distributors for availability and specifications.

LF147 LF347B/LF347
Supply Voltage =22V 18V
Difterential input Voitage +38v =30v
Input Voltage Range *19V +15V
(Note 1)}
Qutout Short Circuit Continuous Continuous
Ouration (Note 2)
Power Dissipation 900 mw 1000 mw
(Notes 3 and 9)
Ti max 150°C 150°C
BiA
Cavity DIP (D) Package 80°C/wW
Caramic DIP (J) Package 70°C/W
Plastic DIP (N) Package 75°C/W
Surface Mount Narrow (M) 100°C/W
Surtace Mount Wide (WM) 85'C/W

DC Electrical Characteristics (note 5

Operating Temperature
RAange
Storage Temperature
Range
Lead Temperature
(Soldenng, 10 sec.)
Soldenng intormation
Dual-in-Line Package
Soldenng (10 seconds)
Small Qutline Package
Vapor Phase (60 seconas)
Infrared (15 seconds)

LF147 LF347B/LF347 ‘

(Note 4) (Note 4) ‘
—65°C<ToA<150°C !
" 260°C 260°C |
280°C ;
|
215°C |

220°C

See AN-450 “Surtace Mountng Methods and Their Effect !
on Proauct Raeliavility’ for otner methoas or soldenng sur-

face mount davices,
ESD rating to be astermineq.

LF147 |  LFare

| !
| LF347 ! Units

]

| |

Symbol | Parameter Conditions |

| i | Min| Typ |MaxiMin| Typ |Maxl Min Typ |Max

Vos | Input Ottset Votage [Rg=10kQ, Ty=25C | ‘ 1 ‘ 5 ‘ 1 5 , 5 |10 mv ‘

| Over Temperature | 8 7 i 13| mv |

Avos/AT’AverngeTCoflnputOﬁsex JHS'W"Q 1 10 [ , ‘ 10 | 10 ‘ i[.LV/'CE

Voltage ! ' Lo |

|

los | Input Ottset Current Tj=25°C, (Notes 5, 6) | ‘ 25 100] |25 |100]| 25 | 100[ pA |
| Over Temparature ! | ta | I | 4| nA

s | Input Sias Current [Tj=25"C.(Notes5,6) | | 50 |200| | 50 |200| ; 50 |200| pA ‘
i | Over Temperature 5 | | 50 | ' 8 | : "8 | nA

| AN | Inout Rearstance IT;=25'C o0 ) Pio12 i | c10t2 ) 1o |

AvoL |Large Signai Voitage Gain |Vg= =15V, To=25°C | 50 | 100 I 50 | 100 5 25§ 100 | |v/my |

i |VYo= =10V, R =2kN | | | [ | |

| | Over Temperature 25 | 25 | | | 15 i i v/mv |

Vi | Output Volitage Swing \Vg= =18V, R =10kl =12( =135 | =12/ =135 |=121=138 | v |
Vem  |input Common-Mode Voitage |, _ 1‘ ‘ -15 = [ ~15! ]_ =15 | v
Range e =M i P I A Y v
CMRR | Common-Mode Retection Ratio| Rg < 10 k1 '80| 100 | jeo| 100! | 701 100 | | a8
PSRA_ | Supply Voltage Rejection Ratio | (Note 7) 80100 | jeol100i [700100] | a8

ls | Supply Current | I 720 T72: 1] t7z2]11] ma [




AC Electrical Characteristics (vote 5)

| | |
| symbol Parameter Conditions t LF147 | L3378 | LE3AT , Units
{Min| Typ | MaxiMin| Typ | Max|Min | Typ |Max|
Amplifier to Amplifier Coupling | Ta=25°C, [-120] | [-120 J -120| a8
f=1Hz—-20 kHz |
(Input Reterred) * i
SR |SlewRate Ve= 15V, Ta=25'C| 8 | 13 s | 13 | 8l 13! | vus
GBW | Gain-Bandwidth Product Vg==15V.Ta=25C| 22| 4 [22]| 4 221 4 | | MHz
an Equivalent Input Noise Voitage ] Ta=125C, Rg=100Q, 20 20 20 | nV/yHz
| 1= 1000 Hz | !
in Equivalent Input Noise Current | T;=25°C, f=1000Hz | | 001 | | 0.01 | 0.01 | pA/HZ
Note 1: Unless otharwise the neg Input voitage 19 equai to the negatve power supply voitage,
Note Z Any of the ampiifier outputs can be snorted to ground indefinitely, however, more than one shouid not ba simultansously shorted as the maximum junction
wil be
Nots 3: For ing at . these must be based on a thermal resistance ot ja.
Note 4: The LF147 is avasiable In the miitary (smperature range —~55°C < Ta < 125°C, wnile the LF3478 and the LF347 are inthe

range *C < T4 £70°C. Junction temperanwe can nse to Tj max = 150°C.

Note &: Uniess omerwise spacified the soecificanons apoty over the full temoerature range and for Vg = =20V for the LF 147 and for Vg = = 15V for the LE3478/
LF347. Vog, Ig, and log are measwed at Yoy =0.

Note 6: The inout bias currents are junction lsakage curents wnich agoroximately couols lor every 10°C increass in the juncuon temoeratura, 7. Cue (o limied
production (est ime, the Nout bias CuTents measwred ars correlated to lunction 1n normal  the junct: @ r1se8 aDove the amoient
laMmperature as a result of internal power wisspaton. Ap. 7= Txr dix P wnere Jia 1S the thermal resistance from junction to amtient. Use of a neat sink Is
recommended if Input bias current 18 10 be keot 10 a mmmum,

Note 7: Sucply voitage rejection rago 1s measurad for both SUCPly MAGNIMUCAS INCTEAKING Of JBCTEASING iMultanecusly in accardance with common practce from
Vg = = 5V to =15V lor the LF347 and LF3478 ana from Vg = =20V to =5V for the LF147,

Note 8: Refer to AETS147X for LF147D and LF147J mitary specriicatons.

Note 9: Max. Power Oissipanon 19 dafined by the g . O g the part near the Max. Power Oissipabon may cause 1he part to operate
outside guaranteed limms.

QLVEAV/LVEAV/Lr VA




LF147/LF347/LF3478

Typical Performance Characteristics

INPUT BIAS CUARENT (ph)

POSITIVE COMMON-MODE
INPUY VOLTAGE LIMIT (V)

NEGATIVE OUIPUT VOLTAGE SWING iv)
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|
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Typical Performance Characteristics (Continusa)
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LF147/LF347/LF347B

Pulse Response r =2kn. ¢ =10pF
Small Signai Inverting

OUTPUT VOLTAGE SWING (50 mV/Div)

TIME (02 u/DIV)
TL/H/5847-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/0DIV)

TIME (2 u/DIV)
‘ TL/H/5847 8

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF147 is an op amp with an intamaily tnmmed input
offset voltage and JFET input devices (BI-FET 1ITM), These
JFETs have iarge reverse breakdown voltages from gate 10
source and drain aliminating the need for clamps across the
inputs, Therelore, large differential input voltages can easily
ba accommodated without a large increass in input currant,
The maximum differential input voltage 13 independent of
tha supply voltages. However, neither of the input voltages

L

Current Limit (R_= 1000)

Small Signal Non-inverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 ,4/01V)
TL/H/5847-5

Large Signai Non-inverting

OUTPUT VOLTAGE SWING {S5V/DLV)

TIME (2 .2/D1V)
TL/H/5647 -7

TIME (8 10/0IV}

TL/H/5847-8

shouid be allowed to exceed the negative supply as this will
cause large currents to flow which can resuit in a destroyed
unit

Exceeding the negative comman-moda limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the outpul. Exceeding the negative
comman-mode limit on both inputs will force the amplifier
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Application Hints (continuea)

outout to a high state. In neither case does a latch occur
since raising the input back within the common-made range
again puts the input stage and thus the amptfier in a normai
operating mode.

Exceeading the positive common-moda limit on a single input
will not change the phase of the ocutput; howsever, if both
inputs exceed the limit. the output of the ampilifier will be
forced to a high state.

The ampilifiers will operate with a common-mode input voit-
age equal to the positive supply; howsever, the gain band-
width and siew rate may be decreased in this condition.
Whan the negative common-mods voltage swings to within
3V of the negative supply, an increasa in input offset voitage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on =4.5V power sup-
plies. Supply voitages less than these may result in lower
gain bandwidth and siew rate.

The LF147 will drive a 2 k2 load resistance to =10V over
the full temperature rangs. If the amolifier is forced to drive
heavier load currents, howsever, an increasae in input offset
voltage may occur on the negative voltage swing and finaily
reach an active current limit on both positive and negative
swings.

Pracautions shoulid be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
lanty or that the umit is not inadvertently instailed back-

Detailed Schematic

wards in a socket as an unlimited current surge through the
resuiting forward diode within the IC could cause fusing of
the internal conductors and resuit in a destroyed unit.

Because these ampiifiers are JFET rather than MOSFET
input op amps thay do not require speciai handling.

As with most amplifiers, care should be taken with lead
dress, component piacement and supply decoupiing in or-
der to ensure stability. For example, resistors trom the out-
put to an input should be placed with the body close 1o the
input to minimize "pick-up” and maximize the Irequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the fasdback around any
amplifler is resistive. The parallel resistance and capac:-
tance from the input of the device (usually the inverting in-
put) to AC ground set the freguency of the pole. In many
instances the frequency of this pole is much greater than
the expectsd 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stabillty margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paratiels
is greater than or equat to the original feedback pole time
constant.
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LF147/LF347/LF347B

Typ'cal App"catlons Digitaily Seiectabie Precision Attenuator
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0 0 0 0 ATTINUATION BALECT IRPUTY TUH/5847-10
0 0 1 -1d8 )
0 1 0 -2dB © Acouracy of better than 0.4% with stancard 1% value resistors
0o 1 1 -3d8 * No offset adjustment necessary
1 0 0 —-4dB * Expandabie 10 any numoer of suges
1 0 1 -5dB ¢ Very high input impecance
1 1 0 —-6dB
1 1 1 —-7dB
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Typical Applications (continued)

Universai State Variabla Fiiter

1081 uF

1
L

s
INPUT O AAA
LOwPASS
=0 qumrur
1on L}
AR r
= b =
tANOPASS
w  outRur
A A A !:
A

NOTCH
aureur

HIGH PASS 1 LF1a7

ouTPyT

For cucutt shown:
to=3 kHZ. fngrey = 9.5 kHz
Q=34
Passoand gary:
Highpass=—0. 1
Sandoass—1
Lowoaas—
Noteh=10
* 1, X Q<200 kMz

* 10V peax snusondal outout swing without siew iimiting 10 200 kHz
* See LM148 aata sheet tor design equatons

TU/MH/5847-12
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LINEAR TYPES uA741M, uA741C

INTEGRATED GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
cl ch ITs BULLETIN NO DLS 11382, NOVEMBER 1970-AEVISED OCTOBER 1979
¢ ShortCircuit Protaction ¢ No Frequency Compensation Required
e Offsst-Voitage Null Capability ® Low Power Consumption
e Large Common-Mode and e No Latch-up
Ditferential Voltage Ranges
description

The uA741 is a genersi-purposs cperational ampilifler festuring offsat-voitage nuil capability.

The high common-moda input voltage rangs and the absance of latch-up make the amplifier idesl for voltage-followar
applications. The devics iv short-circuit pr d and the | | freq ¥ compentation ensures stability without
extrnal componants. A low-value potentiomaeter may be connected batween the offsat null inputs o null cut the offsat
voltage ss shown in Figure 2,

The UA741M is charactarizad for oparation over the full military temperature range of ~55°C to 125°C; the uA741C is
charactarized for operation from 0°C to 70°C.

schematic
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Aesistor values Mawn are namine

terminal assignments
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

sbeolute maximum ratings over opersting free-air temperaturs range (uniess otherwise noted)

uA741M uAZ41C [ UNIT
Suppiy voitage Vocs (see Notas 1) 22 18 v
Supoly voitegs Vg ... (e Note 1) -22 -18 v
Ditferential inout voitage (e Nate 2) +30 :30 v
Input voltsge (wither input, see Notes 1 snd 31 18 115 \
Voltmge between stther offurt nuill tevminal (N1/N2) snd Vg t0.§ t0.6 v
Duration of output thortircwit {see Note 4) untimited | uniimited
Continuous el powsr dimsoation o1 (or belowl 75°C fres-sir remoereture (we Nare 8 500 500 i
Opsrating tree-sir temponsture rengs —68 10 125 010 70. e
Storege temperanin rengs —688 10 1560 | —6510 150| °‘C
Lsad tempersture 1/16 inch (1,8 mm| from cese for 60 seconds | J,4G, U, or W peckage 300 00 | °c
Load temperwture 1/18 Inch (1,8 mm) from cass for 10 seconds | N or P peckage 20 | C

NOTES:

1. AH voitge vaiuss, uniems stherwise NoTed, 8re with rewdest 10 the Midpoint between Ve, and Vg .
DIt

are ot tha ting input

with remnect 10 the inverting input wvminai.

2
3. The magnitude of e Input voitags Must never sxcend the magnitude of the Dy voitage or 16 voits, whichsver s iem.
4. The outout mev be shartad t0 ground or sither power supply, For the uA741M only, the uniimited durstion of te shorteircuir

anpiles at (or below) 125°C case tempereture or 78°C fres-eir temperature.
5. Por operation sbeve 26°C fres-air . reter to O
chins are slley-mountsd; UA741C chips ers glsas-mounted.

electrical charactaristics at specified free-sir temperature, Voc+ = 18V, Voo~ = ~15V

Derating Curves, Section 2. In the J and JG pachages,uA 74 1M

uA741M uA741C
RAMETE TEST CON mt 1
£A A o MIN  TYP MAX [ MIN TYP MAX v
25°C 1 5 \ 8
<1 v
vio Input offert voltage Ag < 10k Foll roven s e m
a'\ho(.g_, Ot voitege sajurt rangy mw'e =18 — P15 v
| | 2B5C 2 200 20 200 A
10 g oy Full mnoe 500 200
[} 1 t bies eu LI x o0 L 50 nA
10 oy rront Full ranes 1500 300
” Common-mode 25°C $12 213 112 13 ] v
ICR inDut voitage renge Full ranes 12 112 |
Ry = 10k | 26°C 24 28 24 28
v Maxtimum pesk-w-pesk Ry > 10 k) | Full renee 24 24 v
ore output voitage swing M =2k | 25°C 20 26 20 26
1 > 2k0 Full rangs 20 20
A Large-ngnal differentisl Ry >2kn, | 25°C 50 200 20 200 —
M voitsge k Ve =210V | Full range = 18 E
[ input resistmes 28°C 0.3 2 03 2 MR
Vo=0vVv,
resittance 7 s 0]
o Output e F. (] -]
C; 1npUt canatitence 28°C 1.4 14 of
25°C 70 90 70 90
Comman-mode rejection retio <10k
CMRA Rg < 10k2 = e 70 70 [ -]
Supply vottage senwitivity 28°C Jo 150 10 160
< - Vv
ksvs tavig/avee) i T 150 50 |”
lm Short-circult oumpuT current PN t25 (L] +26 140 il
No loacd, 25C 1.7 2.8 1.7 2.8
Sugply curren A
lec * No uenel Full rengs 33 12 | m
No iosd, 25°C 50 88 50 8s |
mpetion mw
Po O Nosiensl | Full renes 100 100 |
Tan ore under 4 Full range tor UAT41M ls ~88°C 10 128°C and for uAT41C 10 0°C t0 70°C,

NQOTR 8: Thie typiesl vaiue speiies enly 1 frequansies sbove ¢ few hundred hertz becsuss of the effects of drift end Thermel feasbest.




TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, VCC+ = 1SV, Veg—~ = =15V, Ta = 25°C

uAT4TM uA741C
PARAMETER TEST CONDITIONS UNIT
MM TYP MAX MIN TY®e MAX
ty Risa time Vi=20mV, R =240, [} 03 e
Overshoat factor Cy = 100pF, See Figure 1 5% 5%
Vi=tov, Ry =2k,
SR Slew rate st unity gain Cp = 100 0F, Sew Figure | oS [+X 1 Vius

PARAMETER MEASUREMENT INFORMATION

vi

_?OUWT
wmn(?——-f- il
— = =

INPUT VOLTAGE ™

WAVEFORM |
SAL=2kn
> AL

Cy =100 pF ,-[ :

TEST CIACUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

FIGURE 2~INPUT OFFSET VOLTAGE NULL CIRCUIT




TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

.
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL431M, TL4311, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

02410, JULY 1978-AE VISED OECEMBER 1982

¢ Eguivalent Full-Range Temperature
Coefficient . .. 30 ppm/°C Typ

e Temperature Compensated for Operation Over

Fuil Rated Operating Temperature Range

e Adijustable Output Voitage

description

e  Fast Turn-On Response

e Sink Current Capability ... 1 mA to 10C mA

Low (0.2-2 Typ) Dynamic Qutput Impedance

* Low Output Noise Voltage

The TLA31 w4 o threedprmunai adjustabie reguiator series with guaranieed thermal stabiity aver applicable temperature

ranget. The nuinul voltage may bie s#t 1o any value between Vo lapproximately 2.5 valts) and 36 volts
external resistors (see Figure 16),

will fwo

These devices have a typical dynamic output impedance of 0.2 0. Active cutbut

GITEUILRY provides a very sharp turn-on charactenstic, making these dewices excellent replacements for zener diodes in

many applications,

The TL431M 15 characterized tor aneration over 1he full military temperature range of -55°C to 125°C. The TL4311 s
Characterized lor operation from 40 C10 85°C, and the TLA31C trom 0" C to 70°C.

terminal assignments
TL43IM  JG
DUALIN-LINE PACKAGE

TL431t TL43IC

. LP
SILECT PACKAGE

TL4J1I, TL43YC

3

(TOP VIEW)

CATHODE ]!
NC[]2
NCi]a
a

NC ]

[ Rer

[InC

W oe@

NC

[] ANODE

(TOP VIEW)

CATHMODE
ANQDE
REF

DUAL-IN-UNE PACKAGE TL43T1,TL431C . . D
{TOP VIEW) SMALL OUTLINE PACKAGE
(TOP VIEW)
CATHOOE(]' 1 @[] ReF B
NC(2 1[I NC fans 7 1 5 wwistt
ncja &[] ANODE s50e T (AP
NC(la  sfInC Qe s
——

NC=No internai connection
schematic

s

functional block diagram

REFERENCE (R)

I - ANODE CATHQDE
-w L E LA} 1K)
B S & 2
Comoonent vaiues are nominal, ‘_l‘-
6-1

Texas
INSTRUMENTS



TYPES TL431M, TL431I, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

absolute maximum ratings over operating free-air temperature range (unless otharwisa noted)

Cathode voitage isee Nots 1)
Continuous cathede current range
Reference input current rangs . . .

Continuous power dissipation at {or below} 25°C free-air temperature (see Note 2}: D package

Operating tree-air temperature range: TL431C

. 7v
~100 mA to 150 mA
~50 A to 10 mA

833 mw

JG package 1050 mw
LP package 775 mw
P package 1000 mw
0°Cte 70°C

TLA3MI —40°Cto 85°C
TL43IM . =55°Cta 125°C
Storage temoeraturerange . . . . . . . A B S ~65°C 10 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds: JG package 300°C
Lead temperature 1.8 mm (1/16 inch) from case for 10 seconds: LP. P or D package 260°C
NOTES |V altage vaiues 45 wilh sasact 10 the anone terminal uniet oTNerwise nated,
2. For ooerstion anove 25 C Iree-air temoersture refer 1o the Ossioatian Derating Taole
DISSIPATION DERATING TABLE
PACKAGE POWER DERATING ABOVE
¢ RATING FACTOR Ta
G 1050 MW 8.4 mw/'C BC
L 775 mwW 6.2mws C 2% C
P 1000 mw 80mw/ C 5 C
FRALE dif TEMPERATNE
DuSEIPATION DERATING CURVE
oo A T
g ot - }
fut
am | < - 7
P
S \ | |
- -
: 500 : L1 ' :
. o | \ ' - !
y [ I \-(\ | |
- )00
l ING
L
4 | | N
= 100 T T
p | o
1 50 s 160 1 1%
Ta - Free Au Temosratme - *C
NGuat 1
recommended operating conditions
MIN MAX uNIT
Cathode voltage, VK A . Veet 36 v
Cathode current, i, (lor requiation) t 100 mA

08

Texas
INSTRUMENTS



TYPES TL431M, TL431], TL431C

ADJUSTABLE PRECISION SHUNT REGULATORS
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TYPES TL431M, TL431I, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS
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FIGUAE 1-TEST CIRCUIT FOR Vip = Vgt

PARAMETER MEASUREMENT INFORMATION
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TYPES TL431M, TL431l, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

REFERENCE INPUT VOLTAGE

FREE-AIR TEMPERATURE

vs

TYPICAL CHARACTERISTICS

REFERENCE INPUT CURRENT
vs
FREE-AIR TEMPERATURE
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TYPES TL431M, TL431I, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS
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TYPES TL431M, TL431l, TLA31C
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS
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TYPICAL APPLICATIONS
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TYPES TL431M, TL4311, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL APPLICATIONS
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LINEAR TYPES 0P-07C, OP-07D, OP-07E

INTEGRATED ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS
CIRCUITS 02757 OCTOBER 1983
® Ultra-Low Offset Voitage . . . 30 uV Typ D, 40 OR P DUAL-M-UINE PACKAGE

{OP-Q7E) (TOP VIEW)
® Ultra-Low Offset Voitage Temperature OFFSET N1 [ 8| ] OFFSET N2

Coefflcient . . . 0.3 uV/°C Typ (OP-07E) IN- ]2 1Jvecs

. IN+ 3 s[]our
Ultre-Low Noise vee - [Ja s[InC

® No Extemnal Components Required

NC — No intemal connection
® Replaces Chopper Ampliflars at a Lower

Cost
Single-Chip Monolithic Fabrication Bymos
OFFSET N1
Wide input Voitage Range
O0to =14 V Typ NONINVERTING
INPUT IN+
ouTteuT
® Wide Supply Voitage Range INVERTING
t3Vite =z18V INPUT IN=
® Essentiaily Equivalent to Fuirchild uA714 OFFSET N2
Operational Ampiliflers
® Direct Replacement for PMI OP-07C,
OP-07D, OP-O7E .

dexcription

These davices represant a breakthrough in operational amplilier performance. Low offset and lang-tarm stabiity are
achieved by means of a low-noise, chopperiess, BiPolar-INBUL-transistor amplitier creuit. For most applications, no
external components are required for offset nulling and fraquancy compensation. Tha true ditferentisi input, with a
wide input voltage range and outstanding common-moda rej)ection, provides maximum flexibulity and perigrmance
in high-noise environments and in nonnvarting applications. Low bias currents and extremely high input iImpegances
are maintained over the entire temperature range. The OP-07 is unsurpassed for low-noise, high-accuracy amoiification
of very-low-level signais.

These devices are characterized for operstion from 0°C to 70°C.
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TYPES 0P-07C, OP-070, OP-07E
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS

absolute maximum ratings over opsrating free-air temparature range (uniess otherwise noted)

NOTES:

Supply voitage VCC + (see Note 1)

Supply voitage VCC -

Ditterenuai input voltage (ses Note 2)

Input voitage (either input. see Note 3} .

Duration of output short circuit {ses Note 4}

Continuous total dissipation at (or below) 25°C free-aw (ampeu(ure isae Note Si
Operaung tree-air tamperature range .

Storage temparature range .
Lead temperature 1.6 mm (1/16 inchi 1rom case for 60 seconds JG packngo
Lead temperature 1,6 mm (1/16 inch} from case for 10 seconds: P package .

AH voitage velues, UNiaes gtherwise noted, &ce with respect 0 the midooint batween Veg . and Veg -
. Ot itages are at the 9 INDUL LONMINA! WITth (eEDECE 10 the INverting INput terminal.

. The outbut may de ahorted (0 ground or §Ither pOwWer supoly

2V

-2V

=30V

z22V

unhmited

500 mwW

0°C to 70°C
-65°C to 150°C
300°C

260°C

1
2
3. The magmtude of the inout voitsge must never exceed the magmtude of the suoply voltege of 15 voits, winwchaver 16 less.
4
5

For operation apove 25 °C Ires~av tempaerature. refer to Oissipation Oersting Curves in Seation 2. In the JG pachage, these crips sre giass-mounted.
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TYPES 0P-07C, OP-07D, OP-07E

ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS
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TYPES OP-07C, OP-070, OP-07E
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Vcg = = =15 V {uniess otherwise noted)

op.7C | oP.70 | oP-7€
PARAMETER TEST CONDITIONS ' umT
MIN _ TYP  MAX | MIN  TYP  MAX | MIN  TYP MAX
o 10 He 135 20 ‘0§ 0 | 101 18
Equivaient inpul
Vo Ta 2 25°C |t 2 100 Hx 102 115§ 103 13§ 10 13 | avi At
| noise voitage
| R 38 11§ 38 115 386 v
Paan 10 nean
t <01 Hito 10K
Vaypp  equivalent input . 8l 018 085 Q38 o086s 018 08 v
NoI1se voitage o
110 My a3s 09 0315 99 232 98
Equivaient input -
Iy Ta =259 |1 - 100 He 015 027 Q.15 027 014 023 | parn iz
noise current
T 0131 018 013 918 | 212 o7
Pesn-to pesn
| went nput ASIGHERSORIO HE s 38 15 1 14 30 | oa
4quIv!
DL T « 25°C
noIse current
SR Slew rate Rz 240, Ty » 25°C a1 03 01 03 01 01 Vius
*ail are under o] with ¢ero 1NDUL vaItage uniess otherwiss soeciiied
TYPICAL APPLICATION DATA
Wkn
Vees
N1
N2
IN . vees
QuTPUT
[N~ —
vVee-
FIGURE 1-INPUT OFFSET VOLTAGE NULL CIRCUIT
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TIP 32 Series

PNP POWER TRANSISTORS ———

COMPLEMENTARY TO THE TIP31 SERIES -3 AMP, 40 WATTS

The TIP32 Series power transistors are designed for use in
general purpose amplifier and switching applications.

Features:
* Designed for complementary use with TIP31 series
N =
® 40W at 25°C case temperature CASE STYLE LE 70-22048
® 3A continuous collector current DHAMNGIONS ARS e
® 5A peak collector current rmﬂ | "fﬁ"—?‘—m
e Minimum fT of 3 MHz at 10V, 0.5A T mspl B
* Customer-specified selections available / '1 f Thegnend
1431 + A
1A, ofa. | ‘ 'mﬁl JI0U6. 00
- i
i 3‘3-!' i
TERM 1 R0 12, NN
TEAWZ Em'ﬁ
TEAMI,
210,84 o oipan —u L enay
b |T-__< an = R Hiin
B— — T TRW
TYet [ TERM v | TEMM T TER 3 AR

TO-r20-AD | BASE COLLECTON | BWTTER | COuLECTOM

maximum ratings (T = 25°C) (unless otherwise noted)

RATING SYMBOL |  TIP32 TIP32A TIP32B TiP32C UNITS
Collector-Emitter Voitage Veeo -40 -60 -80 -100 Volts
Collector-8ase Voitage Veao -80 -100 -120 -140 Volts
Emitter Base Voitage VEBO -5 -5 -5 -5 Volits
Collector Current — Continuous I -3 -3 -3 -3 A

Peak Iem -5 -5 -5 -5
Base Current — Continuous Ia -1 -1 -1 -1 A
Total Power Dissipation @ T = 25°C Pp 2 2 2 2 Watts
@ T =25°C 40 40 40 40
Operating and Storage
Junction Temperature Range Ts TsTg | -65t0 +150 | -65to +150 | -6510 +150 | =65 to +150 °C
thermal characteristics
Thermal Resistance, Junction to Case Rauc 3.125 3.125 3.125 3.125 °C/wW
Maximum Lead Temparature for Soldering
Purposes: 4" from Case for 5 Seconds T 250 250 250 250 *C

783




electrical characteristics (Tg = 25° C) (unless otherwise specified)

[ CHARACTERISTIC | SYMBOL | MIN | TYP | MAX | UNIT |
off characteristics
Collector-Emitter Breakdown Voitage TIP32 VCEO -40 - - Volts
(Ig = -30mA) TIP32A -60 - -
TIP328 -80 - —
TIP32C -100 - -
Collector Cutoff Current Iceo
(Voe = -30V) TIP32, TIP32A - - 0.3 mA
(VGE = -60V) TIP328, TIP32C - - 0.3
Coilector Cutot Current Ices
(Vg = -80V) TIP32 - - 0.2 mA
(Veg = -100V) TIP32A - - 0.2
(VGE = -120V) TIP328 - - 0.2
(Veg = -140V) TIP32C - - 0.2
Emitter Cutoff Current
{Veg = -5V, Ig = 0) leBo = = =1 mA
second breakdown
|_Second Breakdown with Base Forward Biased | FBSOA | SEE FIGURE 3 |
on characteristics
DC Current Gain heg
(Ic = ~4A, Vog = -1V) 25 - - -
(Ic 2 -3A, Vog = 4V) 10 - 50
Collector-Emitter Saturation Voitage \/
(I = -3A, Ig = ~375mA) . Cltoan) Il _ - 1.2 v
Base-Emitter Voitage Vee
(Ig= -3A. VoE = ~4V) om il _ = 1.8 v
switching characteristics
Turn-on Time R =300, Ic= 1A ton | - 03 | —= us
g1 = lg2 = 0.1A
Tum-oft Time Vgg(oth = 4.3V loft | - 1 I _
1Y
;@ MONITOR
oUTRUT
Bl MOMITOR
et Regy=30 ,w":: b 1 TN ——
1
_ owron, | __K_,,_;;”’(—

e o

Ll T
wa (1 TR T
il
LA
70 of

NOTES: A, Vognis 8 30-V puine meo s 50Q termmnenon,
B Thev, wavelerm 1o auseind by 0w leliowng chasactansees; Lt € 15na. (1€ 18n8,Zgyy a 500,14y = 204,

uty evein € 2%.

C. L]

0. Ressstors miss ba nannaucsive rypea.

wwah che |

L&t

L The ¢ pewer

AGURE 1.
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STATIC FORWARD CURRENT TRANSFER RATIO
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FIGURE 2. TYPICAL CHARACTERISTICS
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LINEAR
INTEGRATED CIRCUITS

SERIES uA7800

POSITIVE-VOLTAGE REGULATORS

® 3Terminal Reguiators

* Output Current up to 1.5 A

® No Ex:amal Components

¢ Internal Thermat Overioad Protection

® Direct Raplacements for Fairchild uA7800

Series and National LM340 Series
¢ High Power Dissipation Capability
¢ Internal Short-Circuit Current Limiting
® Qutput Transistor Safe-Area Compensation

BULLETIN NO, DL-S 7812388, MAY 1978
DRt MRS AL

description

This saries of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide ranga
of applications. These applications include on-card
regulation for elimination of noise and distribution
problems associated with single-point regulation. One
of these regulators can deliver up to 1.5 amperes of
output current. The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voitage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and.-also as the power-
pass element in precision regulators.

schematic

-65°C 1
NOMINAL TO 150°C 0°C TO 125°C
iy T OPERATING OPERATING
VOLTAGE TEMPERATURE TEMPERATURE
RANGE RANGE
5V uA7805M uA7805C
8V uA7808M uA7808C
8v uA7808M uA7808C
a5V uA7885M uA7885C
12v uA7812M uA7812C
15V uA7815M uA7815C
18V uA7818M uA7818C
24 Vv uA7824M uA7824C
packages KA KA snd KC
KA PACKAGE KC PACKAGE
(TOP VEIW (TOP VIEW)
ouTruT
O COMMON
Ut
T0-3 TO-220A8
i (¢co

" e s = ‘En-
®
] r
e X il
— 1 Lt
3 r " - [+
I 3 .
i
e " -
- L1

b .n.x "

(&1

Aesistor values shown are nomineil and Iin ohms,




SERIES uA7800
POSITIVE-VOLTAGE REGULATORS

absolute maximum ratings over operating temperature range (unless otherwise noted)

uA78__M uA78__C | UNIT
P iaiToge uA7824M, uA7824C 40 40 v
All others 35 35
) ——— KA (TO-3) package 35+ 3.5
Continuous total dissipation at 25°C free-mr temperature (see Note 1) KC IT0-220AB] packege 2
Cantinuous total dissipation at (or belowl 25°C case temoeraturs (see Nota 1/ 15 15
Operating free-air, case, or virtuel junction tamperature range ~55 to 150 0 to 150 (S
Starage temperature range —~65t0 150 | —66t0 150 | °C
Lead temoerature 1/16 inch from case for B0 seconds KA (TO-3) package 300 300 °C
Lead termoorature 1/16 inch from case for 10 seconds KC (TO-220A8) packege 260 5CI

NOTE 1: For operation above 25°C Iree-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2,

TO-3 AND TO-220AB FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES
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TO-3 AND T0-220AB CASE TEMPERATURE
DISSIPATION DERATING CURVE
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KC (T0-220AB) packaw Derating factor = 0.25 W/°C \
[ Derating factor = 16 mw/°C <3 2 above 90°C
Rpya =62.5°C/W o LRouc™ =4°C/w
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FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX | UNIT
uA7805M, uA7805C 7 25 |
uATBOSM, uAT7806C 8 25
UA7B08M, uA7808C 10.5 28
uA 7885M. uA 7885C 10.5 28
I v
neutvaltag. V) UA7812M, JA7812C 14.5 30
uA7815M, uA7815C 17.5 30
uA7818M, uA7818C 21 a3
uA7824M, uA7824C 27 a8
Quiput current, g 1.8 A
Qpsraung virtual junction te T ZATEUIN thiv YATRIAM = L] ‘c
P o UATB06C thru uA7824C 0 128




TYPES uA7805M, uA7805C
POSITIVE-VOLTAGE REGULATORS

uA7808M, uA7805C electrical characteristics at specified virtual junction temperature,

V| =10V, {g = 500 mA (unless otherwise noted)

A7806M uA7808C
PAR TEST CONDITIONS' = uAz NIT
ARAMETER s o MIN_TYP MAX | MIN TYP MAX | °
25°C 4.8 5§ 52| 48 5 52
Qutput voltage lo=5mAt1A, |V)=8V1to20V | —B6°C10150°C| 4.65 5.35 v
P<15W Vi=7Vtio20V 0°C t0 125°C 4.76 5.26
Vi=7Vto25V R 50 3100
) I 25°C v
NENEIE V=8Vt 12V 1 25 T 50| "
—56°C to 150°C | 68 78
Ripple rejecti Vi=8Vto 18V, f=120H =
ppie rejection 1= to 18 ] °Cto 125°C 2 78 dB8
Io=5mAto 1.5A R 15 50 15 100
Out lation 25°C v
BEiE rg To = 250 mA to 750 mA 5 2% 5 50| "
i——— — -56°C to 160°C 0.017 Q
n -
e 0°C t0 125°C 0017
Temperature coetficient 0°C to 150°C -1.1
Ig=5mA vre
of output voitsge o==m 0°C to 125°C -1.1 m
Output noiss voitage f =10 Mz to0 100 kHz 25°C 40 40 uv
Oropout voitage lg=1A 28°C 20 2.0 v
Bias currant 25°C 4.2 8 4.2 8 | mA
Vi=8Vito25V —55°C t0 150°C 0.8
o - Vi=T7Vto25V 0°C to 125°C 1.3 "
o i = —— —§6°C t0 160°C 05 m
0 0°Cto125C 05
Shortcircuit 250 750 750 mA
output current
Pesk output current 25°C 22 22 A

TAll characteristics ars measured with & capacitor scross the input of 0.33 uF and a capacitor scross the output of 0.1 uF end all charseteristics
excapt noise voitage and ripple rejection ratio are messured using puise teehniques {ty € 10 ms, duty cyctes € 3%). Output voitage chenges
due to changes in internal temperature must be wken into sccount mpsratwmly.






