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ICFABRICATIONANDCIRCUITCONFIGURATION FORLINEARICs

IntegratedCircuits

An integrated circuit (IC) is a miniature, low cost electronic circuit consisting of active and
passive components fabricated together on a single crystal of silicon. The active components are
transistors and diodes and passive components are resistors and capacitors.

.Advantagesofintegrated circuits:

Miniaturizationandhenceincreasedequipmentdensity. 

Cost reduction due to batch processing.

Increasedsystemreliabilityduetotheeliminationofsolderedjoints. 
Improved functional performance.

Matched 

devices.Increasedoperating

speeds.
Reductioninpowerconsumption

Classification:

Integrated circuits can be classified into analog, digital and mixed signal (bothanalog and digitalon

the same chip). Based upon above requirement two different IC technology namely Monolithic

TechnologyandHybridTechnologyhave beendeveloped.InmonolithicIC,allcircuitcomponents

,both active and passive elements and their interconnections are manufactured into or on top of a

single  chip  of  silicon.  In  hybrid  circuits,  separate  component  parts  are  attached  to  a  ceramic

substrate and interconnected by means of either metallization pattern or wire bounds.

Digital  integrated  circuits  can  contain  anything  from  one  to  millions  of  logic  gates,  flip  -  

flops,  multiplexers,  and other circuits in a few square millimeters. The small size of these circuits

allows high speed, low power dissipation, and reduced manufacturing cost compared with board-

level
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integration. These digital ICs, typically  microprocessors,  DSPs,  and micro controllers work using
binary mathematics to process "one" and "zero" signals.

Analog ICs,  such as  sensors,  power management  circuits,  and  operational  amplifiers, work  by

processing  continuous  signals.  They  perform  functions  like  amplification,  active  

filtering,demodulation,  mixing,  etc.  Analog  ICs  ease  the  burden on  circuit  designers  by  having

expertlydesigned  analog  circuits  available  instead  of  designing  a  difficult  analog  circuit  from

scratch.

ICs can  also  combine  analog and digital  circuits  on  a  single  chip  to  create  functions  such as

A/D  converters  a  nd  D/A converters.  Such  circuits  offer  smaller  size  and  lower  cost,  but  must

carefully account for signal interference

ClassificationofICs:

IntegratedCircuits

Monolithic Circuits HybridCircuits

Bipolar Unipolar

p-n junction Dielectric MOSFET JFET

Isolation Isolation
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Generations

SSI,MSIandLSI
The first integrated circuits contained only a few transistors. Called "Small-Scale Integration"(SSI),

digital circuits containing transistors numbering in the tens provided a few logic gates for example,

while  early  linear  ICs  such  as  the  Plessey  SL201  or  the  Philips  TAA320  had  as  few  astwo

transistors. The term Large Scale Integration was first used by IBM scientist Rolf Landauer when

describingthe theoretical concept, from there came the terms for SSI, MSI, VLSI, and ULSI. They

began  to  appear  in  consumer  products  at  the  turn  of  the  decade,  a  typical  application  being

FMinter-carrier sound processing in televisionreceivers.

Thenext step in the development of integrated circuits, taken in the late 1960s, introduced devices 

which contained hundreds of transistors on each chip, called "Medium-Scale Integration" (MSI). 

TheywereattractiveeconomicallybecausewhiletheycostlittlemoretoproducethanSSIdevices, they 

allowed more complex systems to be produced using smaller circuit boards, less assembly work 

(because of fewer separate components), and a number of other advantages.

VLSI
Thefinal stepin the development process, starting in the1980s and continuingthrough the present,
was "very large-scale integration" (VLSI).The development started with hundreds of thousands of
transistors in the early 1980s, and continues beyond several billion transistors as of 2007.

In 1986 the first one megabit RAM chips were introduced, which contained more than one million
transistors.  Microprocessor  chips  passed  the  million  transistor  mark  in  1989  and  the  billion
transistor mark in 2005

ULSI,WSI,SOCand 3D-IC

Toreflectfurthergrowthofthecomplexity,thetermULSIthatstandsfor"Ultra-LargeScale
Integration" was proposed for chips of complexity of more than 1 million transistors.

Wafer-scale integration (WSI) is a system of building very-large integrated circuits that uses an

entire silicon wafer to produce a single "super-chip". Through a combination of large size and

reduced packaging, WSI could lead to dramatically reduced costs for some systems, notably
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massivelyparallel supercomputers. The name is taken from the term Very-Large-Scale Integration,
the current state of the art when WSI was being developed.

System-on-a-Chip (SoCor SOC) is an integrated circuit in which all the components needed for a
computer or other system are included on a single chip. The design of such a device can becomplex
and costly, and building disparate components on a single piece of silicon may compromise the
efficiency of some elements.

However, these drawbacks are offset by lower manufacturing and assembly costs and by a greatly

reduced power budget: because signals among the components are kept on-die, much less power is

require. Three Dimensional Integrated Circuit (3D-IC) has two or more layers of active electronic

components that are integrated both vertically and horizontally into a single circuit.Communication

between layersuses on-diesignaling, so power consumption is muchlowerthanin equivalent separate

circuits. Judicious use of short vertical wires can substantially reduce overall wire length for faster

operation.
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Constructionof aMonolithicBipolarTransistor:

Thefabrication ofamonolithictransistor includesthefollowingsteps.

1. Epitaxialgrowth

2. Oxidation

3. Photolithography

4. Isolationdiffusion

5. Basediffusion

6. Emitterdiffusion

7. Contactmask

8. Aluminium metallization

9. Passivation

ThelettersPandNinthefiguresrefertotypeofdoping,and  aminus(-)orplus(+)withPandN  indicates
lighter or heavier doping respectively.

1. Epitaxial growth:
The first step in transistor fabrication is creation of the collector region. We normallyrequire

a low resistivity path for the collector current. This is due to the fact that, the collector contact is
normallytaken at thetop, thusincreasingthecollectorseries resistanceand theVCE(Sat)of the device.

The higher collector resistance is reduced by a process called buried layer as shown in figure. In
this arrangement, a heavilydoped ‗N‘ region is sandwiched between theN-type epitaxial layer and

P – type substrate. This buried N+ layer provides a low resistance path in the active collector



regiontothecollectorcontactC.Ineffect,theburiedlayerprovidesalowresistanceshuntpathfor  the  flow
of current.

For  fabricating  an  NPN  transistor,  we  begin  with  a  P-type  silicon  substrate  having  a

resistivity  of  typically  1Ω-cm,  corresponding  to  an  acceptor  ion  concentration  of  1.4  *  1015

atoms/cm3  .Anoxidemaskwiththenecessarypatternforburiedlayerdiffusionisprepared.  Thisis
followed by masking and etching the oxide in the buried layer mask.

The N-type buried layer is now diffused into the substrate. A slow-diffusing material such
as arsenic or antimony us used, so that the buried layer will stay-put during subsequent diffusions.
The junction depth is typically a few microns, with sheet resistivity of around 20Ω per square.

Then, an epitaxial  layer of lightly doped N-silicon is  grown on the P-type substrate by

placing the wafer in the furnace at 12000  C and introducing a gas containing phosphorus (donor
impurity). The resulting structure is shown in figure.

The  subsequent  diffusions  are  done  in  this  epitaxial  layer.  All  active  and  passive
components  are  formed  on  the  thin  N-layer  epitaxial  layer  grown  over  the  P-type  substrate.
Obtaining an epitaxial layer of the proper thickness and doping with high crystal quality is perhaps
the most formidable challenge in bipolar device processing.

2. Oxidation:

Asshowninfigure,athinlayerofsilicondioxide(SiO2)isgrownovertheN-typelayerby exposing the 

silicon wafer to an oxygen atmosphere at about 10000 C.
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3. Photolithography:

The prime use of photolithography in IC manufacturing is to selectively etch or remove the
SiO2layer. As shown in figure, the surface of the oxide is first covered with a thin uniform layer of
photosensitive emulsion (Photo resist). The mask, a black and white negative of the requiedpattern,
is  placed  over  the  structure.  When  exposed  to  ultraviolet  light,  the  photo  resist  under  the
transparent region of the mask becomes poly-merized. The mask is then removed and the wafer is
treated chemically that removes the unexposed portions of the photoresist film. The polymerized
region is cured so that it  becomes resistant to corrosion. Then the chip is dipped in an etching
solution of hydrofluoric acid which removes the oxide layer not  protected by the polymerized
photoresist. This creates openings in the SiO2layer through which P-type or N-type impurities can
be diffused using the isolation diffusion process as shown in figure. After diffusion of impurities,
the polymerized photoresist is removed with sulphuric acid and by a mechanical abrasion process.

4. Isolation Diffusion:
Theintegratedcircuitcontainsmanydevices.Sinceanumberofdevicesaretobefabricated  on  the

same IC chip, it becomes necessary to provide good isolation between various components and

their interconnections.

Themostimportanttechniquesforisolation are:

1. PNjunctionIsolation

2. Dielectric Isolation

In PN junction isolation technique, the P+ type impurities areselectivelydiffused into the N-type
epitaxiallayersothatittouchestheP-typesubstrateatthebottom.ThismethodgeneratedN-type isolation
regions surrounded by P-type moats. If the P-substrate is held at the most negative
potential,thediodeswill becomereverse-biased,thusprovidingisolationbetweentheseislands.



Theindividualcomponentsarefabricatedinsidetheseislands.Thismethodisveryeconomical, and is the

most commonly used isolation method for general purpose integrated circuits.

In dielectric isolation method, a layer of solid dielectric such as silicon dioxide or ruby surrounds 

eachcomponentandthisdielectricprovidesisolation.Theisolationisbothphysicalandelectrical. This 

method is very expensive due to additional processing steps needed and this is mostly used for 

fabricating IC‘s required for special application in military and aerospace.

The PN junction isolation diffusion method is shown in figure. The process take place in a furnace
using boron source. The diffusion depth must be atleast equal to the epitaxial thickness in order to
obtain  complete  isolation.  Poor  isolation  results  in  device  failures  as  all  transistors  might  get
shorted  together.  The  N-type  island  shown  in  figure  forms  the  collector  region  of  the  NPN

transistor.TheheavilydopedP-typeregionsmarkedP+aretheisolationregionsfortheactiveand

passivecomponents thatwill beformed inthe variousN-typeislandsof the epitaxial layer.
5 Basediffusion:
Formation of the base is a critical step in the construction of a bipolar transistor. The base must be
aligned, so that, during diffusion, it does not come into contact with either the isolation region or
the buried layer. Frequently, the base diffusion step is also used in parallel to fabricate diffused
resistors for the circuit. The value of these resistors depends on the diffusion conditions and the
widthoftheopeningmadeduringetching.Thebasewidthinfluencesthetransistorparametersvery
strongly. Therefore, the base junction depth and resistivity must be tightly controlled. The base
sheet resistivity should be fairly high (200- 500Ω per square) so that  the base does not  inject
carriers into the emitter. For NPN transistor, the base is diffused in a furnace using a boron source.

Thediffusionprocessisdoneintwosteps,predepositionofdopantsat9000Canddrivingthemin

atabout12000C.Thedrive-inisdoneinanoxidizingambience,sothatoxideisgrownoverthe

base region for subsequent fabrication steps. Figure shows that P-type base region of the transistor
diffused  in  the  N-type  island (collector  region)  using  photolithography and isolation  diffusion
processes.

6. EmitterDiffusion:
Emitter Diffusion is the final step in the fabrication of the transistor. The emitter opening must lie
wholly within the base. Emitter masking not only opens windows for the emitter, but also for the
contact point, which provides a low resistivity ohmic contact path for the emitter terminal.



The emitter diffusion is normally a heavy N-type diffusion, producing low-resistivity layer

that can inject charge easily into the base. A Phosphorus source is commonly used so that the

diffusion time id shortened and the previous layers do not diffuse further. The emitter is diffused

into the base, so that the emitter junction depth very closely approaches the base junction depth.The

active base is then a P-region between these two junctions which can be made very narrow by

adjusting the emitter diffusion time. Various diffusion and drive in cycles can be used to fabricate

the emitter. The Resistivity of the emitter is usually not too critical.

TheN-typeemitter region ofthe transistordiffused into theP-typebase region is shown below.

However,thisisnotneededtofabricatearesistorwheretheresistivityoftheP-typebaseregion  itself

will  serve  the  purpose.  In  this  way,  an  NPN  transistor  and  a  resistor  are  fabricated

simultaneously.

7. Contact Mask:
After the fabrication of emitter, windows are etched into the N-type regions where contacts are

to be made for  collector and emitter  terminals.  Heavily concentrated phosphorus N+  dopant  is
diffused into these regions simultaneously.

The reasons for the use of heavy N+ diffusion is explained as follows: Aluminium, being a
good conductorused for interconnection, is aP-typeofimpuritywhen used with silicon.Therefore, it
can produce an unwanted diode or rectifying contact with the lightly doped N-material. Introducing

a high concentration of N+ dopant caused the Si lattice at the surface semi-metallic. Thus the N+

layer makes a very good ohmic contact with the Aluminium layer. This is done bythe oxidation,
photolithography and isolation diffusion processes.

8. Metallization:
The IC chip is now complete with the active and passive devices, and the metal leads are to

be formed for making connections with the terminals of the devices. Aluminium is deposited over

the entire wafer by vacuum deposition. The thickness for single layer metal is 1μ m. Metallization

is carried out by evaporating aluminium over the entire surface and then selectively etching away

aluminium to leave behind the desired interconnection and bonding pads as shown in figure.

Metallization  is  done  for  making  interconnection  between  the  various  components

fabricated in an IC and providing bonding pads around the circumference of the IC chip for later

connection of wires



.

9. Passivation/AssemblyandPackaging:
Metallization is  followed by passivation,  in  which an insulating and protective layer  is

deposited over the whole device. This protects it against mechanical and chemical damage during

subsequent  processing  steps.  Doped  or  undoped  silicon  oxide  or  silicon  nitride,  or  some

combination  of  them,  are  usually  chosen  for  passivation  of  layers.  The  layer  is  deposited  by

chemical  vapour  deposition  (CVD)  technique  at  a  temperature  low  enough  not  to  harm  the

metallization.

TransistorFabrication:

PNP   Transistor:      

TheintegratedPNPtransistorsarefabricatedinone ofthe followingthreestructures.

1. SubstrateorVerticalPNP

2. LateralorhorizontalPNPand

3. TriplediffusedPNP
Substrate or Vertical PNP:

The P-substrate of the IC is used as the collector, the N-epitaxial layer is used as the base
and the next P-diffusion is used as the emitter region of the PNP transistor. The structure of a
vertical  monolithic PNP transistor Q1is shown in figure. The base region of an NPN transistor
structure is formed in parallel with the emitter region of the PNP transistor.

Themethodoffabricationhasthedisadvantageofhavingitscollectorheldatafixed negative 
potential. This is due to the fact that the P-substrate of the IC is always held at a negative potential 
normally for providing good isolation between the circuit components and the substrate. Triple 
diffused PNP:

This type of PNP transistor is formed by including an additional diffusion process over the
standard  NPN transistor  processing  steps.  This  is  called  a  triple  diffusion  process,  because  it
involves an additional diffusion of P-region in the second N-diffusion region of a NPN transistor.
The structure of the triple diffused monolithic PNP transistor Q2is also shown in the below figure.



Thishasthelimitationsofrequiringadditionalfabricationstepsandsophisticatedfabrication assemblies.

1.1.10LateralorHorizontal   PNP:      

This is the most commonlyused form of integrated PNP transistor fabrication method. This

has the advantage that it can be fabricated simultaneously with the processing steps of an NPN

transistor  and  therefore  it  requires  as  the  base  of  the  PNP transistor.  During  the  P-type  base

diffusion process of NPN transistor, two parallel P-regions are formed which make the emitter and

collector regions of the horizontal PNP transistor.

ComparisonofmonolithicNPNandPNP transistor:

Normally,the NPNtransistorispreferredinmonolithiccircuitsduetothefollowingreasons:

1. TheverticalPNP transistormusthavehiscollector heldatafixednegativevoltage.

2. The lateral PNP transistor has very wide base region and has the limitation due to the lateral

diffusion of P-type impurities into the N-type base region. This makes the photographic mask

making, alignment and etching processes very difficult. This reduces the current gain of lateralPNP

transistors as low as 1.5 to 30 as against 50 to 300 for a monolithic NPN transistor.

3. The collector region is formed prior to the formation of base and emitter diffusion. During the
later diffusion steps, the collector impurities diffuse on either side of the defined collector junction.
Since the N-type impurities have smaller diffusion constant compared to P-type impurities the N-



type collector performs better than the P-type collector. This makes the NPN transistor preferable
for monolithic fabrication due to the easier process control.

Transistorwithmultipleemitters:Theapplicationssuchastransistor-transistorlogic(TTL)require
multiple emitters. The below figure shows the circuit sectional view of three N-emitter regions
diffused in three places inside the P-type base. This arrangement saves the chip area and enhances
the component density of the IC.

   SchottkyBarrier  Diode:      



The metal contacts are required to be ohmic and no PN junctions to be formed between the

metalandsiliconlayers.TheN+diffusionregionservesthepurposeofgeneratingohmiccontacts.

On  the  other  hand,  if  aluminium  is  deposited  directly  on  the  N-type  silicon,  then  a  metal
semiconductor diode can be said to be formed. Such a metal semiconductor diode junction exhibits
the same type of V-I Characteristics as that of an ordinary PN junction.

The cross sectional view and symbol of a Schottky barrier diode as shown in figure.Contact

1 shown in figure is a Schottky barrier and the contact 2 is an ohmic contact. The contact potential

between the semiconductor and the metal generated a barrier for the flow of conducting electrons

from semiconductor to metal. When the junction is forward biased this barrier is lowered and the

electron flow is allowed from semiconductor to metal, where the electrons are in large quantities.

The minority carriers carry the conduction current in the Schottky diode whereas in the PN

junction diode, minority carriers carry the conduction current and it  incurs an appreciable time

delay from ON state to OFF state. This is due to the fact that the minority carriers stored in the

junction  have  to  be  totally  removed.  This  characteristic  puts  the  Schottky  barrier  diode  at  an

advantage since it exhibits negligible time to flow the electron from N-type silicon into aluminum

almost right at the contact surface, where they mix with the free electrons. The other advantage of

thisdiodeisthatithaslessforwardvoltage(approximately0.4V).Thus  it  canbeused  forclamping  and

detection in high frequency applications and microwave integrated circuits.

1.1.12Schottkytransistor:



The cross-sectional view of a transistor employing a Schottky barrier diode clamped 

betweenitsbaseandcollectorregionsisshowninfigure.Theequivalentcircuitandthesymbolic 

representation of the Schottky transistor are shown in figure. The Schottky diode is formed by 

allowing aluminium metallization for the base lead which makes contact with the N-type 

collector region also as shown in figure.

Whenthebasecurrentisincreasedtosaturatethetransistor,thevoltageatthecollectorC reduces 

and this makes the diode Ds conduct. The base to collector voltage reduces to 0.4V, 

whichislessthecut-in-voltageofasiliconbase-collectorjunction.Therefore,thetransistordoes not get 

saturated.

Monolithicdiodes:

The diode used in integrated circuits are made using transistor structures in one of the five possible
connections. The three most popular structures are shown in figure. The diode is obtained from a
transistor structure using one of the following structures.

1. Theemitter-basediode,withcollector short circuitedto thebase.

2. Theemitter-basediodewiththecollectoropenand

3. Thecollector –basediode,with theemitter open-circuited.

The choice of the diode structure depends on the performance and application desired. Collector-

base diodes have higher collector-base arrays breaking rating, and they are suitable for common-

cathode diode arrays diffused within a single isolation island. The emitter-base diffusion is very

popular for the fabrication of diodes, provided the reverse-voltage requirement of the circuit does

not exceed the lower base-emitter breakdown voltage.



IntegratedResistors:

A resistor in a monolithic integrated circuit is obtained by utilizing thebulk resistivity ofthe
diffused volume of semiconductor region. The commonly used methods for fabricating integrated
resistors are 1. Diffused 2. epitaxial 3. Pinched and 4. Thin film techniques.

DiffusedResistor:
The diffused resistor is formed in any one of the isolated regions of epitaxial layer during

baseor emitter diffusion processes. This type of resistorfabrication is veryeconomical as it runsin

parallel to the bipolar transistor fabrication. The N-type emitter diffusion and P-type base diffusion

are commonly used to realize the monolithic resistor.

The diffused resistor has a severe limitation in that,  only small  valued resistors can be

fabricated.  The  surface  geometry  such  as  the  length,  width  and  the  diffused  impurity  profile

determine the resistance value. The commonly used parameter for defining this resistance is called

the sheet resistance. It is defined as the resistance in ohms/square offered by the diffused area.

Inthemonolithicresistor,theresistancevalueisexpressedby R = 
Rs1/w where R= resistance offered (in ohms)
Rs=sheetresistanceoftheparticularfabricationprocessinvolved(inohms/square)



l=lengthofthediffusedareaand  w
= width of the diffused area.

The sheet resistance of the base and emitter  diffusion in 200Ω/Square and 2.2Ω/square

respectively.  For example,  an emitter-diffused strip of 2mil  wide and 20 mil long will  offer a

resistance of 22Ω. For higher values of resistance, the diffusion region can be formed in a zig-zag

fashion resulting in larger effective length. The poly silicon layer can also be used for resistor

realization.

       Epitaxial   Resistor:      

The N-epitaxial layer can be used for realizing large resistance values. The figure shows the cross-

sectional view of the epitaxial resistor formed in the epitaxial layer between the two N+ aluminium
metal contacts.

    Pinched   resistor:      

The sheet resistance offered by the diffusion regions can be increased by narrowing down
its cross-sectional area. This type of resistance is normally achieved in the base region. Figure
shows a pinched base diffused resistor. It can offer resistance of the order of mega ohms in a
comparatively smaller area. In the structure shown, no current can flow in the N-type material



since  the  diode  realized  at  contact  2  is  biased  in  reversed  direction.  Only  very  small  reverse
saturation  current  can  flow  in  conduction  path  for  the  current  has  been  reduced  or  pinched.
Therefore, the resistance between the contact 1 and 2 increases as the width narrows down and
hence it acts as a pinched resistor.

    Thinfilm  resistor:      

The  thin  film  deposition  technique  can  also  be  used  for  the  fabrication  of  monolithic

resistors. A very thin metallic film of thickness less than 1μm is deposited on the silicon dioxide

layer by vapour deposition techniques. Normally, Nichrome (NiCr) is used for this process.Desired

geometry is achieved using masked etching processes to obtain suitable value of resistors. Ohmic

contacts are made using aluminium metallization as discussed in earlier sections.

Thecross-sectionalviewofathinfilmresistorasshowninfigure.Sheetresistancesof40to  400Ω/
square can be easily obtained in this method and thus 20kΩ to 50kΩ values are very practical.

Theadvantages ofthin filmresistors areasfollows:

1. Theyhavesmallerparasiticcomponentswhichmakestheirhighfrequencybehaviour good.

2. Thethin film resistor values canbeveryminutelycontrolled usinglasertrimming.

3. Theyhavelow temperaturecoefficientof resistanceand thismakes them more stable.

The thin film resistor can be obtained by the use of tantalum deposited over silicon dioxide layer.
The main disadvantage of thin film resistor is that its fabrication requires additional processing
steps.



   Monolithic   Capacitors  :

Monolithic capacitors are not frequently used in integrated circuits since they are limited in the

range  of  values  obtained and  their  performance.  There  are,  however,  two types  available,  the

junction capacitor is a reverse biased PN junction formed by the collector-base or emitter-base

diffusion of the transistor. The capacitance is proportional to the area of the junction and inversely

proportional to the depletion thickness.

Cα A, whereaistheareaof thejunctionand

CαT, wheretisthethicknessofthe depletion layer.

Thecapacitancevalue thus obtainablecan bearound 1.2nF/mm2.
The thin film or metal oxide silicon capacitor uses a thin layer of silicon dioxide as the

dielectric. One plate is the connecting metal and the other is a heavilydoped layer of silicon, which
is formed during the emitter  diffusion.  This capacitor has a lower leakage current and is non-
directional, since emitter plate can be biased positively. The capacitance value of this method canbe

varied between 0.3 and 0.8nF/mm2 .

1.1.20   Inductors:      
No satisfactory integrated inductors exist. If high Q inductors with inductance of values

larger than 5μH are required, they are usually supplied by a wound inductor which is connected
externally to the chip. Therefore, the use of inductors is normally avoided when integrated circuits
are used.



CURRENTMIRRORANDCURRENT SOURCES:

Constantcurrentsource(CurrentMirror):
A constant current source makes use of the fact that for a transistor in the active mode of

operation, the collector current is relatively independent of the collector voltage. In the basiccircuit
shown in fig 1

Transistors Q1&Q2arematched as the circuit is fabricated using IC technology. Baseand
emitter  of  Q1&Q2are  tied  together  and thus  have  the  same VBE.  .In  addition,  transistor  Q1 is
connectedas  adiodebyshortingits  collectortobase.Theinputcurrent  Irefflowsthroughthediode
connected transistor Q1 and thus establishes a voltage across Q1.

This voltage in turn appears between the base and emitter of Q2.Since Q2is identical to
Q1, the emitter current of Q2will be equal to emitter current of Q1which is approximatelyequal to
Iref

AslongasQ2ismaintainedintheactiveregion,itscollectorcurrentIC2=Iowillbe approximately equal 
to Iref .

SincetheoutputcurrentIoisareflectionormirrorofthereferencecurrentIref,thecircuitis often 
referred to as a current mirror.

Analysis:
ThecollectorcurrentIC1andIC2forthetransistorQ1andQ2canbeapproximately 

expressed as
VBfffEffff1fffff

t
IC1 FIESeVT-------------------------------------------------(1)

VBfffEffff2ffffff

IC2tFIESeVT--------------------------------------------------------------------------(2)

Fromequation(1)&(2)
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C1e ----------------(3)

SinceVBE1=VBE2weobtain 
IC2=IC1=IC=IO
Also sinceboth thetransistors areidentical , 12

KCLat thecollectorofQ1gives
Iref=IC1+IB1+IB2 f 2fff

g
f

I
fff
fC1ffff

I
ffffC2ffffI ---------(4)

IC11 2 1 
solvingEq (4). C

ICmaybeexpressed as
ffffffffffffffff----------------(5)

IC2
I

ref
WhereIreffrom figcanbeseento be

V BE VCC

IrefVCC@ffffffffffff ≈≈ffffffffffff
(asVBE=0.7Vis small)

R1 R1

FromEq.5for>>1,  isalmost unityandtheoutput currentI0isequal to the reference
2

current,Irefwhich foragivenR1isconstant. TypicallyIovariesbyabout3%for50 ≤≤200.

It is possible to obtain current transfer ratio other than unity simple by controlling the area
of the emitter-base junction (EBJ) of the transistor Q2 .For example, if the area of EBJ of Q2is 4
times that of Q1,then

IO=4Iref

Theoutput resistanceof thecurrent sourceis theoutput resistance,r0of Q2,
≈=V
V Af [VAistheEarlyvoltage]
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ThecircuithoweveroperatesasaconstantcurrentsourceaslongasQ2remainsintheactive region.

R0=I02=



UNITII
Characteristicsofop-amp

2.0GeneralOperationalAmplifier:
Anoperationalamplifiergenerallyconsistsofthreestages,anmely,1.adifferentialamplifier

2. additionalamplifierstagestoprovidetherequiredvoltagegainanddclevelshifting3.an emitter-

follower or source follower output stage to provide current gain and low output resistance.

Alow-frequencyor dc gainof approximately104is desiredfor ageneral purposeop-amp

andhence,theuseof activeloadispreferredintheinternalcircuitryofop-amp.Theoutputvoltage 
isrequiredtobeatground,whenthedifferentialinputvoltagesiszero,andthisnecessitatestheuse of dual 
polarity supply voltage. Since the output resistance of op-amp is required to be low, a 
complementary push-pull emitter – follower or source follower output stage is employed.
Moreover,astheinputbiascurrentsaretobeverysmalloftheorderofpicoamperes,anFETinput stage is 
normally preferred. The figure shows a general op-amp circuit using JFET input devices.



Input
stage:
Theinputdifferentialamplifierstage  usesp-channelJFETsM1andM2.Itemploysathree-transistor  active
load formed byQ3, Q4, and Q5. the bias current for the stage is provided bya two-transistor current
source using PNP transistors Q6and Q7.Resistor R1increases the output resistance seen looking into
the collector of Q4as indicated by R04.This is necessary to provide bias current stability against the
transistor parameter variations. Resistor R2establishes a definite bias current through Q5. A single
ended output is taken out at the collector of Q4.

MOSFET‘s are used in place of JFETs with additional devices in the circuit to prevent anydamage
for the gate oxide due to electrostatic discharges.

Gainstage:
The second stage or the gain stage uses Darlington transistor pair formed by Q8and Q9as shown in
figure. The transistor Q8is connected as an emitter follower, providing large input resistance.



Therefore, it  minimizes the loadingeffect on the input differential amplifier stage. The transistor
Q9provides an additional gain and Q10acts as an active load for this stage. The current mirror formed
by  Q7and  Q10establishes  the  bias  current  for  Q9.  The  VBEdrop  across  Q9and  drop  across
R5constitutethevoltagedrop acrossR4, and this voltagesets thecurrent through Q8. It can beset to a
small value, such that the base current of Q8also is very less.

Outputstage:
Thefinal stage of the op-amp is a class AB complementarypush-pull output stage. Q11is an emitter
follower, providing a large input resistance for minimizing the loading effects on the gain stage.
Bias current for Q11is provided by the current mirror formed by Q7and Q12,through Q13and Q14for
minimizing the cross over distortion. Transistors can also be used in place of the two diodes.

TheoverallvoltagegainAVoftheop-ampistheproductofvoltagegainofeachstageasgiven by AV= |Ad|
|A2||A3|

WhereAdisthegainofthedifferentialamplifierstage,A2isthegainofthesecondgainstageand A3is the 
gain of the output stage.

IC741 Bipolaroperational amplifier:
The IC 741 produced since 1966 by several manufactures is a widely used general purpose

operational amplifier. Figure shows that equivalent circuit of the 741 op-amp, divided into various
individual stages. The op-amp circuit consists of three stages.

1. theinputdifferential amplifier

2. Thegain stage

3. the output stage.

A bias circuit is used to establish the bias current for whole of the circuit in the IC. The op-amp is

supplied with positive and negative supplyvoltages of value ± 15V, and the supplyvoltages as low

as ±5V can also be used.

Bias Circuit:
The reference bias current IREFfor the 741 circuit is established bythe bias circuit consisting of two
diodes-connected  transistors  Q11and  Q12and  resistor  R5.The  widlar  current  source  formed  by
Q11 ,Q10and R4provide bias current for the differential amplifier stage at the collector of Q10.



ransistors Q8and Q9form another current mirror providing bias current for the differential amplifier.
The reference bias current IREFalso provides mirrored and proportional current at the collector of the
double –collector lateral PNP transistor Q13.The transistor Q13and Q12thus form a two-output current
mirror with Q13Aproviding bias current for output stage and Q13Bproviding bias current for Q17.The
transistor Q18and Q19provide dc bias for the output stage. Formed by Q14and Q20and they establish
two VBEdrops of potential difference between the bases of Q14and Q18.

Input stage:
The input differential amplifier stage consists of transistors Q1through Q7with biasing provided by
Q8through Q12.The transistor Q1and Q2form emitter – followers contributing to high differential
input resistance, and whose output currents are inputs to the common base amplifier using Q3and
Q4which offers a large voltage gain.

The transistors Q5, Q6 and Q7 along with resistors R1,R2and R3from the active load for input stage.
The single-ended output is available at the collector of Q6.the two null terminals in the input stage
facilitate the null  adjustment. The lateral  PNP transistors Q3and Q4provide additional protection
against voltage breakdown conditions. The emitter-base junction Q3and Q4have higher emitter-base
breakdown voltages of about 50V. Therefore, placing PNP transistors in series with NPN transistors
provide protection against accidental shorting of supply to the input terminals.

GainStage:
The Second or the gain stage consists  of  transistors Q16and Q17,with Q16acting as an emitter  –
follower  for  achieving  high  input  resistance.  The  transistor  Q17operates  in  common  emitter
configuration with its collector voltage applied as input to the output stage. Level shifting is done
for this signal at this stage.

Internal  compensation  through  Miller  compensation  technique  is  achieved  using  the  feedback
capacitor C1connected between the output and input terminals of the gain stage.

Outputstage:
TheoutputstageisaclassABcircuitconsistingofcomplementaryemitterfollowertransistorpair Q14and 
Q20. Hence, they provide an effective loss output resistance and current gain.

The output of the gain stage is connected at the base of Q22, which is connected as an emitter – 
followerprovidingaveryhighinputresistance,anditoffersnoappreciableloadingeffectonthe



gainstage. ItisbiasedbytransistorQ13AwhichalsodrivesQ18andQ19,thatareused for 
establishing a quiescent bias current in the output transistors Q14and Q20.

2.1.4Idealop-ampcharacteristics:
1. InfinitevoltagegainA.

2. InfiniteinputresistanceRi,sothatalmostanysignalsourcecandriveitandthereisno loading 
of the proceeding stage.

3. Zerooutput resistanceRo, sothat theoutput candrive aninfinite numberof other devices.
4. Zerooutputvoltage,wheninputvoltageiszero.

5. Infinitebandwidth,sothatanyfrequencysignals fromoto∞HZcanbeamplifiedwithout 
attenuation.

6. Infinitecommonmoderejectionratio,sothattheoutputcommonmodenoisevoltageis zero.

7. Infiniteslewrate,sothatoutputvoltagechangesoccursimultaneouslywithinputvoltage 
changes.

ACCharacteristics:
For small signal sinusoidal (AC) application one has to know the ac characteristics

such as frequency response and slew-rate.

FrequencyResponse:

The variation in operating frequency will cause variations in gain magnitude and its

phaseangle. The manner in which the gain of the op-amp responds to different frequenciesis called

thefrequencyresponse.Op-ampshouldhaveaninfinitebandwidthBw=∞(i.e)ifitsopenloop gain in 90dB

with dc signal its gain should remain the same 90 dB through audio and onto high radio frequency.

The op-amp gain decreases (roll-off) at higher frequency what reasons to decrease gain after a

certain frequency reached. There must be a capacitive component in the equivalent circuit of the op-

amp.  For  an  op-amp with  only  one  break (corner)  frequency all  the  capacitors  effects  can  be

represented by a single capacitor C. Below fig is a modified variation of the low frequency model

with capacitor C at the o/p.



Thereisonepoledueto R0Candone-20dB/decade.Theopenloopvoltagegainofanop-amp with only 
one corner frequency is obtained from above fig.

f1isthecornerfrequencyortheupper3dBfrequencyoftheop-amp.Themagnitudeandphase angle of the 
open loop volt gain are fu of frequency can be written as,

Themagnitudeandphaseanglecharacteristicsfromeqn(29)and(30)

1. Forfrequencyf<<f1themagnitudeof the gain is20logAOLin dB.

2. Atfrequencyf=f1thegainin3dBdownfromthedcvalueofAOLindB.Thisfrequency f1is called 
corner frequency.

3. Forf>>f1thefainroll-offattherate off-20dB/decadeor -6dB/decade.



Fromthephasecharacteristicsthat thephaseangle is zeroat frequencyf =0.

At the corner frequency f1the phase angle is -450 (lagging and a infinite frequencythe phase angle is

-900 . It shows that a maximum of 900 phase change can occur in an op-amp with a single 
capacitorC.Zerofrequencyistakenastedecadebelowthecornerfrequencyandinfinitefrequency is one 
decade above the corner frequency.

2.1.6CircuitStability:
Acircuitoragroupofcircuitconnectedtogetherasasystemissaidtobestable,ifits o/p 

reaches a fixed value in a finite time. (or) A system is said to be unstable, if its o/p increases with 
time instead of achieving a fixed value. In fact the o/p of an unstable sys keeps on increasing until 
the system break down. The unstable system are impractical and need be made stable. The



criterian gn forstabilityis used when the system is to betestedpractically. In theoretically, always 
used to test system for stability , ex: Bode plots.

Bode plots are compared of magnitude Vs Frequency and phase angle Vs frequency. Any system 
whose stability is to be determined can represented by the block diagram.

The block between the output and input is referred to as forward block and the block between the 
outputsignalandf/bsignalisreferredtoasfeedbackblock.Thecontentofeachblockisreferred
―Transferfrequency‘FromfigwerepresenteditbyAOL(f)whichisgivenby AOL (f)
= V0/Vin if Vf= 0-----------------(1)

whereAOL(f)=openloopvoltgain.TheclosedloopgainAfisgiven by AF= 
V0/Vin
AF=AOL/ (1+(AOL) (B)---------(2)

B= gainoffeedbackcircuit.

B is a constant if  the feedback circuit  uses only resistive components. Once the magnitude Vs
frequency and phase angle Vs frequency plots are drawn, system stability may be determined as
follows

1. Method:1:
Determine the phase angle when the magnitude of (AOL) (B) is 0dB (or) 1. If phase angle is > .-

1800, the system is stable. However, the some systems the magnitude may never be 0, in that cases
method 2, must be used.

2. Method2:
Determine the phase angle when the magnitude of (AOL) (B) is 0dB (or) 1. If phase angle is > .-

1800 , If the magnitude is –ve decibels then the system is stable. However, the some systems the



phase  angle  of  a  system may reach -1800  ,  under  such conditions  method 1  must  be  used  to
determine the system stability.

SlewRate:
Another important frequency related parameter of an op-amp is the slew rate. (Slew rate is the
maximum rate of change of output voltage with respect to time. Specified in V/μs).

2.1.8Reason forSlewrate:
There is  usually  a  capacitor  within 0,  outside an op-amp oscillation.  It  is  this  capacitor  which
prevents the o/p voltage from fast changing input. The rate at which the volt across the capacitor
increases is given by

dVc/dt=I/C-------- (1)

I->Maximumamountfurnishedbytheop-ampto capacitorC.Op-ampshouldhavetheeithera higher 
current or small compensating capacitors.

For741IC,themaximuminternalcapacitorchargingcurrentislimitedto about15μA.Sotheslew rate of 
741 IC is

SR=dVc/dt |max =Imax/C.

Forasinewaveinput,theeffectofslewratecanbecalculatedasconsidervoltfollower ->The input is large
amp, high frequency sine wave .

IfVs=VmSinwtthenoutputV0=Vmsinwt.Therateofchangeofoutputisgivenby dV0/dt = Vm w
coswt.



Themaxrateofchangeofoutputacrosswhencoswt=1 

(i.e)SR = dV0/dt |max = wVm.
SR=2∏fVmV/s=2∏fVmv/ms.

Thusthemaximumfrequencyfmaxatwhichwecanobtainanundistortedoutputvoltofpeak value 
Vm is given by

fmax(Hz) =Slewrate/6.28* Vm .

calledthefullpowerresponse.Itismaximumfrequencyofalargeamplitudesinewavewith which op-
amp can have without distortion.

DCCharacteristics ofop-amp:
Currentistakenfromthesourceintotheop-ampinputsresponddifferentlytocurrentand voltage due 

to mismatch in transistor.

DCoutputvoltagesare,

1. Inputbias current

2. Inputoffset current

3. Inputoffset voltage

4. Thermaldrift

Inputbiascurrent:
Theop-amp‘sinputisdifferentialamplifier,which maybemadeof BJTorFET.


Inanidealop-amp,we assumedthatnocurrentisdrawnfromtheinput terminals.


Thebasecurrentsenteringintotheinvertingandnon-

invertingterminals(IB
- &IB

+ 

respectively).




Eventhoughboththetransistorsareidentical

,IB
- andIB

+ arenotexactlyequaldueto internal
imbalance between the two inputs.


Manufacturersspecifytheinputbiascurrent

IB

I
 @ I I ` a

B
So,

ffffffBffffffffffBfffQ 1
2

If input voltageVi=0V.Theoutput VoltageVoshould alsobe (Vo=0)
IB= 500nA

Wefind that the outputvoltageis offsetby,

b @  
c
  `a

V oIB RfQ 2
Op-ampwitha1Mfeedbackresistor

Vo=5000nA X1M=500mV
Theoutput is drivento 500mV withzero input, becauseof thebias currents.

In application where the signal levels are measured in mV, this is totally unacceptable. This can be
compensated. Where a compensation resistor Rcomphas been added between the non-inverting input
terminal and ground as shown in the figure below.

CurrentIB
+flowingthroughthecompensatingresistorRcomp,thenbyKVLwe get,



-V1+0+V2-Vo= 0 (or) Vo

=V2–V1——>(3)
ByselectingpropervalueofRcomp,V2canbecancelledwithV1andtheVo=0.ThevalueofRcompis derived a

V1=IB
+Rcomp(or)

IB
+=V1/Rcomp——>(4)

Thenode=a‘isatvoltage(-V1).Becausethevoltageatthenon-invertinginputterminalis(-V1). So with 
Vi= 0 we get,

I1=V1/R1——>(5) I2=
V2/Rf——>(6)

Forcompensation,Voshouldequaltozero(Vo=0,Vi=0).i.e.fromequation(3)V2=V1.Sothat, I2= V1/Rf

——>(7)
KCLatnode =a‘gives,

IB
-=I2+I1

IB
Rf R 1AssumeI-=I+andusingequation(4)&(8)weget

B B

RcompR1Rf

Rcomp=R1||Rf———>(9)
i.e.tocompensateforbiascurrent,thecompensatingresistor,
Rcompcombination of resistor R1and Rf.

shouldbeequalto the parallel

Inputoffsetcurrent:


BiascurrentcompensationwillworkifbothbiascurrentsI
B

+andIB
-areequal.


Sincetheinputtransistorcannotbemadeidentical.Therewillalwaysbesomesmall difference 
between IB

+ and IB
-. This difference is called the offset current





|Ios|= IB
+-IB

- ——>(10)
OffsetcurrentIosforBJTop-ampis200nAandforFETop-ampis10pA.Evenwithbiascurrent 
compensation, offset current will produce an output voltage when Vi= 0.

V1= IB
+Rcomp——>(11)

And I1= V1/R1 ——>(12)
KCLatnode =a‘gives,

Again V0=I2Rf–V1

Vo= I2Rf- IB
+Rcomp

Vo=1MΩX200nA
Vo=200mV with Vi=0

Equation(16)theoffsetcurrent canbeminimized bykeepingfeedbackresistancesmall.


Unfortunatelyto obtain high input impedance, R1must bekept large.


R

1large,thefeedbackresistorRfmustalsobehigh.Soastoobtainreasonablegain.

TheT-feedbacknetwork isagoodsolution.Thiswillallowlargefeedbackresistance,while

keepingtheresistancetogroundlow(indotted line).


TheT-networkprovides afeedbacksignal asifthenetworkwereasinglefeedbackresistor.
ByT toΠ conversion,

TodesignT-network first pickRt<<Rf/2 ——>(18)
Rs

Then calculate Rf2R t



Inputoffsetvoltage:
Inspite of the use of the above compensating techniques, it is found that the output voltage

may still  not  be zero with zero input  voltage [Vo≠ 0 with Vi= 0].  This  is  due to  unavoidable
imbalances inside the op-amp and one may have to apply a small voltage at the input terminal to
make output (Vo) = 0.

ThisvoltageiscalledinputoffsetvoltageVos.Thisisthevoltagerequiredtobeappliedat the input
for making output voltage to zero (Vo= 0).



LetusdeterminetheVosontheoutputofinvertingandnon-invertingamplifier.IfVi=0(Fig(b)  and  (c))
become the same as in figure (d).

Totaloutputoffset voltage:
ThetotaloutputoffsetvoltageVOTcouldbeeithermoreorlessthantheoffsetvoltage

produced at the output due to input bias current (IB) or input offset voltage alone(Vos).

Thisisbecause  IBand  Voscouldbe  eitherpositive  ornegative  withrespecttoground.Therefore  the
maximum offset voltage at  the output of an inverting and non-inverting amplifier  (figure b,  c)
withoutanycompensationtechniqueusedisgivenbymanyop-ampprovideoffsetcompensation

pinsto nullifythe offsetvoltage.


10Kpotentiometer is placed across offset nullpins 1&5. Thewipes connected to the
negativesupplyat pin 4.


Thepositionofthewipesisadjusted tonullifytheoffset 

voltage.

Whenthegiven(below)op-ampsdoesnothavetheseoffsetnullpins,externalbalancing 
techniques are used.



Non-inverting amplifier:

Thermaldrift:


Biascurrent,offsetcurrent,andoffsetvoltagechangewithtemperature.


Acircuitcarefullynulledat25ºCmaynotremain.Sowhenthetemperaturerisesto35ºC.Thisis
calleddrift.


OffsetcurrentdriftisexpressedinnA/ºC.
 Theseindicatethechangeinoffsetforeach degreeCelsiuschangein temperature.

2.1.14Openloop-op-amp
Configuration:

The term open-loop indicates that no feedback in any form is fed to the input from the 

output.Whenconnectedinopen–loop,theop-ampfunctionsasaveryhighgainamplifier. There are 

three open – loop configurations of op-amp namely,



1. differentialamplifier

2. Invertingamplifier

3. Non-invertingamplifier

The above classification is made based on the number of inputs used and the terminal to
which the input is applied. The op-amp amplifies both ac and dc input signals. Thus, the input
signals can be either ac or dc voltage.

2.1.15Open–loopDifferentialAmplifier:
In this configuration, the inputs are applied to both the inverting and the non-inverting

input terminals of the op-amp and it amplifies the difference between the two input voltages.

Figure shows the open-loop differential amplifier configuration.

The input  voltages are represented by Vi1and Vi2.The source resistance Ri1and Ri2are
negligibly small in comparison with the very high input resistance offered by the op-amp, and
thus the voltage drop across these source resistances is assumed to be zero. The output voltage
V0is given by

V0=A(Vi1– Vi2 )
whereAisthelargesignalvoltagegain.Thusthe outputvoltageisequaltothevoltagegainA

times the difference between the two input voltages. This is the reason why this configuration is
called a differential amplifier. In open – loop configurations, the large signal voltage gain A is
also called open-loop gain A.



Inverting amplifier:

In this configuration the input signal is applied to the inverting input terminal of the op-amp

and thenon-invertinginput terminal is connectedto theground. Figureshowsthecircuit of an open –

loop inverting amplifier.



Theoutputvoltageis1800 outofphasewithrespecttotheinputandhence,theoutputvoltageV0is given 
by,

V0=-AVi

Thus,inaninvertingamplifier,theinputsignalisamplifiedbytheopen-loopgainAandinphase – shifted 

by 1800.
2.1.17Non-invertingAmplifier:

Figure shows the open – loop non- inverting amplifier. The input signal is applied to the
non-inverting input terminal of the op-amp and the inverting input terminal is connected to the
ground.

Theinputsignalisamplifiedbytheopen –loop gainAandtheoutputisin-phasewithinput signal.

V0=AVi

In all the above open-loop configurations, only very small values of input voltages can be applied.

Even for voltages levels slightly greater than zero, the output is driven into saturation, which is

observed from the ideal transfer characteristics of op-amp shown in figure. Thus, when operated in

the open-loop configuration, the output of the op-amp is either in negative or positive saturation, or

switches between positive and negative saturation levels.  This prevents the use of open – loop

configuration of op-amps in linear applications.



Limitationsof Open–loop Op –ampconfiguration:
Firstly, in the open – loop configurations, clipping of the output waveform can occur when the
output voltage exceeds the saturation level of op-amp. This is due to the veryhigh open – loop gain
of the op-amp. This feature actually makes it possible to amplify very low frequency signal of the
order  of  microvolt  or  even less,  and the amplification can be achieved accurately without  any
distortion. However, signals of such magnitudes are susceptible to noise and the amplification for
those application is almost impossible to obtain in the laboratory.

Secondly,  the open – loop gain of the op – amp is not a constant and it  varies with changing

temperatureand variations in powersupply. Also, thebandwidth ofmost oftheopen-loop op amps is

negligibly  small.  This  makes  the  open  –  loop  configuration  of  op-amp  unsuitable  for  ac

applications. The open – loop bandwidth of the widely used 741 IC is approximately 5Hz. But in

almost all ac applications, the bandwidth requirement is much larger than this.

Forthereason stated,the open – loop op-amp is generallynot used in linearapplications. However, the
open  –  loop  op  amp  configurations  find  use  in  certain  non  –  linear  applications  such  as
comparators, square wave generators and astable multivibrators.

Closed–loopop-ampconfiguration:
The op-amp can be effectively utilized in linear applications by providing a feedback from

the output to the input, either directly or through another network. If the signal feedback is out- of-

phaseby1800withrespecttotheinput,thenthefeedbackisreferredtoasnegativefeedbackor

degenerative feedback. Conversely, if the feedback signal is in phase with that at the input, then the
feedback is referred to as positive feedback or regenerative feedback.

An op – amp that uses feedback is called a closed – loop amplifier. The most commonly usedclosed
–  loop  amplifier  configurations  are  1.  Inverting  amplifier  (Voltage  shunt  amplifier)  2.  Non-
Inverting amplifier (Voltage – series Amplifier)

Inverting Amplifier:
The inverting amplifier is shown in figure and its alternate circuit arrangement is shown in

figure, with the circuit redrawn in a different way to illustrate how the voltage shunt feedback is
achieved. The input signal drives the inverting input of the op – amp through resistor R1.



The op – amp has an open – loopgain of A, so that the output signal is much larger than the 

errorvoltage.Becauseofthephaseinversion,theoutputsignalis1800out–of–phasewiththeinput
signal. This means that the feedback signal opposes the input signal and the feedback is negative or 
degenerative.

Differentialamplifier:
Wewillevaluate2differentarrangementsofthedifferentialamplifierwith -vefeedback.Classify these 
arrangements according to the number of op-amps used. i.e

1. Differentialamplifierwithoneop-amp

2. Differentialamplifierwithtwoop-amps.

Differentialamplifierareusedininstrumentationandindustrialapplicationstoamplifydifferences between 
2 input signals such as output of the wheat stone bridge circuit.

Differentialamplifierpreferredtotheseapplicationbecausetheyarebetterabletorejectcommon mode 
(noise) voltages than single input circuit such as inverting and non-inverting amplifier.

DifferentialAmplifierwithoneop-amp:

To analyse this circuit by deriving voltage gain and input resistance. This circuit is a
combination of invertingand non-invertingamplifier. (i.e) When Vxis reduced to zero the circuit is
non-inverting amplifier and when Vyis reduced to zero the circuit is inverting amplifier.

Voltage Gain:
Thecircuithas2inputs VxandVy.Usesuperpositiontheorem,whenVy=0V,becomesinverting amplifier. 
Hence the o/p due to Vxonly is



Similarly,whenVx=0V,becomesNon-invertingamplifierhavingavoltagedividernetwork composed of 
R2and R3at the Non – inverting input.

Note: thegain ofthe differentialamplifier issameasthatofinvertingamplifier.

Input Resistance:
The input resistance Rifof the differential amplifier is resistance determined looking 

into either one of the 2 input terminals with the other grounded,

WithVy= 0V,
Invertingamplifier,theinputresistancewhichis,

RiFx ≈ R1

(26.a)Similarly,,Vx=0V,

Non-invertingamplifier,theinputresistancewhichis,
RiFy ≈ (R2+ R3)(26.b)

Vxand Vyare not the same. Both the input resistance can be made equal, if we modify the basic
differential amplifier. Both R1and (R2+ R3) can be made much larger than the source resistances.
So that the loading of the signal sources does not occur.

Note: If we need a variable gain, we can usethe differential amplifier. In this circuit R1=R2, RF=
R3and the potentiometer Rp= R4.
DependingonthepositionofthewiperinRvoltagecanbevariedfromtheclosedloopgainof  -  2RF/R1to
the open loop gain of A.



2.2.8.DifferentialAmplifierwith2 op-amps:
Wecanincreasethegainofthedifferentialamplifierandalsoincreasetheinput resistance Rifif 

we use 2 op-amps.

Voltage gain:
Itiscomparesof2stages1. Non-inverting

.Differentialamplifierwithgain.

Byfindingthe gain ofthese2stages, wecanobtain theoverallgainof thecircuit,



Input Resistance:
The input resistance Rif of the differential amplifier is the resistance determined from either one of
the two non-inverting terminals with the other grounded. The first  stage A1is the non-inverting
amplifier, its input resistance is

RiFy=Ri(1+AB)------------(29.a)

WhereRi=openloopinputresistanceoftheop-amp.
B=R2/R2+R3

Similarly,withVyshortedtoground(Vy=0 V),the2nd stage(A2)alsobecomesnon-inverting amplifier, 
whose input resistance is

RiFx=Ri (1+AB)------------(29.b)

WhereRi=openloopinputresistanceoftheop- amp B
= R1/(R1+ RF)

SinceR1=R3andRF=R2,theRify≠RiFx becausetheloadingoftheinputsourcesVxandVymay occur. (Or)

Theoutputsignalmaybesmallerinamplitudethanexpected.Thispossiblereductioninthe amplitude of 

the output signal is drawback of differential amplifier. To overcome this:

Withproperselectionofcomponents,bothRiFyandRiFxcanbemademuchlargerthanthe sources 
resistance so that the loading of the input sources does not occur.

OutputresistanceandBandwidthofdifferentialamplifierwith 
feedback:

Theoutputresistanceofthedifferentialamplifiershouldbethesameasthatofthenon- inverting 
amplifier expect that B = 1/AD(i.e)

ROF=R0/(1+A/AD)------------(30)
AD=closedloopgainofthedifferentialamplifier R0= 
output resistance of the op-amp
A =open– loop volt gain of theop-amp

Remember that ADis different for differential amplifier.In the case of Inverting and Non-inverting
amplifier, the bandwidth of the differential amplifier also depends on the closed loop gain of the
amplifier and is given by,

fF=Unitygain Bandwidth closed loopgain AD(or) fF=(A)(f0)



UNITIII
APPLICATIONOFOP-AMP

The basic inverting amplifier configuration using an op-amp with input impedance Z 1and 
feedback impedance Z f.

If the impedance Z 1and Z fare equal in magnitude and phase, then the closed loop voltage 

gainis-1,andtheinputsignalwillundergoa1800phaseshiftattheoutput.Hence,suchcircuitis

also called phase inverter. If two such amplifiers are connected in cascade, then the output from the 
second stage is the same as the input signal without any change of sign.

Hence,theoutputsfromthetwostagesareequalinmagnitudebutoppositeinphase and such a
system is an excellent paraphase amplifier

Referringthe above diagram, if the ratio Zf/ Z1= k, a real constant, then the closed 
loop gain is –k, and the input voltage is multiplied by a factor –k and the scaled output is 
availableattheoutput.Usually,insuchapplications,ZfandZ1areselectedasprecisionresistors for 
obtaining precise and scaled value of input voltage.

PHASESHIFT CIRCUITS
The phase shift circuits produce phase shifts that depend on the frequency and maintain a

constant gain. These circuits are also called constant-delay filters or all-pass filters. That constant
delay  refers  to  the  fact  the  time  difference  between  input  and  output  remains  constant  when
frequency is changed over a range of operating frequencies.

Thisiscalled all-pass becausenormallyaconstantgainismaintained forallthefrequencies within
the operating range. The two types of circuits, for lagging phase angles and leading phase angles.

Phase-lagcircuit:
Phase  log  circuit  is  constructed  using  an  op-amp,  connected  in  both  inverting  and non

inverting modes. To analyze the circuit operation, it is assumed that the input voltage v1 drives a
simple inverting amplifier with inverting input applied at(-)terminal of op-amp and a non inverting
amplifier with a low-pass filter.

Itisalsoassumedthat invertinggainis-1andnon-invertinggainafterthelow-pass circuit
.



Therelationshipiscomplexasdefinedaboveequationanditshowsthatithasboth 
magnitude and phase. Sincethe numerator and denominator are complex conjugates, their

Voltage follower:

IfR1=∞andRf=0inthe noninvertingamplifierconfiguration.
Theamplifieractasaunity-gainamplifierorvoltage follower.

Thatis

v A 1 R
f

R



Since
0 Av

R1

R
f 1
f

The circuit consist of an op-amp and a wire connecting the output voltage to the input ,i.ethe
output voltage is equal to the input voltage, both in magnitude and phase.V0=Vi

Sincetheoutputvoltageofthecircuitfollowstheinput  voltage,thecircuitiscalledvoltage
follower. It offers very high input impedance of the order of MΩ and very low output impedance.

Therefore, this circuit draws negligible current from the source. Thus, the voltage follower

can be used as a buffer between a high impedance source and a low impedance load for impedance

matching applications.

VoltagetoCurrent Converterwith floatingloads (V/I):
1. Voltageto current converter in which load resistor RLis floating(not connected toground).

2. Vinisappliedtothenoninvertinginputterminal,andthefeedbackvoltageacrossR1devices 
the inverting input terminal.

3. Thiscircuitisalsocalledasacurrent–seriesnegativefeedbackamplifier.

4. BecausethefeedbackvoltageacrossR1(appliedNon-invertingterminal)dependsonthe 
output current i0and is in series with the input difference voltage Vid.



WritingKVLfortheinputloop,
VinVidVf

Vid
t
0v,sinceA isverylargeA

VinVf

VinR1i0
`
or

a

FromthefiginputvoltageVinisconvertedintooutputcurrentofVin/R1[Vin->i0].
Inotherwords,inputvoltappearsacrossR1.IfR1isaprecisionresistor,theoutputcurrent(i0=  Vin/R1)
will be precisely fixed.

Applications:
1. Lowvoltageac anddcvoltmeters

2. Diodematch finders

3. LED

4. Zenerdiodetesters.

Voltage–tocurrentconverterwithGrounded load:
Thisisthe othertypeV –Iconverter,in whichoneterminal oftheloadis connected

to ground.



Analysisof the circuit:
Theanalysis of the circuit can bedonebyfollowing2 steps.

1. Todeterminethevoltage V1atthenon-inverting(+)terminalsand

2. Toestablishrelationship betweenV1andtheloadcurrentIL

.ApplyingKCLatnodeV1wecan writethat,

CurrenttoVoltageConverter(I –V):

1. Open– loop gain aof the op-ampis verylarge.V1V2@@@@
`
1
a

2. Inputimpedanceof theop-amp is veryhigh.(i.e) thecurrents enteringintothe 2 input



terminalsis verysmall.IB
1



IB
2



0 ---(2)

3.1.8Sensitivity of the I– V converter:
1. TheoutputvoltageV0=-RFIin.

2. Hencethegainofthisconverterisequalto-RF.Themagnitudeofthegain(i.e)isalso called as 
sensitivity of I to V converter.

3. Theamountofchangein outputvolt∆V0foragivenchangeintheinputcurrent∆Iinis decide 
by the sensitivity of I-V converter.

4. BykeepingRFvariable,it is possible to varythesensitivityas per therequirements.

ApplicationsofV-IconverterwithFloatingLoad:
1. DiodeMatchfinder:

In some applications, it is necessary to have matched diodes with equal voltage drops
at a particular value of diode current. The circuit can be used in finding matched diodes and is
obtained from fig (V-I converter with floating load) by replacing RLwith a diode. When the switch
is in position 1: (Diode Match Finder) Rectifierr diode (IN 4001) is placed in the f/b loop, the
current through this loop is set byinput voltage Vin and Resistor R1. For Vin = 1V and R1= 100Ω,
the current through this

I0=Vin/R1=1/100= 10mA.

AslongasV0andR1constant,I0willbeconstant.TheVoltagedropacrossthediodecanbefound  either
bymeasuringthe volt across it or o/p voltage. Theoutput voltage is equal to (Vin + VD) V0



= Vin + VD. To avoid an error in output voltage the op-amp should be initially nulled. Thus the
matched diodes can be found by connecting diodes one after another in the feedback path and
measuring voltage across them.

2. Zenerdiode Tester:
(Whenthe switchposition 2)

when the switch is in position 2, the circuit becomes a zener diodetester. The circuit can be used to

find the breakdown voltage of zener diodes. The zener current is set at a constant value by Vin and

R1.Ifthiscurrentislargerthantheknee current(IZK)ofthezener,thezenerrblocks(Vz)volts.For Ex:

IZK=1mA,VZ =6.2V,Vin=1v,R1=100ΩSincethecurrentthroughthezeneris, I0=Vin/R1= 1/100 =10mA
> IZKthe voltage across the zener will be approximately equal to 6.2V.

3. Whentheswitch isinposition 3: (LED)
The circuit becomes a LED when the switch is in position 3. LED current is set at a

constant value by Vin and R1.LEDs can be tested for brightness one after another at this current.
Matched LEDs with equal  brightness at  a specific  value of  current  are  useful  as indicates and
display devices in digital applications.

Applicationsof I–V Converter:



Oneof themost commonuseofthecurrentto voltageconverter is

1. DigitaltoanalogConverter(DAC)

2. SensingcurrentthroughPhotodetector.Suchasphotocell,photodiodesandphotovoltaic 
cells.

Photoconductivedevicesproduceacurrentthatisproportionaltoanincidentenergyorlight(i.e)It can be 
used to detect the light.

DACusing I – V converter:
It shows acombination ofaDAC and current to voltage converter. The8 digit binary 

signal is the input to the DAC and V0is the corresponding analog output of the current to voltage 
converter.TheoutputuoftheDACiscurrent I0,thevalueofwhichdependsonthelogicstate(0or 1), of the 
binary inputs as indicated by the following eqn.

This means I0is zero when all inputs are logic 0. 
I0ismaxwhenallinputsarelogic1.

ThevariationsinI0canbeconvertedintoadesiredo/pvoltagerangebyselectingapropervalue for 
RF.since, V0= I0RF

Where  I0is  given  by  eqn (1).  It  is  common to  parallel  RFwith  capacitance  C to  minimize  the
overshoot. In the fig the o/p voltage of the current to voltage converter is positive because the
direction of input current I0is opposite to that in the basic I – V Converter.

2.Detectingcurrentthroughphotosensitive devices:



Photocells, photodiodes, photovoltaic cells give an output curren that depends on the

intensity of light and independent of the load. The current through this devices can be converted to

voltage by I – V converter and it can be used as a measure of the amount of light. In this fig

photocell  is connected to the I  – V Converter.  Photocell  is a passive transducer, it  requires an

externaldcvoltage(Vdc).Thedcvoltagecanbeeliminatedifaphotovoltaiccellisusedinsteadofa photocell.

The Photovoltaic  Cell  is  a  semiconductor  device  that  converts  the  radiant  energy to  electrical

power.  It  is  a  self  generating  circuit  because  it  doesnot  require  dc  voltage  externally.  Exof

Photovoltaic Cell : used in space applications and watches.

SummingAmplifier:

Op-ampmaybeusedto designacircuitwhoseoutputisthe sumof severalinput signals.

Suchacircuitiscalleda summingamplifierorasummer.

An invertingsummeroranon-invertingsummermaybediscussednow.

InvertingSumming Amplifier:

AtypicalsummingamplifierwiththreeinputvoltagesV1,V2andV3threeinputresistors R1, R2, 
R3and a feedback resistor Rfis shown in figure 2.



Thefollowing analysis iscarried out assumingthat theop-ampis an idealone, that is, AOL

=∞.Sincetheinputbiascurrentisassumedtobezero,thereisnovoltagedropacrosstheresistor Rcompand hence
the non-inverting input terminal is at ground potential.

TofindRcomp,makeallinputsV1=V2=V3=0.SotheeffectiveinputresistanceRi=R1|| R2|| R3. 
Therefore, Rcomp= Ri|| Rf= R1|| R2|| R3|| R,f.

Non-InvertingSummingAmplifier:

Asummer that givesanon-inverted sumis the non-invertingsummingamplifier of figure

3. Let the voltage at the (-) input teriminal be Va. 
which is a non-inverting weighted sum of inputs.

LetR1=R2=R3=R=Rf/2, thenVo=V1+V2+V3

Subtractor:



A basic differential amplifier can be used as a subtractor as shown in the above figure. If all 

resistors are equal in value, then the output voltage can be derived byusing superposition principle.

Tofind theoutput V01dueto V1alone, makeV2=0.

Then the circuit of figure as shown in the above becomes a non-inverting amplifier 
havinginput voltage V1/2 at the non-inverting input terminal and the output becomes

V f g R
V

ffffffff1

01 2

1R 1 fffff V

SimilarlytheoutputV02duetoV2alone(withV1grounded)canbewrittensimplyforan inverting 
amplifier as

V02  @  V  2

Thusthe output voltage Voduetoboth the inputscan bewritten as

VoV 01V02V1@  V  2  

Adder/Subtractor:



Similarly,itcanbeshownthattheoutputvoltageV04duetoV4aloneis

V04V4

Thus,theoutputvoltageVodueto allfourinput voltagesisgiven by

VoV01V02V03V04

Vo@  V  1@  V  2 V3V4

Vo
b

V3

c b c
V

4@V1 V2

So,thecircuitis anadder-subtractor.

InstrumentationAmplifier:



The difference gain of this instrumentation amplifier R, however should never be madezero,
as this will make the gain infinity. To avoid such a situation, in a practical circuit, a fixed resistance
in series with a potentiometer is used in place of R.

Figure 6(c) shows a differential  instrumentation amplifier using Transducer Bridge. The
circuit uses a resistive transducer whose resistance changes as a function of the physical quantityto
be measured.

The bridge is initially balanced by a dc supply voltage Vdcso that V1=V2. As the physical
quantity  changes,  the resistance RTof the transducer  also changes,  causing an unbalance in  the
bridge  (V1≠V2).  This  differential  voltage  now  gets  amplified  by  the  three  op-amp  differential
instrumentation amplifier.

There are number differential applications of instrumentation amplifier with the transducer
bridge, such as temperature indicator, temperature controller, and light intensity meter to name a
few.

Differentiator:
One ofthesimplestoftheop-ampcircuitsthatcontainscapacitorinthedifferentiating

amplifier.

Differentiator:
Asthenameimplies,the circuitperformsthe mathematicaloperationof differentiation (i.e)

the output waveform is the derivative of the input waveform. The differentiator may be constructed

from a basic inverting amplifier if an input resistor R1is replaced by a capacitor C1.

Theexpression fortheoutput voltagecan beobtainedKCLeqnwritten at nodeV2as follows,

Sincethedifferentiatorperformsthereverseoftheintegrator function.

ThustheoutputV0isequaltoRFC1timesthenegativerateofchangeoftheinputvoltageVin with time.

The–sign=>indicatesa1800 phaseshiftoftheoutputwaveformV0withrespecttotheinput signal.

Thebelowcircuit willnotdo thisbecauseit hassomepractical problems.



Thegainofthecircuit(RF/XC1)RwithRinfrequencyatarateof20dB/decade.Thismakesthe circuit unstable.

AlsoinputimpedanceXC1SwithRinfrequencywhichmakesthecircuitverysusceptibletohigh

frequencynoise.

Basic Differetntiator

From the above fig, fa= frequency at which the gain is 0dB and is given by, Both stability and 
highfrequencynoiseproblemscanbecorrectedbytheadditionof2components.R1andCF.This circuit is 
a practical differentiator.

From Frequency f to feedback the gain Rs at 20dB/decade after feedback the gain Sat 

20dB/decade.This40dB/decadechangein gainiscausedbytheR1C1andRFCFcombinations. The gain 
limiting frequency fbis given by, Where R1C1= RFCF

R1C1andRFCF=>helpsto reducetheeffectofhigh frequencyinput, amplifiernoiseandoffsets.



All R1C1and RF CF make the circuit more stable by preventing the Rin gain with frequency. 
Generally,thevalueofFeedbackandinturnR1C1andRFCFvaluesshouldbeselectedsuchthat

`a
fa<fb<fC @@@@2

where

fcunitygain bandwidth

Theinputsignalwillbedifferentiatedproperly,ifthetimeperiodToftheinputsignalislarger than or equal
to RFC1(i.e) T > RFC1

PracticalDifferentiator
Aworkable differentiator can bedesigned byimplementingthefollowingsteps.

1. Selectfaequaltothehighestfrequencyoftheinputsignaltobedifferentiatedthenassuminga value of 
C1< 1μf. Calculate the value of RF.

2. Choosefb =20fa and calculate thevalues of R1and CFso that R1C1=RFCF.

Uses:

Itsusedinwaveshapingcircuitstodetecthighfrequencycomponentsinaninputsignalandalsoas a rate of 
change and detector in FM modulators.



Thiso/pforpractical differentiator



Integrator:
Acircuitinwhichtheoutputvoltagewaveformistheintegraloftheinputvoltage

waveform is the integrator or Integration Amplifier. Such acircuit is obtained byusing a basic
invertingamplifier configuration if the feedback resistor RFis replaced byacapacitor CF. The
expression for the output voltage V0can be obtained by KVL eqn at node V2.

`
a

whereCintegration  c  onstantA
eqn(3)indicatesthattheoutputisdirectlyproportionaltothenegativeintegraloftheinputvolts and 
inversely proportional to the time constant R1CF. Ex: If the input is sine wave -> output is cosine 
wave.
If theinputis squarewave->outputis triangular wave.





Thesewaveform withassumption of R1Cf=1, Vout =0V(i.e)C =0.

WhenVin=0theintegratorworksasanopenloopamplifierbecausethecapacitorCFactsanopen circuit to the 
input offset voltage Vio.

Or

TheInputoffsetvoltageVioandthepartoftheinputarechargingcapacitorCFproducetheerror voltage at the 
output of the integrator.

PracticalIntegrator:

PracticalIntegratortoreducetheerrorvoltageat  theoutput,aresistorRFisconnectedacrossthe
feedback capacitor CF.
Thus RFlimits the low frequency gain and hence minimizes the variations in the output voltages.
The frequency response of the basic integrator, shown from this fb is the frequency at which the
gain is dB and is given by,
Boththestabilityandlowfrequencyroll-offproblemscanbecorrectedbytheadditionofaresistor  RFin  the

practical integrator.

Stability->referstoaconstantgainasfrequencyofaninputsignalisvariedoveracertainrange. Low 

frequency -> refers to the rate of decrease in gain roll off at lower frequencies.

FromthefigofpracticalIntegrators,
f is some relative operating frequency and for frequencies f to fa to gain RF/ R1is constant. After 
fa the gain decreases at a rate of 20dB/decade or between fa and fb the circuit act as an integrator.

GenerallythevalueoffaandinturnR1CFandRFCFvaluesshouldbeselectedsuchthatfa<fb.In fact, the 
input signal will be integrated properly if the time period T of the signal is larger than



or
TRC

equalto RFCF,(i.e) F F

Uses:

Mostcommonlyusedinanalogcomputers. 

ADC

Signalwaveshapingcircuits.

Log and Antilog Amplifier:

Thereareseveralapplicationsoflogandantilogamplifiers.Antilogcomputationmay require 
functions such as ln x, log x or Sinhx.

Thesecanbeperformed continuselywithlogamps,andalsousedfordirect dBdisplayon a 
digital Voltmeter and Spectrum analyzer.

Log-ampcanalsobeusedtocompress thedynamicrangeofa signal.

Log Amplifier:
Thefundamentallogampcircuit shownin fig

Figa.Fundamentallog-ampCircuit

Where a grounded base transistor is placed in the feedback path. Since the collector is 
placed in thefeedback path. Thecircuit haveoneproblem.Theemitter saturation current Is varies 
fromtransistortotransistorandwithtemperature. Thusastablereferencevoltage Vrefcannotbe 
obtaineThisiseliminatedbythecircuit giveninfig(b)Theinputisapplied toonelog-amp,while a 
reference voltage is applied to one log- amp,while a reference voltage is applied to another log- 
amp. The two transistors are integrated close together in the same silicon wafer. This provides a 
close match of saturation currents and ensures good thermal tracking. Fig(b)Log-amp with 
saturation current and temperature compensation

AssumeIS1=IS2=I
Antilog Amplifier

TheCircuit isshown in fig.The inputVifortheantilog-amp isfedintothe temperature

@@@@6



compensatingvoltagedividerR2andRTCandthentothebaseofQ2 .TheoutputVooftheantilog- amp is fed 
back to the inverting input of A1through the resistor R1.The base to emitter
voltageoftransistorsQ1andQ2canbewrittenas
Sincethebaseof Q1istiedto ground,we get

Or, kTR2RTC Vref

Changingthenaturallogi.e.,lntolog10usingeqn(6)wegetHenceanincreaseofinputbyonevolt causes the 
output to decrease by a decade

Comparator
To obtainforbetterperformance,weshallalsolookatintegrateddesignedspecificallyascomparators 

and converters. A comparator as its name implies, compares a signal voltage on one inputofanop-

amp withaknownvoltagecalleda referencevoltageontheotherinput. 

Comparators are used in circuits such as,

DigitalInterfacingSchmittTriggerDiscriminatoVoltageleveldetectorand oscillators

1. Non-inverting Comparator:

A fixed reference voltage Vref of 1 V is applied to the negative terminal and time varying 
signal voltage Vin is applied tot the positive terminal.When Vin is less than Vref the output 
becomes V0at –Vsat [Vin < Vref => V0(-Vsat)]. When Vin is greater than Vref, the (+) input 
becomes positive, the V0goes to +Vsat. [Vin > Vref => V0(+Vsat)]. Thus the V0changes from 
onesaturation level to another. Thediodes D1and D2protects theop-amp from damagedueto the 
excessive input voltage Vin. Because of these diodes, the difference input voltage Vid of the op- 
ampdiodesarecalledclampdiodes.TheresistanceRinserieswithVinisusedtolimitthecurrent through 
D1and D2. To reduce offset problems, a resistance Rcomp = R is connected between the (-ve) 
input and Vref.

InputandOutputWaveforms:





2. Inverting Comparator:

ThisfigshowsaninvertingcomparatorinwhichthereferencevoltageVrefisappliedtothe(+)input terminal and 

Vin is applied to the (-) input terminal. In this circuit Vref is obtained by using a



10K potentiometer that forms a voltage divider with dc supply volt +Vcc and -1 and the wiper

connected to the input. As the wiper is moved towards +Vcc, Vref becomes more positive. Thus a

Vref of adesired amplitude and polaritycan be obtained bysimplyadjustingthe 10k potentiometer.



3. ZeroCrossingDetector:[SinewavetoSquarewaveconverter]



One of the application of comparator is the zero crossing detector or ―sine wave to
Square wave Converter . The basic comparator can be used as a zero crossing detector by setting
Vref is set to Zero. (Vref =0V).

This Fig shows when in what direction an input signal Vin crosses zero volts. (i.e) the o/p V0is
driven  into  negative  saturation  when  the  input  the  signal  Vin  passes  through  zero  in  positive
direction. Similarly, when Vin passes through Zero in negative direction the output V0switches and
saturates positively.

DrawbacksofZero-crossingdetector:
In some applications, the input Vin may be a slowly changing waveform, (i.e) a low frequency
signal.  It  will  take  Vin  more  time to cross  0V,  therefore  V0may not  switch quickly  from one
saturation voltage to the other. Because of the noise at the op-amp‘s input terminals the output
V0mayfluctuatebetween  2  saturationsvoltages+Vsatand  –Vsat.  Bothoftheseproblemscanbe  cured
with the use of regenerative or positive feedback that  cause the output  V0to  change faster  and
eliminate any false output transitions due to noise signals at the input. Inverting comparator with
positive feedback . This is known as ―Schmitt Trigger .



SchmittTrigger:[SquareCircuit]

Thiscircuitconvertsanirregularshapedwaveformtoasquarewaveorpulse.The circuit is 
known as Schmitt Trigger or squaring circuit. The input voltage Vin triggers



(changesthestateof)theo/pV0everytimeitexceedscertainvoltagelevelscalledtheupper threshold
Vut and lower threshold voltage. These threshold voltages are obtained by using theh 
voltage divider R1– R2,where the voltage across R1 is feedback tothe (+) input. 
The voltage across R1 is

variable  reference  threshold  voltage  that  depends  on  the  value  of  the  output  voltage.
WhenV0= +Vsat, the voltage across R1is called ―upper threshold voltage Vut. The input
voltage  VinmustbemorepositivethanVutinordertocausetheoutputV0toswitchfrom+Vsatto–
Vsat. As long as Vin <

Vut,V0isat+Vsat,usingvoltage divider rule,
V0isat –Vsat.Vltisgiven bythe followingeqn.

Thus, if the threshold voltages Vut and Vlt are made larger than the input noise 
voltages,thepositivefeedbackwilleliminatethefalseo/ptransitions.Alsothepositive 
feedback, because of its
regenerativeaction,willmakeV0switch fasterbetween+Vsatand–Vsat.Resistancet
Rcomp
R1|| R2is used to minimize the offset problems. The comparator with positive feedback is 
saidtexhibithysteresis,adeadbandcondition.(i.e)whentheinputofthecomparatorexceeds Vut its 
output switches from +Vsat to –Vsat and reverts to its original state, +Vsat when the input 
goes below Vlt. The hysteresis voltage is equal to the difference between Vut and Vlt. 
Therefore



UNITIV
THE555 TIMERIC

The555isamonolithictimingcircuitthatcanproduceaccurate&highlystabletime delays or 
oscillation. The timer basically operates in one of two modes: either

(i) Monostable(one-shot) multivibratoror

(ii) Astable(freerunning)multivibrator

(i) Itoperates on +5vto +18 v supplyvoltages

(ii) Ithas an adjustabledutycycle

(iii) Timingis from microseconds to hours

(iv) Ithasacurrento/p

PINCONFIGURATIONOF555TIMER:

Pindescription:Pin1:Ground:
Allvoltagesaremeasuredwithrespecttothisterminal.

Pin2:Trigger:
Theo/p of thetimerdepends on theamplitudeoftheexternal trigger pulseapplied



to this pin.

Pin3:Output:
Thereare2waysaloadcanbeconnectedtotheo/p terminaleitherbetweenpin3& ground or

between pin 3 & supply voltage


(BetweenPin3&Ground ON
load)(Between Pin 3 & +Vcc


OFFload )

(i) When the input is low:

TheloadcurrentflowsthroughtheloadconnectedbetweenPin3&+Vccin  to  the
output terminal & is called the sink current.

(ii) When the output is high:

The current through the load connected between Pin 3 & +Vcc (i.e. ON
load) is zero. However the output terminal supplies current to the normally
OFF load. This

currentiscalledthesource current.

Pin4:Reset:

The 555 timer can be reset (disabled) by applying a negative pulse to this pin. When
the reset function is not in use, the reset terminal should be connected to +Vcc to avoid any
false triggering.

Pin5:Control voltage:
An external voltage applied to this terminal changes the threshold as well as trigger

voltage. In other words by connecting a potentiometer between this pin & GND, the pulse
width of  the  output  waveform can be  varied.  When not  used,  the control  pin should be
bypassed to ground with 0.01 capacitor to prevent any noise problems.

Pin6:Threshold:
This  is  the  non inverting input  terminal  of  upper  comparator  which monitors  the

voltage across the external capacitor.

Pin7:Discharge:
Thispin is connectedinternallyto thecollector oftransistor Q1.

Whenthe outputis highQ1 is OFF.



Whenthe outputis lowQis (saturated) ON.

Pin8:+Vcc:Thesupplyvoltageof+5Vto+18Visappliedtothispinwithrespecttoground.



BlockDiagramof555 TimerIC:

From the above figure, three 5k internal resistors act as voltage divider providing bias voltage of
2/3 Vcc to the upper comparator & 1/3 Vcc to the lower comparator. It is possible to vary time
electronically by applying a modulation voltage to the control voltage input terminal (5).

(i) IntheStablestate:

TheoutputofthecontrolFFishigh.Thismeansthattheoutputislowbecauseofpower  amplifier
which is basically an inverter. Q = 1; Output = 0
(ii) AttheNegative goingtriggerpulse:

Thetriggerpassesthrough (Vcc/3)theoutputof thelowercomparator goeshigh&sets the
FF.Q=1;Q=0

(iii) At the Positive going trigger pulse: It passes through 2/3Vcc, the output of the upper 
comparator goes high and resets the FF. Q = 0; Q = 1 The reset input (pin 4) provides a 
mechanismtoresettheFFinamannerwhichoverridestheeffectofanyinstructioncomingtoFF from 
lower comparator.



Monostable Operation:

Fig:555connectedasa Monostable Multivibrator

Model Graph:



Initiallywhen the output is low, i.e. the circuit is in a stable state, transistor Q1 is ON & capacitor C
is shorted to ground. The output remains low. During negative going trigger pulse, transistor Q1 is
OFF, which releases the short circuit across the external capacitor C & drives the output high. Now
thecapacitorCstarts  chargingtowardVccthroughRA.Whenthevoltageacrossthecapacitorequals  2/3
Vcc, upper comparator switches from low to high. i.e. Q = 0, the transistor Q1 = OFF ; the output is
high.

(a)

(b)

(c)

(d)

(e)

SinceCisunclamped,voltageacrossitrisesexponentiallythroughRtowardsVccwithatime 
constantRC(figb)asshowninbelow.Afterthetimeperiod,theuppercomparatorresetstheFF,
i.e. Q = 1, Q1 = ON; the output is low.[i.e discharging the capacitor C to ground potential (fig c)]. 
The voltage across the capacitor as in fig (b) is given by

Vc=Vcc(1-e-t/RC)..........................(1)
ThereforeAt t= T,Vc = 2/3 Vcc

2/3Vcc=Vcc(1-e-T/RC)
or



T =RC ln (1/3)

Or

T =1.1RC seconds...............................(2)

IftheresetisappliedQ2=OFF,Q1=ON,timingcapacitorCimmediatelydischarged.Theoutput  now will

be as in figure(d &e). If the reset is released output will still remain low until a negative going

trigger pulse is again applied at pin 2.

ApplicationsofMonostableModeof 
Operation: (a) Frequency Divider:

The555 timeras amonostablemode.It canbeused as afrequencydividerbyadjustingthe

lengthofthetimingcycletpwithrespecttothetimeperiodTofthetriggerinput.Tousethe 
monostablemultivibratorasadivideby2circuit,thetimingintervaltpmustbealargerthanthe


timeperiodofthetriggerinput.[Divideby2 tp>Tofthetrigger]Bythesameconcept,touse

themonostablemultivibratorasadivideby3circuit,tpmustbeslightlylargerthantwicethe


periodofthe input trigger signal&so on, [divideby3 tp>2T oftrigger]
(b) Pulsewidthmodulation:

Fig:PulseWidthModulationOutput Waveform

Pulsewidthofacarrierwavechangesinaccordancewiththevalueofaincoming

(modulating signal) is known as PWM. It is basically monostable multivibrator. A modulating 
signalisfedintothecontrolvoltage(pin5).Internally,thecontrolvoltageisadjustedto2/3Vcc 
externallyappliedmodulatingsignalchangesthe controlvoltagelevelofuppercomparator.As a result, 
the required to change the capacitor up to threshold voltage level changes, giving PWM output.



(c) PulseStretcher:

This application makes use of the fact that the output pulse width (timing interval) of the
monostablemultivibratoris oflongerduration than thenegativepulsewidth oftheinput trigger.As such,
the output pulse width of the monostable multivibrator can be viewed as a stretched versionof the
narrow input pulse, hence the name ― Pulse stretcher‖. Often, narrow –pulse width signals are not
suitable for driving an LED display, mainly because of their very narrow pulse widths. In other
words, the LED may be flashing but not be visible to the eye because its on time is infinitesimally
small compared to its off time. The 55 pulse stretcher can be used to remedy this problem. The
LED will be ON during the timing interval tp= 1.1RAC which can be varied by changing the value
of RA& C.

Fig:PulseStretcher

The555 timerasan Astable Multivibrator:
An Astable multivibrator, often called a free running multivibrator, is a rectangular 

wave generating circuit. Unlike the monostable multivibrator, this circuit does not require an 

external trigger to change the state of the output, hence the name free running. However, the time 

duringwhichtheoutputiseitherhighorlowisdeterminedby2resistorsandcapacitors,whichare externally 

connected to the 55 timer.



Fig:Astable Multivibrator

Model Graph

Theabove figures showthe555timerconnected asan astablemultivibrator and itsmodel graph

Initially,  when the output is  high  :Capacitor  C starts  charging toward Vcc through RA& RB.
However, as soon as voltage across the capacitor equals 2/3 Vcc. Upper comparator triggers the FF
& output switches low.
WhentheoutputbecomesLow:

CapacitorCstartsdischargingthroughRBandtransistorQ1,whenthevoltageacrossC equals 1/3

Vcc,lowercomparatoroutputtriggersthe FF&theoutputgoesHigh.Thencyclerepeats.The



capacitorisperiodicallycharged&dischargedbetween2/3Vcc&1/3Vccrespectively.Thetime duringwhich
thecapacitor chargesfrom 1/3Vccto2/3 Vccequal tothe timetheoutputis high &

isgivenby

tc=(RA+RB)Cln2…....................(1)Where[ln 2 =0.69]

=0.69 (RA+RB)C

WhereRA&RBarein ohms. And C is infarads.

Similarly,thetimeduringwhichthecapacitorsdischargesfrom2/3Vccto1/3Vccisequaltothe time, the 
output is low and is given by,

tc=RBCln2

td=0.69 RBC.................................(2)

whereRBis inohms and Cis in farads.
Thusthe total period oftheoutput waveformis

T =tc+td=0.69 (RA+2RB)C............................(3)
This, in turn, gives thefrequencyof oscillation as,f0=1/T =1.45/(RA+2RB)C...................(4)

Equation 4 indicates that the frequency f 0is independent of the supply voltage Vcc. Often the term
duty cycle is used in conjunction with the astable multivibrator. The duty cycle is the ratio of the
time tcduring which the output is high to the total time period T. It  is generally expressed as a
percentage.

%dutycycle=(tc/ T )*100

%DC =[(RA+RB)/ /(RA+2RB)]* 100

AstableMultivibrator 

Applications:



Fig:SquareWaveOscillator

With out reducing RA= 0 ohm, the astable multivibrator can be used to produce square wave
output. Simply by connecting diode D across Resistor RB. The capacitor C charges through RA&
diode D to approximately

2/3Vcc&dischargesthroughRB&Q1untilthecapacitorvoltageequalsapproximately1/3Vcc, then the
cycle repeats.

Toobtainasquarewaveoutput,RAmustbeacombinationofafixedresistor&potentiometerso  that  the
potentiometer can be adjusted for the exact square wave.

(b) Free– runningRampgenerator:
 Theastablemultivibratorcanbeusedasafree–runningrampgeneratorwhenresistorRA& RBare 

replaced by a current mirror.

 Thecurrentmirrorstarts chargingcapacitorCtoward Vccata constant rate.

 WhenvoltageacrossCequalsto2/3Vcc,uppercomparatorturnstransistorQ1ON&C rapidly 
discharges through transistor Q1.

 WhenvoltageacrossCequalsto1/3Vcc,lowercomparatorswitchestransistorOFF& then 
capacitor C starts charging up again..

 Thusthecharge– dischargecyclekeepsrepeating.

 Thedischargingtimeofthecapacitor isrelativelynegligiblecompared toits chargingtime.

 Thetimeperiodofthe rampwaveformisequaltothechargingtime&isapproximatelyis given 
by,

T = VccC/3IC................................................................(1)

IC=(Vcc-VBE)/R=constantcurrent 
Thereforethefree–runningfrequencyoframp generator is



f0=3IC/ VccC..........................................(2)



UNITV

ICVOLTAGE REGULATORS

Four most commonlyused switching converter types: Buck:used the reduce a DC voltage to 
alowerDCvoltage.Boost:providesanoutputvoltagethatishigherthantheinput.Buck- 
Boost(invert):anoutputvoltageisgeneratedoppositeinpolarity totheinput.Flyback:an output 
voltage that is less than or greater than the input can be generated, as well as multiple 
outputs.Converters:Push-Pull:A two-transistorconverterthatisespeciallyefficientatlow 
inputvoltages.Half-Bridge:Atwo-transistorconverterusedinmanyoff-lineapplications. Full-
Bridge:A four-transistor converter (usually used inoff-line designs) that can 
generatethehighestoutputpowerofallthetypeslisted.Applicationinformationwillbeprovided 
alongwithcircuitexamplesthatillustratesomeapplicationsofBuck,Boost,andFlyback regulators.
5.2.1SwitchingFundamentals 
The law of inductance
If a voltage is forced across an inductor, a current will flow through that inductor (and this
current will vary with time). The current flowing in an inductor will be time-varying even if
the forcing voltage is constant. It is equally correct to say that if a time-varying current is
forced to flow in an inductor, a voltage across the inductor will result. The fundamental law
that defines the relationship between the voltage and current in an inductor is given by the
equation:

v =L(di/dt)

Twoimportantcharacteristicsofaninductorthatfollowdirectlyfromthelawofinductance are:

1) A voltage across an inductor results only from a current that changes with time. A steady

(DC) current flowing in an inductor causes no voltage across it (except for the tiny voltage

drop across the copper used in the windings).

2) Acurrent flowing in an inductor can not change value instantly (in zero time), as this 

would require infinite voltage to force it to happen. However, the faster the current is 

changedinan inductor, the larger the resulting voltage will be. Note: Unlikethecurrent 

flowingintheinductor,thevoltageacrossitcanchangeinstantly(inzerotime).Theprinciples of 

inductance are illustrated by the information contained in Figure.



The important parameter is the di/dt term, which is simply a measure of how the current 

changes with time.When the current is plotted versus time, the value of di/dt is defined as 

theslopeofthecurrentplotatanygivenpoint.Thegraphontheleftshowsthatcurrentwhich is constant

with time has a di/dt value of zero, and results in no voltage across the inductor.

Thecentergraphshowsthatacurrentwhichisincreasingwithtimehasapositivedi/dtvalue, resulting 

in a positive inductor voltage. Current that decreases with time (shown in the right- 

handgraph)givesanegativevaluefordi/dtandinductorvoltage.Itisimportanttonotethata linear 

current ramp in an inductor (either up or down) occurs only when it has a constant voltage 

across it.

TransformerOperation:

A transformer is a device that has two or more magnetically-coupled windings. The
basic operation is shown in Figure. The action of a transformer is such that a time-varying(AC)
voltage or current is transformed to a higher or lower value, as set by the transformer turns
ratio. The transformer does not add power, so it follows that the power (V X I) on either side
must be constant. That is the reason that the winding with more turns has higher voltage but
lower current, while the winding with less turns has lower voltage but higher current.The dot
on a transformer winding identifies its polarity with respect to another winding, and reversing
the  dot  results  in  inverting  the  polarity  Example  of  Transformer  Operation:  An  excellent
example  of  how a  transformer  works  can  be  found under  the  hood of  your  car,  where  a
transformer is used to generate the 40 kV that fires car‘s spark plugs.



SparkFiring Circuit:

The "coil" used to generate the spark voltage is actually a transformer, with a very high

secondary- to-primary turns ratio. When the points first close, current starts to flow in the primary

winding and eventually  reaches  the final  value set  by the 12V battery and the  current  limiting

resistor. At this time, the current flow is a fixed DC value, which means no voltage is generated

across either winding of the transformer.

When the points open, the current in the primary winding collapses very quickly, causing a large

voltage to appear across this winding. This voltage on the primary is magnetically coupled to (and

stepped up by) the secondary winding, generating a voltage of 30 kV - 40 kV on the secondaryside.

As explained previously, the law of inductance says that it is not possible to instantly breakthe

current flowing in an inductor (because an infinite voltage would be required to make it happen).

This principle is what causes the arcing across the contacts used in switches that are in circuits

with highly inductive loads. When the switch just begins to open, the high voltage generated allows

electrons to jump the air gap so that the current flow does not actually stop instantly. Placing a

capacitor across the contacts helps to reduce this arcing effect. In the automobile ignition, acapacitor

is placed across the points to minimize damage due to arcing when the points "break" the current

flowing in the low-voltage coil winding (in car manuals, this capacitor



isreferredtoas a"condenser").

PulseWidthModulation(PWM):

All of the switching converters that will be covered in this paper use a form of output voltage

regulation  known  as  Pulse  Width  Modulation  (PWM).  Put  simply,  the  feedback  loop  adjusts

(corrects) the output voltage by changing the ON time of the switching element in the converter. As

an example of how PWM works, we will examine the result of applying a series of square wave

pulses to an L-C filter (see Figure).

The series of square wave pulses is filtered and provides a DC output voltage that is equal to the
peak pulse amplitude multiplied times the duty cycle (duty cycle is defined as the switch ON time
divided by the total  period).  This relationship explains how the output  voltage can be directly
controlled by changing the ON time of the switch.

Switching Converter Topologies The most commonly used DC-DC converter circuits will now be
presented along with the basic principles of operation.

BuckRegulator:
The most commonly used switching converter is the Buck, which is used to down-convert a DC

voltage to a lower DC voltage of the same polarity. This is essential in systems that use distributed

power rails (like 24V to 48V), which must be locally converted to 15V, 12V or 5V with very little

power  loss.  The  Buck  converter  uses  a  transistor  as  a  switch  that  alternately  connects  and

disconnects the input voltage to an inductor (see Figure).



The lower diagrams show the current flow paths (shown as the heavy lines) when the switch is on

and off. When the switch turns on, the input voltage is connected to the inductor. The difference

between the input and output voltages is then forced across the inductor, causing current throughthe

inductor to increase. During the on time, the inductor current flows into both the load and the

output capacitor (the capacitor charges during this time).

When the switch isturned off, the input voltage applied to the inductor is removed. However, since

the current in an inductor can not change instantly, the voltage across the inductor will adjust to

hold  the  current  constant.  The input  end of  the  inductor  is  forced  negative  in  voltage  by  the

decreasingcurrent,  eventuallyreachingthepoint  where  thediode  is  turned  on.  Theinductorcurrent

then flows through the load and back through the diode. The capacitor discharges into the load

duringtheofftime,contributingtothetotalcurrentbeingsuppliedtotheload(thetotalloadcurrent  during

the switch off time is the sum of the inductor and capacitor current).

The shape of the current flowing in the inductor is similar to previous figure. As explained, the

current through the inductor ramps up when the switch is on, and ramps down when the switch is

off.TheDCloadcurrentfromtheregulatedoutputistheaveragevalueoftheinductorcurrent.The  peak-to-

peak difference in the inductor current waveform is referred to as the inductor ripple current, and

the inductor is typicallyselected large enough to keep this ripple current less than 20%



to30% ofthe rated DC current.

Continuousvs.Discontinuousoperation

In most Buck regulator applications, the inductor current never drops to zero during Full-load 

operation (this is defined as continuous mode operation). Overall performance is usually better 

using continuous mode, and it allows maximum output power to be obtained from a given input 

voltage and switch current rating. In applications where the maximum load current is fairly low, it 

can be advantageous to design for discontinuous mode operation. In these cases, operating in 

discontinuousmodecanresultinasmalleroverallconvertersize(becauseasmallerinductorcanbe 

used).Discontinuous mode operation at lower load current values is generally harmless, and even 

converters designed for continuous mode operation at full load will become discontinuous as the 

load current is decreased (usually causing no problems).

Boost Regulator:

The Boost regulator takes a DC input voltage and produces a DC output voltage that ishigher

in value than the input (but of the same polarity). The Boost regulator is shown in Figure, along with

details showingthe path of current flow duringthe switch on and offtime. Whenever the switch is on,

the input voltage is forced across the inductor which causes the current through it to increase (ramp

up).

When the switch is off, the decreasing inductor current forces the "switch" end of the inductor to

swing positive. This forward biases the diode, allowing the capacitor to charge up to a voltage that

is higher than the input voltage. During steady-state operation, the inductor current flows into both

the output capacitor and the load during the switch off time. When the switch is on, the load



current is suppliedonlybythecapacitor.

OutputCurrentandLoad power:

An important design consideration in the Boost regulator is that the output load current and the

switch current are not equal, and the maximum available load current is always less than thecurrent

rating  of  the  switch  transistor.  It  should  be  noted  that  the  maximum total  power  availablefor

conversion in anyregulator is equal to the input voltage multiplied times the maximum average

inputcurrent(whichislessthanthecurrentratingoftheswitchtransistor).  Sincetheoutputvoltage  of  the

Boost is higher than the input voltage, it follows that the output current must be lower than the

input current.

Buck-Boost(Inverting) Regulator:
The Buck-Boost or Inverting regulator takes a DC input voltage and produces a DC output voltage
that is opposite in polarity to the input. The negative output voltage can be either larger or smallerin
magnitude than the input voltage. The Inverting regulator is shown in Figure.

When theswitchis on, theinput voltageis forced acrosstheinductor,causing an increasingcurrent flow

through it.  During the on time, the discharge of the output capacitor is the onlysource of load

current.  This  requires  that  the  charge  lost  from  the  output  capacitor  during  the  on  time  be

replenished during the off  time. When the switch turns off,  the decreasing current  flow in the

inductor causes the voltage at the diode end to swing negative. This action turns on the diode,

allowing the current in the inductor to supplyboth the output capacitor and the load. As shown, the

load current is supplied by inductor when the switch is off, and by the output capacitor when the

switch is on.



FlybackRegulator:

The Flyback is the most versatile of all the topologies, allowing the designer to create one or more

output  voltages,  some of  which  may be  opposite  in  polarity.  Flyback  converters  have  gained

popularity in battery-powered systems, where a single voltage must be converted into the required

system voltages (for example, +5V, +12V and -12V) with very high power conversion efficiency.

The basic single-output flyback converter is shown in Figure.

The most important feature of the Flyback regulator is the transformer phasing, as shown by

the dots on the primary and secondarywindings. When the switch is on, the input voltage is forced

across the transformer primary which causes an increasing flow of current through it.

Note that the polarity of the voltage on the primary is dot-negative (more negative at the

dotted end), causing a voltage with the same polarity to appear at the transformer secondary (the

magnitude of the secondary voltage is set by the transformer seconday-to-primary turns ratio).

The dot-negative voltage appearing across the secondary winding turns off the diode, reventing

current flow in the secondarywinding during the switch on time. During this time, the load current

must be supplied by the output capacitor alone. When the switch turns off, the decreasing current

flow in the primary causes the voltage at the dot end to swing positive. At the same time, the

primary voltage is reflected to the secondary with the same polarity. The dot-positive voltage



occurring across the secondary winding turns on the diode, allowing current to flow into both the

load and the output capacitor. The output capacitor charge lost to the load during the switch ontime

is replenished during the switch off time. Flyback converters operate in either continuous mode

(where the secondarycurrent is always >0) or discontinuous mode (where the secondary current

falls to zero on each cycle).



GeneratingMultipleOutputs:
Another big advantage of a Flyback is the capability of providing multiple outputs .In such

applications, one of the outputs (usually the highest current) is selected to provide PWM feedback
to the control loop, which means this output is directly regulated. The other secondary winding(s)
are indirectlyregulated, as their pulse widths will follow the regulated winding.The load regulation
on  the  unregulated  secondaries  is  not  great  (typically  5  -  10%),  but  is  adequate  for  many
applications.  If  tighter  regulation  is  needed  on  the  lower  current  secondaries,  an  LDO  post-
regulator is an excellent solution. The secondary voltage is set about 1V above the desired output
voltage, and the LDO provides excellent output regulation withvery little loss of efficiency.

The Push-Pull converter uses two to transistors perform DC-DC conversion.The converter operates

byturning on each transistor on alternate cycles (the two transistors are never on at the same time).

Transformer secondary current  flows at  the same time as primary current  (when either  of  the

switches is on). For example, when transistor "A" is turned on, the input voltage is forced acrossthe

upper primary winding with dot-negative polarity. On the secondary side, a dot-negativevoltage

will appear acrossthewindingwhich turns on thebottom diode.This allowscurrent to flow into the

inductor to supply both the output capacitor and the load. When transistor "B" is on, the input

voltage is forced across the lower primary winding with dot-positive polarity.



Thesamevoltagepolarityonthesecondaryturns onthetopdiode,andcurrentflowsintotheoutput capacitor
and the load. An important characteristic of a Push-Pull converter is that the switch transistors
haveto  beablethestandoffmorethan  twicetheinput  voltage:  when  onetransistoris  on
(andtheinputvoltageis forced acrossoneprimarywinding)thesamemagnitudevoltageisinduced across
the other primary winding, but it is "floating" on top of the input voltage. This puts the collector of
the  turned-off  transistor  at  twice  the  input  voltage  with  respect  to  ground.  The  "double  input
voltage" rating requirement of the switch transistors means the Push-Pull converter is best suited
for lower input voltage applications. It has been widely used in converters operating in 12V and
24V battery-powered systems.

Figure shows a timing diagram which details the relationship of the input and output pulses. It is
important to note that frequency of the secondary side voltage pulses is twice the frequency of



operationofthePWMcontrollerdrivingthetwotransistors.Forexample,ifthePWMcontrolchip was set 
up to operate at 50 kHz on the primary side, the frequency of the secondary pulses would be 100 
kHz. This highlights whythe Push-Pull converter is well-suited for low voltage converters. The 
voltage forced across each primary winding (which provides the power for conversion) is the 
fullinputvoltageminusonlythesaturationvoltageoftheswitch. If MOS-FETpowerswitches are used, 
the voltage drop across the switches can be made extremely small, resulting in very high 
utilization of the available input voltage. Another advantage of the Push-Pull converter is that it 
can also generate multiple output voltages (by adding more secondary windings), some of which 
may be negative in polarity. This allows a power supply operated from a single battery to provide 
all of the voltages necessary for system operation. A disadvantage of Push-Pull converters is that 
they require very good matching of the switch transistors to prevent unequal on times, since this 
will result in saturation of the transformer core (and failure of the converter).

OutputCapacitorESR effects:



The primary function of the output capacitor in a switching regulator is filtering. As the converter

operates,  current must  flow into and out of the output  filter  capacitor.  The ESR of the output

capacitor  directly  affects  the  performance  of  the  switching regulator.  ESR is  specified  by  the

manufacturer on good quality capacitors,  but be certain that it  is specified at  the frequency of

intended operation.

General-purpose electrolytes usually onlyspecify ESR at 120 Hz, but capacitors intended for high-

frequency switching applications will have the ESR guaranteed at high frequency (like 20 kHz to

100 kHz). Some ESR dependent parameters are: Ripple Voltage: In most cases, the majorityof the

output ripples voltage results from the ESR of the output capacitor. If the ESR increases (as it will

at low operating temperatures) the output ripple voltage will increase accordingly.

Efficiency: As the switching current flows into and out of the capacitor (through the ESR), poweris

dissipated  internally.  This  "wasted"  power  reduces  overall  regulator  efficiency,  and  can  also

causethecapacitorto  fail  iftheripplecurrent  exceeds  themaximum  allowablespecification  forthe

capacitor.

LoopStability:TheESRoftheoutputcapacitorcanaffectregulatorloopstability.Productssuchas  the

LM2575 and LM2577 are compensated for stability assumingthe ESR of the output capacitor will

stay within a specified range. Keeping the ESR within the "stable" range is not always simple in

designs  that  must  operate  over  a  wide  temperature  range.  The  ESR  of  a  typical  aluminum

electrolytic may increase by 40X as the temperature drops from 25°C to -40°C.

In these cases, an aluminum electrolytic must be paralleled by another type ofcapacitor with a
flatter ESR curve (like Tantalum or Film) so that the effective ESR (which is the parallel value of
the two ESR's) stays within the allowable range.  Note: if  operation below -40°C is  necessary,
aluminum electrolytics are probably not feasible for use.



Bypass Capacitors:

High-frequency bypass capacitors are always recommended on the supply pins of IC devices,
but if the devices are used in assemblies near switching converters bypass capacitors are absolutely
required.  The  components  which  perform  the  high-speed  switching  (transistors  and  rectifiers)
generate significant EMI that easily radiates into PC board traces and wire leads. To assure proper
circuit operation, all IC supply pins must be bypassed to a clean, low-inductance ground.

LINEAR REGULATORS

 Allelectroniccircuitsneedadcpowersupplyfortheiroperation.Toobtainthisdcvoltage from 
230 V ac mains supply, we need to use rectifier.

 Thereforethefiltersareusedtoobtaina―steady‖dcvoltagefromthepulsatingone.

 Thefiltereddcvoltageisthenappliedtoaregulatorwhichwilltrytokeepthedcoutput  voltage
constant in the event of voltage fluctuations or load variation.

 We know the combination of rectifier & filter can produce a dc voltage. But the problem with
this type of dc power supply is that its output voltage will not remain constant in the event of
fluctuations in an ac input or changes in the load current(IL).

 Theoutput ofunregulated powersupplyisconnected attheinputof voltageregulatorcircuit.

 Thevoltageregulatorisaspeciallydesigned circuitto keepthe outputvoltageconstant.

 Itdoesnot remain exactlyconstant.Itchangesslightlyduetochangesincertainparameters.

Factorsaffectingtheoutput voltage:

i) IL(LoadCurrent)

ii) VIN(InputVoltage)
iii) T(Temperature) 

IC Voltage Regulators:

TheyarebasicallyseriesregulatorswithallthebasicblockspresentinsidetheIC. Therefore it is 
easier to use IC voltage regulator instead of discrete voltage regulators.

ImportantfeaturesofIC Regulators:

1. Programmableoutput

2. Facilityto boost the voltage/current

3. Internallyprovidedshort circuitcurrentlimiting
4. Thermalshutdown

5. Floatingoperationto facilitate highervoltageoutput



ClassificationsofICvoltage regulators:

ICVoltage Regulator

FixedVolt Reg. AdjustableO/P Volt Reg Switching Reg

Positive/negative

 Fixed&AdjustableoutputVoltageRegulatorsareknownasLinearRegulator.

 Aseriespasstransistorisusedanditoperatesalwaysinitsactive 
region. Switching Regulator:

1. SeriesPassTransistoractsasa switch.

2. Theamountofpowerdissipationinitdecreasesconsiderably.

3. Powersavingresultishigherefficiencycomparedtothatof 
linear. Adjustable Voltage Regulator:

AdvantagesofAdjustableVoltageRegulatoroverfixedvoltageregulatorare,

1. Adjustableoutput voltagefrom 1.2vto 57 v

2. Outputcurrent 0.10to 1.5 A

3. Betterload&line regulation

4. Improvedoverload protection

5. Improvedreliabilityunderthe100%thermaloverloading 

Adjustable Positive Voltage Regulator (LM317):

 LM317seriesadjustable3terminalpositivevoltageregulator,thethreeterminalsareVin, Vout 
& adjustment (ADJ).
 LM317requires only2external resistors toset theoutput voltage.

 LM317producesavoltageof1.25vbetweenitsoutput&adjustmentterminals.Thisvoltageis called 
as Vref.

 Vref(ReferenceVoltage)isaconstant, hencecurrent I1flowsthroughR1willalso beconstant.BecauseresistorR1setscurrentI1.Itiscalled―current set‖or―programresistor‖.



 ResistorR2iscalledas―Outputset‖resistors,hencecurrentthroughthisresistoristhesumofI1

 LM317isdesignedinsuchasthatIadjisverysmall&constantwithchangesinlinevoltage& load 
current.

 TheoutputvoltageVois,Vo=R1I1+(I1+Iadj)R2------------- (1)

WhereI1= Vref/R1

Vo=(Vref/R1)R1+Vref/R1+IadjR2

=Vref +(Vref/R1)R2 + Iadj R2

Vo=Vref[1+R2/R1] +IadjR2------------- (2)

R1=Current(I1)setresistor 

R2=output(Vo)set resistor

Vref=1.25vwhichisaconstantvoltagebetweenoutputandADJterminals.

 CurrentIadjis verysmall. Thereforethe secondterm in(2)canbeneglected.

 Thusthefinalexpression fortheoutput voltageisgiven by

Vo=1.25v[1+R2/R1]-------------- (3)

Eqn (3) indicates that we can vary the output voltage by varying the resistance R2. 
ThevalueofR1isnormallykeptconstantat240ohms forallpracticalapplications.

PracticalRegulatorusingLM317:



 If LM317isfarawayfromtheinputpowersupply,then0.1μfdisctypeor1μftantalum 
capacitor should be used at the input of LM317.

 Theoutput capacitor Cois optional.Co shouldbeinthe rangeof 1to 1000μf.
 TheadjustmentterminalisbypassedwithacapacitorC2thiswillimprovetheripplerejection ratio as 
high as 80 dB is obtainable at any output level.
 Whenthe filtercapacitorisused, itis necessarytousethe protectivediodes.

 ThesediodesdonotallowthecapacitorC2todischargethroughthelowcurrentpointofthe 
regulator.

 Thesediodesarerequiredonlyforhighoutputvoltages(above25v)&forhighervaluesof output 
capacitance 25μf and above.

IC723–GENERALPURPOSE REGULATOR

Disadvantagesoffixedvoltageregulator:

1. Do not havethe shot circuit protection

2. OutputvoltageisnotadjustableThese 

limitations can be overcomes in IC723.

FeaturesofIC723:

1. Unregulateddcsupplyvoltage at theinputbetween 9.5V&40V

2. Adjustableregulatedoutputvoltagebetween2to3V.

3. Maximumload currentof 150mA(ILmax=150mA).

4. Withtheadditionaltransistorused,ILmaxupto10Aisobtainable.
5. PositiveorNegative supplyoperation



6. InternalPowerdissipationof 800mW.

7. Builtinshortcircuitprotection.

8. Verylow temperature drift.

9. Highripple rejection.

Thesimplifiedfunctional blockdiagramcan bedividedin to4 blocks.

1. Referencegeneratingblock
2. ErrorAmplifier

3. SeriesPass transistor

4. Circuitryto limit the current

1. ReferenceGeneratingblock:

The temperature compensated Zener diode, constant current source & voltage reference

amplifier together from the reference generating block. The Zener diode is used to generate a

fixed reference voltage internally. Constant current source will make the Zener diode to operate

at  affixed  point  &  it  is  applied  to  the  Non  –  inverting  terminal  of  error  amplifier.  The

Unregulated input voltage ±Vcc is applied to the voltage reference amplifier as well as error

amplifier.

2. Error Amplifier:

Erroramplifierisahighgaindifferentialamplifierwith2input 

(inverting & Non-inverting). The Non-inverting terminal is connected 

to the internallygenerated reference voltage. The Invertingterminal is 

connected to the full regulated output voltage.



Fig:FunctionalblockdiagramofIC723



Fig:Pin diagramofIC723

3. SeriesPass Transistor:

Q1istheinternalseriespasstransistorwhichisdrivenby the 

error amplifier. This transistor actually acts as a variable resistor

& regulates the output voltage. The collector of transistor Q1 is 
connected to the Un-regulated power supply. The maximum 
collectorvoltageofQ1islimitedto36Volts.Themaximumcurrent 
which can be supplied by Q1 is 150mA.

4. Circuitryto limit the current:

TheinternaltransistorQ2isusedforcurrentsensing&limiting.Q2is normally 
OFF transistor. It turns ON when the ILexceeds a predetermined limit.

 Lowvoltage,Lowcurrentiscapableofsupplyingloadvoltagewhichisequaltoor between
2 to 7Volts.



Vload=2to7V 
Iload=150mA

IC723as aLOW voltageLOW current :

Fig:Typicalcircuitconnection diagram

 R1&R2 froma potentialdividerbetween Vref &Gnd.

 TheVoltageacrossR2isconnectedtotheNon–invertingterminaloftheregulatorIC



Vnon-inv=

R1R2

R
Vref 2

 Gainoftheinternalerror amplifieris large

Vnon-inv= Vin

 ThereforetheVoisconnectedtotheInvertingterminalthroughR3&RSCmustalsobe equal to 
Vnon-inv

Vo=Vnon-inv =

R1R2

R
Vref 2

R1&R2 canbeintherangeof 1KΩto10KΩ&value ofR3 isgiven by

R3 = R1R2
RR2

 Rsc(currentsensingresistor)isconnectedbetweenCs&CL.ThevoltagedropacrossRsc is 
proportional to the IL.

 Thisresistorsuppliestheoutputvoltageintherangeof2to7volts,buttheloadcurrent can be 
higher than 150mA.

 Thecurrent sourcingcapacityisincreased byincludinga transistor Q in the circuit.

 Theoutputvoltage,Vo=
R2 

R1R2 Vref



IC723as a HIGHvoltageLOW Current:



Fig:Typicalcircuitconnection diagram

 Thiscircuitiscapableofsupplyingaregulatedoutputvoltagebetweentherangeof7to 37 volts 
with a maximum load current of 150 mA.

 TheNon–invertingterminalisnowconnectedtoVrefthroughresistanceR3.

 ThevalueofR1&R2areadjustedinordertogetavoltageofVrefattheinverting terminal 
at the desired output.

Vin=Vref = R2 Vo
R1R2

R1R2
Vo =                 

R2

Or

Vref

Vo=[1+R1] Vref

R2



 RscisconnectedbetweenCL&Csterminalsasbefore&itprovidestheshortcircuit current 
limiting

Rsc= 0.6

ILimit

 Thevalue ofresistors R3 is given by,

R3=R1 ll R2 =R1R2

RR2

IC723asaHIGH voltageHIGH Current:

Fig:Typicalcircuitconnection diagram

 AnexternaltransistorQisaddedinthecircuitforhighvoltagelowcurrentregulatorto improve
its current sourcing capacity.

 Forthiscircuittheoutput voltagevariesbetween7 &37V.

 TransistorQincreasethe currentsourcingcapacitythusIL(MAX)ia greaterthan 150mA.

 Theoutput voltage Vo isgiven by,



Vo=

R1+R2

------------ Vref

R2

0.6

 ThevalueofRscisgivenbyRsc=ILimit

SWITCHINGREGULATOR:

An example of general purpose regulator is Motorola‘s MC1723. It can be
used  in  many  different  ways,  for  example,  as  a  fixed  positive  or  negative  output  voltage
regulator, variable regulator or switching regulator because of its flexibility.

Tominimizethepowerdissipationduringswitching,theexternaltransistorusedmustbe a 
switching power transistor.

Toimprovetheefficiencyofaregulator,theseriespasstransistorisusedasaswitch rather than 
as a variable resistor as in the linear mode.

 A regulator constructed to operate in this manner is called a series switching regulator.
Insuchregulatorstheseriespasstransistorisswitchedbetweencutoff&saturationata  high
frequency which produces a pulse width modulated (PWM) square wave output.

 ThisoutputisfilteredthroughalowpassLCfiltertoproduceanaveragedcoutput voltage.

 Thusthe outputvoltageis proportionalto the pulsewidth and frequency.

 Theefficiencyofaseriesswitchingregulatorisindependentoftheinput&output 
differential & can approach 95%



Fig:BasicSwitchingregulator

Abasic switchingregulator consists of4majorcomponents,

1. VoltagesourceVin

2. Switch S1

3. PulsegeneratorVpulse

4. FilterF1

1. VoltageSourceVin:

Itmaybeanydcsupply–abatteryoranunregulatedoraregulated voltage.The voltage source 
must satisfy the following requirements.

 Itmustsupplytherequiredoutputpower&thelossesassociatedwiththe 
switching regulator.



 Itmustbelargeenoughtosupplysufficientdynamicrangeforline&load 
regulations.

 Itmustbesufficientlyhightomeettheminimumrequirementoftheregulatorsystem to be 
designed.

 Itmayberequiredtostoreenergyforaspecified amountoftimeduringpower 
failures.

2. SwitchS1:

Itistypicallyatransistororthyristorconnectedasapowerswitch&isoperatedinthe saturated 
mode. The pulse generator output alternately turns the switch ON & OFF

3. Pulsegenerator Vpulse:

It provides an asymmetrical square wave varying in either frequency or pulse width called

frequency modulation or pulse width modulation respectively. The most effective frequency

range for the pulse generator for optimum efficiency 20 KHz. This frequency is inaudible to

the  human  ear  &  also  well  within  the  switching  speeds  of  most  inexpensive  transistors

&diodes.

 The duty cucly of the pulse wave form determines the relationship between theinput
& output voltages. The duty cycle is the ratio of the on time ton, to the period T of
the pulse waveform.

Dutycycle=



tonton toff

ton
= =ton f.

T

Whereton = On-time ofthe pulsewaveform



toff=off-timeofthepulse waveform

T=time period=ton + toff

=1/frequencyor T
= 1/f

 Typicaloperatingfrequenciesofswitchingregulatorrangefrom10 to50khz.

 Loweroperatingfrequencyimproveefficiency&reduceelectricalnoise,but 
require large filter components (inductors & capacitors).

4. FilterF1:

Itconvertsthepulsewaveformfromtheoutputoftheswitchintoadcvoltage.Since  this
switching mechanism allows a conversion similar to transformers, the switching regulator is
often referred to as a dc transformer.

The output voltage Vo of the switching regulator is a function of duty cycle & the
input voltage Vin.

Voisexpressedasfollows,

Vo =T

ton
Vin

 This  equation  indicatesthat,  iftimeperiod Tis  constant,  Vois  directlyproportional  to
theON-time,tonforagivenvalueofVin.Thismethodofchangingtheoutputvoltage  by
varying ton is referred to as a pulse width modulation.

 Similarly,iftonisheldconstant,theoutputvoltageVoisinverselyproportionaltothe
periodTordirectlyproportional to thefrequencyofthepulse waveform. This method of
varying the output voltage is referred to as frequency modulation (FM).

 Switchingregulator canoperate inanyof 3 modes



i) Step– Down

ii) Step– Up

iii) Polarityinverting

POWERAUDIOAMPLIFIERICLM380:

FeaturesofLM380:

1. Internallyfixed gain of 50 (34dB)

2. Outputisautomaticallyself centringto one half ofthe supplyvoltage.

3. Outputisshortcircuitproofwithinternalthermallimiting.

4. Inputstageallowstheinputtobeground referencedoraccoupled.

5. Widesupplyvoltagerange(5 to22V).

6. Highpeakcurrent capability.

7. Highimpedence.

8. Lowtotalharmonic distortion

9. Bandwidth of 100KHz at Pout = 2W &RL=8Ω

Introduction:

Small signal amplifier areessentiallyvoltageamplifier that supplytheirloads with larger 
amplifiersignalvoltage.Ontheotherhand,largesignalorpoweramplifiersupplyalargesignal current to 
current operated loads such as speakers & motors. In audio applications, however, the amplifier 
called upon to deliver much higher current than that suppkied by general purpose op- amps. This 
means that loads such as speakers & motors requiring substantial currents cannot be driven 
directly by the output of general purpose opo-amps.

Howeverthere aretwopossible solutions,

 Tousediscreteormonolithicpowertransistorscalledpowerboostersattheoutputofthe op-amp

 TousespecializedICsdesignedaspower amplifiers.



Fig:FunctionalblockdiagramofAudioPowerAmplifier

Fig:Pindiagram



Fig:Blockdiagra

LM380circuit description:

Itisconnectedof4stages,

(i) PNP emitter follower

(ii) Differentamplifier

(iii) Common emitter

(iv) Emitterfollower

(i) PNP Emitter follower:

 TheinputstageisemitterfollowercomposedofPNPtransistorsQ1&Q2whichdrivesthe  PNP
Q3-Q4 differential pair.

 The choice of PNP input transistors Q1 & Q2 allows the input to be referenced to ground
i.e., the input can be direct coupled to either the inverting & non-inverting terminals of the
amplifier.

(ii) DifferentialAmplifier:

 Thecurrent inthe PNPdifferential pair Q3-Q4isestablishedbyQ7,R3 &+V.

 ThecurrentmirrorformedbytransistorQ7,Q8&associatedresistorsthenestablishesthe 
collector current of Q9.



 TransistorQ5&Q6constituteofcollectorloadsforthePNPdifferentialpair.

 TheoutputofthedifferentialamplifieristakenatthejunctionofQ4&Q6transistors&is applied 
as an input to the common emitter voltage gain.

(iii) Common Emitter:

 CommonEmitteramplifierstageisformedbytransistorQ9withD1,D2&Q8asacurrent source 
load.

 ThecapacitorCbetweenthebase&collectorofQ9providesinternalcompensation& helps 
to establish the upper cutoff frequency of 100 KHz.

 SinceQ7&Q8formacurrentmirror,thecurrentthroughD1&D2isapproximatelythe  same  as
the current through R3.

 D1 & D2 are temperature compensating diodes for transistors Q10 & Q11 in that D1 & D2
have the same characteristics as the base-emitter junctions of Q11. Therefore the current
through Q10 & (Q11-Q12) is approximately equal to the current through diodes D1 & D2.

(iv) (Outputstage)-Emitterfollower:

 Emitterfollower formed byNPN transistorQ10 &Q11. The combination ofPNP transistor
Q11  &  NPN  transistor  Q12  has  the  power  capability  of  an  NPN  transistors  but  the
characteristics of a PNP transistor.

 ThenegativedcfeedbackappliedthroughR5balancesthedifferentialamplifiersothatthe  dc
output voltage is stabilized at +V/2;

 Todecoupletheinputstagefromthesupplyvoltage+V,bypasscapacitorinorderofmicro  farad
should be connected between the by pass terminal (pin 1) & ground (pin 7).

 Theoverallinternalgainoftheamplifierisfixedat50.Howevergaincanbeincreasedby  using
positive feedback.



5.4.1 APPLICATIONS:

(i) AudioPower Amplifier:

 Amplifierrequiresveryfewexternalcomponentsbecauseoftheinternalbiasing,compensation & 
fixed gain.

 Whenthepoweramplifierisusedinthenoninvertingconfiguration,theinvertingterminal may be
either shorted to ground, connected to ground through resistors & capacitors.

 Similarlywhenthepoweramplifierisusedintheinvertingmode,thenoninvertingterminal may be 
either shorted to ground or returned to ground through resistor or capacitor.

 Usuallyacapacitorisconnectedbetweentheinvertingterminal&groundiftheinputhasa high 
internal impedance.

 Asaprecautionarymeasure,anRCcombinationshouldbeusedattheoutputterminal(pin8) to 
eliminate 5-to-10 MHz oscillation.

 C1iscouplingcapacitorwhichcouplestheoutput oftheamplifiertothe8ohmsloudspeaker which 
act as a load. The amplifier will amplify the Vinapplied at the non-inverting terminal.

(ii) LM380 as a Highgain:
 ThegainofLM380isinternallyfixedat50.Butitcanbeincreasedbyusingthe external 

components.
 Theincreaseingainispossibleduetotheuseofpositivefeedback,thissetuptoobtainagain 200.



(iii) LM380 as a variable Gain:

 Insteadofgettingafixedgainof50,itispossibletoobtainavariablegainupto50by connecting
a potentiometer between the input terminals.

(iv) LM380 as aBridge Audio PowerAmplifier:



 IfacertainapplicationrequiresmorepowerthanwhatisprovidedbyasingleLM380 
amplifier, then 2 LM380 chips can be used in the bridge configuration.

 WiththisarrangementwegetanoutputvoltageswingwhichistwicethatofasingleLM380 
amplifier.

 Asthevoltageisdoubled,poweroutputwillincreasebyfourtimesthatofasingleLM380 
amplifier. The pot R4 is used to balance the output offset voltages of the two chips.

(v) Intercomsystemusing LM 380:

 Whenthe switchis inTalkmodeposition, themasterspeakeracts asamicrophone.

 WhentheswitchisinListenposition,theremotespeakeractsasa microphone.

 Ineitherphonetheoverallgainofthecircuitisthesamedependsontheturnsoftransformer T.



Fig: Talkmode

Fig:Listenmode

OPTOCOUPLERS/OPTOISOLATORS:

 OptocouplersorOptoisolatorsisacombinationoflightsource&lightdetectorin  the  same
package.
 Theyareused tocouplesignal fromonepointtootheroptically,byprovidingacompleter electric

isolation between them. This kind of isolation is provided between a low power control
circuit & high power output circuit, to protect the control circuit.

 Dependingonthetypeoflightsource&detectorusedwecangetavarietyof
optocouplers.



Theyareas follows,

(i) LED– LDRoptocoupler

(ii) LED–Photodiode optocoupler

(iii) LED–Phototransistoroptocoupler 

Characteristics of optocoupler:

(i) CurrentTransfer Ratio(CTR)
(ii) IsolationVoltage

(iii) ResponseTime

(iv) Common ModeRejection

(i) CurrentTransferRatio:

Itisdefinedastheratioofoutputcollectorcurrent(Ic)tothe input 
forward current (If)

CTR= Ic/If*100%

Itsvaluedependsonthedevicesusedassourcedetector.(ii)Isolationvoltagebetween

input & output:

It is the maximum voltage which can exist differentially 

between the input & output without affecting the electrical 

isolationvoltageisspecifiedinKVrmswitharelativehumidity of 40 

to 60%.

(iii)ResponseTime:

Responsetimeindicateshowfastanoptocouplercanchangeits 
output state. Response time largely depends on the detector 
transistor, input current & load resistance.

(iv)Commonmode Rejection:

Eventhough the optocouplers are electricallyisolated for dc & low frequencysignals, 
animpulsiveinputsignal(thesignalwhichchangessuddenly)cangiverisetoadisplacement



currentIc=Cf*dv/dt.Thiscurrentcanflowbetweeninput&outputduetothecapacitanceCf existing 
between input & output. This allow the noise to appear in the output.

Typesofoptocoupler:

(i) LED–Photodiodeoptocoupler:



 LEDphotodiodeshowninfigure,heretheinfraredLEDactsasalightsource&photodiodeis used as a
detector.

 Theadvantageofusingthephotodiodeisitshighlinearity.Whenthepulseattheinputgoes high, the
LED turns ON. It emits light. This light is focused on the photodiode.

 In response to this light the photocurrent will start flowing though the photodiode. As soon as
the input pulse reduces to zero, the LED turns OFF & the photocurrent through the photodiode
reduces to zero. Thus the pulse at the input is coupled to the output side.

(ii)LED–PhototransistorOptocoupler:



 TheLEDphototransistoroptocouplershowninfigure.Aninfrared LEDactsasalightsource and the
phototransistor acts as a photo detector.

 Thisisthemostpopularlyusedoptocoupler,becauseitdoesnotneedanyadditional 
amplification.

 Whenthepulseattheinputgoeshigh,theLEDturnsON.ThelightemittedbytheLEDis focused 
on the CB junction of the phototransistor.

 Inresponsetothislightphotocurrentstartsflowingwhichactsasabasecurrentforthe 
phototransistor.

 The collector current of phototransistor starts flowing. As soon as the input pulse reduces to
zero, the LED turns OFF & the collector current of phototransistor reduces to zero. Thus the
pulse at the input is optically coupled to the output side.

AdvantagesofOptocoupler:

 Controlcircuitsarewellprotectedduetoelectrical isolation.

 Widebandsignaltransmissionispossible.

 Duetounidirectionalsignaltransfer,noisefromtheoutputsidedoesnotgetcoupledtothe input 
side.

 Interfacingwithlogiccircuitsiseasilypossible.

 Itissmallsize&lightweightdevice. 
Disadvantages:

 Slow speed.



 Possibilityof signal couplingforhigh powersignals.

Applications:

Optocouplersareusedbasicallytoisolatelowpowercircuitsfrom high 
power circuits.

 Atthesametimethecontrolsignalsarecoupledfromthecontrolcircuitstothehighpower circuits.

 Someofsuchapplications are,

(i) ACtoDC convertersusedforDCmotorspeedcontrol

(ii) Highpowerchoppers

(iii) Highpowerinverters

 Oneofthemostimportantapplicationsofanoptocoupleristocouplethebasedrivingsignals to a 
power transistor connected in a DC-DC chopper.

 Notethattheinput&outputwaveformsare180ºoutofphaseastheoutputistakenatthe collector 
of the phototransistor.

OptocouplerIC:

TheoptocouplersareavailableintheICformMCT2EisthestandardoptocouplerIC which is 
used popularly in many electronic application.

 Thisinputisappliedbetweenpin1&pin2.Aninfraredlightemittingdiodeisconnected between
these pins.

 Theinfraredradiationfromthe LEDgetsfocusedontheinternalphototransistor.

 Thebaseofthephototransistorisgenerallyleftopen.Butsometimesahighvaluepulldown 
resistance is connected from the Base to ground to improve the sensitivity.

 Theblockdiagramshowstheopto-electronic-integratedciruit(OEIC)andthemajor 
components of a fiber-optic communication facility.



1.DefineanIntegratedcircuit.
An integrated circuit(IC) is a miniature ,low cost electronic circuit consisting of

active  andpassivecomponentsfabricated  togetheron  asingle  crystal  ofsilicon.The  active
components are transistors and diodes and passive components are resistors andcapacitors.

2.WhatarethebasicprocessesinvolvedinfabricatingICsusingplanar technology?
1.Siliconwafer(substrate)preparation 
2.Epitaxial growth
3.Oxidation 
4.Photolithography 
5.Diffusion
6.Ionimplantation
7.Isolationtechnique 
8.Metallization
9.Assemblyprocessing &packaging

3.Listoutthestepsusedin thepreparationofSi– wafers.
1.Crystalgrowth&doping
2.Ingottrimming& grinding
3.Ingotslicing
4.Waferpolicing&etching
5.Wafer cleaning

4.Writethebasicchemicalreactionintheepitaxialgrowthprocessofpure silicon.
Thebasicchemicalreactionintheepitaxialgrowthprocessofpuresiliconisthe hydrogen 

reduction of silicon tetrachloride.
1200oC

SiCl4+2H2<•••••••••••>Si +4 HCl



6.Whatarethetwoimportantpropertiesof SiO2?
1.SiO2isanextremelyhardprotectivecoatng&isunaffectedbyalmostall 

reagents except by hydrochloric acid. Thus it stands against any contamination.
2.ByselectiveetchingofSiO2,diffusionofimpuritiesthroughcarefullydefined 

windows in the SiO2can be accomplished to fabricate various components.

7.Explaintheprocessof oxidation.
Thesiliconwafersarestackedupinaquartzboat&theninsertedintoquartzfurnace tube. The 

Si wafers are raised to a high temperature in the range of 950 to 1150oC
&atthesametime,exposedtoagascontainingO2orH2Oorboth.Thechemicalactionis Si + 2H2O

•••••••••••> Si O2+ 2H2

8. Whatareoxidationinduceddefectsinsemi
conductor? 1.Stacking faults
2.Oxide isolation defects

Stacking   faults  :
Structural  defects  in  the  silicon  lattice  is  called  oxidation  induced  stacking

faults.The  growth  of  stacking  faults  is  a  strong  function  of  substrate  orientation  ,
conductivitytype &defect nuclei present.The stackingfaults formation can be suppressed
by the addition of HCl.
Oxideisolationdefects  :      

The stress  along the  edges  of  an oxidised area produce severe damage in  the
silicon. Such defects results  in increased leakage in nearby devices.High temperatures
(around 950oC ) will prevent stress induced defect formation.

9.What is lithography?
Lithographyisaprocessbywhichthepatternappearingonthemaskistransfered to the 

wafer.It involves two steps: the first step requires applying a few drops of 
photoresisttothesurfaceofthewafer&thesecondstepisspinningthesurfaceto getan even 
coating of the photoresist across the surface of the wafer.

10.Whatarethedifferent typesoflithography?Whatisopticallithography?
Thedifferenttypesoflithographyare: 

1.Photolithography
2.Electronbeam lithography
3.X raybeamlithography
4.Ionbeamlithography

Optical   lithography:      
OpticallithographycomprisestheformationimageswithvisibleorUVradiation in a 

photoresist using contact, proximity or projection printing.
13.Whatarethe twoprocesses involved in photolithography?

a) Makingaphotographic 
mask b) Photoetching

The development of photographic mask involves the preparation of initial artwork 
and its reduction , decomposition of initial artwork or layout into several mask 
layers.PhotoetchingisusedfortheremovalofSiO2fromdesiredregionssothatthe desired 
impurities can be diffused.
14.Distinguishbetweendryetching&wet etching.



Dry etching Wet etching
1.Gaseousmixtureisused asthe chemical

reagent.
Chemicalreagentsusedareintheliquid
form.

2.Smallerlineopenings(1µm) are
possible with dryetching

Lineopeningarelarger.(>1µm)

3.Itproducesstraightwalledetching
process.

Itproducespatternswithundercutting.

15.Whatismeantbyreactiveplasma 
etching?

The term reactive plasma is meant to describe a discharge in which ionization & 
fragmentationofgasestakesplace&producechemicallyactiveplasmaspecies,frequently 
oxidizers and reducing agents.Such plasmas are reactive both in the gas phase & with 
solid surfaces exposed to them.When theseinteractions areused to form volitile products 
so that material is removed or etching of material form surfaces that are not masked to 
form lithographic patterns , the technique is known as reactive plasma etching.

16.Whatareisotropic&anisotropicetchingprocesses?
Isotropicetchingisawet etchingprocesswhichinvolves undercutting.
Aisotropic etching is a dry etching process which provides straight walledpatterns.

17.Definediffusion.
The process of introducing impurities into selected regions of a silicon wafer is

called diffusion. The rate atwhich various impurities diffuse into the silicon will be of the
order of 1µm/hr at the temperature range of 900oC to 1100oC .The impurity atoms have
the tendency to move from regions of higher concentrations to lower concentrations.
18.Whatisdielectricisolation?

In dielectric isolation, a layer of solid idelectric such as SiO2or ruby completely
surrounds each components thereby producing isolation , both eletrical & physical.This
isolating  dielectric  layer  is  thick  enough  so  that  its  associated  capacitance  is
negligible.Also,  it  is  possible  to fabricate  both pnp & npn transistors within the same
silicon substrate.
19.Whatarethe advantagesof ionimplantation technique?

1. Itisperformedatlowtemperature.Therefore,previouslydiffusedregionshave a 
lesser tendency for lateral spreading.

2. In diffusion process, temperature has to be controlled over a large area inside 
the oven, wheras in ion implantation process,accelerating potential & beam 
content are dielectrically controlled from outside.

20.What is metallization?
Theprocessofproducingathinmetalfilmlayarthatwillservetomake interconnection of the

various components on the chip is called metallization.

UNITII
CharacteristicsofOp-Amp

1.WhataretheadvantagesofICsoverdiscretecircuits.?
1. Minimization&henceincreasedequipmentdensity.
2. Costreductiondueto batch processing.
3. Increasedsystemreliability



4. Improvedfunctional performance.
5. Matcheddevices.
6. Increasedoperatingspeeds
7. Reductioninpowerconsumption

2. What is OPAMP?
An operational amplifier is a direct coupled high gain amplifier consisting 

ofoneormoredifferentialamplifiers,followedby aleveltranslatorandanoutput stage.It is a
versatile device that can be used to amplify ac as well as dc input signals &designed 
for computing mathamatical functions such as addition, subtraction , multiplication, 
integration & differentiation
.

3.Drawthepinconfigurationof IC741.

4. ListouttheidealcharacteristicsofOPAMP?

( i )Open loop gain infinite 
(ii)Inputimpedanceinfinite 
(iii)Output impedance low

(iv) Bandwidthinfinite
(v)Zerooffset,ie,Vo=0when V1=V2=0

5.whatarethedifferentkindsof packagesofIC741?
a)Metalcan(TO) package
b)Dual-in-linepackage
c)Flatpackageor flatpack

6.Whatarethe assumptionsmadefromideal
i)The current drawn by either

inverting/inverting)isnegligible.
ii)thepotentialdifferencebetween

opampcharacteristics?
of the input terminals(non-

theinverting &non-inverting



inputterminalsiszero.

7. Mentionsomeof thelinear applicationsofop–amps :
Adder, subtractor, voltage –to- current converter, current –to- voltage converters,

instrumentation amplifier, analogcomputation ,power amplifier, etc are some of the linear
op-amp circuits.
8.Mentionsomeof thenon –linear applicationsof op-amps:-

Rectifier, peak detector, clipper, clamper, sample and hold circuit, log 
amplifier,anti –log amplifier, multiplier are some of the non – linear op-amp circuits.
9.Whatarethe areasofapplication of non-linearop-amp circuits?

¯ industrialinstrumentation
¯ Communication

¯ Signalprocessing

10.Whathappenswhen thecommon terminalofV+and V-sources isnotgrounded?
Ifthecommonpointofthetwosuppliesisnotgrounded,twicethesupplyvoltage will get 

applied and it may damage the op-amp.

11.Defineinputoffsetvoltage.
Asmallvoltageappliedtotheinputterminalstomaketheoutputvoltageas zero 

when the two input terminals are grounded is called input offset voltage.

12. Defineinputoffsetcurrent.Statethereasonsfortheoffsetcurrentsattheinputof  the  op-
amp.

The difference between the bias currents at the input terminals of the op-amp is
called as input offset current. The input terminalsconduct a small value of dc current
to bias the input transistors.Since the input transistors cannot be made identical,there
exists a difference in bias currents.

13. DefineCMRR ofan op-amp.

Therelative sensitivityofan op-amp toadifferencesignalas compared toa
common–modesignaliscalledthecommon–moderejectionratio.Itis expressed in 
decibels.

CMRR=Ad/Ac

14. Inpracticalop-amps,whatistheeffectofhighfrequencyonitsperformance?
Theopen-loopgainofop-ampdecreasesathigherfrequenciesduetothe presence of 

parasitic capacitance. The closed- loop gain increases at higher frequencies and leads
to instability.

15. Whatis the needforfrequencycompensationin practical op-amps?
Frequencycompensation  isneededwhenlargebandwidthandlowerclosedloop

gainis  desired.Compensatingnetworksareused  tocontrolthephaseshift  andhence  to
improve the stability.



16.Mentionthefrequencycompensationmethods.
*Dominant-polecompensation
*Pole-zero compensation.

17.Whatarethemerits and demeritsof Dominant-pole compensation?
*noiseimmunityof thesystem is improved.
*Open-loopbandwidthisreduced.

18.Defineslew rate.
The slew rate is defined as the maximum rate of change of output voltage caused

by a step input voltage.An ideal slew rate is infinite which means that op-amp’soutput
voltage should change instantaneously in response to input step voltage.

19.WhyIC 741 isnot used forhighfrequencyapplications?
IC741hasalowslewratebecauseofthepredominanceofcapacitancepresent in the 

circuit at higher frequencies. As frequency increases the output gets distorted due to 
limited slew rate.

20.Whatcausesslewrate?
There is a capacitor with- in or outside of an op-amp to prevent oscillation.Itis

this capacitor which prevents the output voltage from responding immediatelyto a
fast changing input.

21.Definethermaldrift.
The bias current , offset current & offset voltage change with temperature.

A circuit carefully nulled at 25oC may not remain so when the temperature raises to
35oC.This is called thermal drift . Often, offset current drift is expressed in nA/ o C and
offset voltage drift in mV/ oC.

22.Definesupplyvoltage rejection ratio(SVRR)
ThechangeinOPAMP’sinputoffsetvoltageduetovariationsinsupplyvoltageis  called

the supply voltage rejection ratio.It is also called Power Supply Rejection Ratio(PSRR) or
Power Supply Sensitivity(PSS).



UNITIII
ApplicationsofOpAmp

1.Whatistheneedforaninstrumentation amplifier?
In a number of industrial and consumer applications, the measurement of physical

quantities is usually done with the help of transducers. The output of transducer has to be
amplified So that it can drive the indicator or display system. This function is performed
by an instrumentation amplifier.

2.Listthefeaturesofinstrumentationamplifier:

¯ highgain accuracy
¯ high CMRR

¯ highgain stabilitywithlow temperatureco-efficient
¯ low dcoffset
¯ low output impedance

3.What is acomparator?
A comparator is a circuit which compares a signal voltage applied at 

oneinputofan op-ampwithaknown referencevoltageattheotherinput.It isan openloop op
-amp withoutput +Vsat.

4.Whataretheapplicationsof comparator?
¯ Zerocrossingdetector

¯ Windowdetector
¯ Timemarker generator
¯ Phase detector

5.Whatis aSchmitt trigger?

Schmitt trigger is a regenerative comparator. It converts sinusoidal input
into a square wave output. The output of Schmitt trigger swings between upper and lower
threshold voltages, which are the reference voltages of the input waveform.
6.What is amultivibrator?

Multivibrators are a group of regenerative circuits that are used extensively
in timing applications. It is a wave shaping circuit which gives symmetric or asymmetric
square output. It has two states either stable or quasi- stable depending on the type of
multivibrator.



7.Whatdoyou meanbymonostablemultivibrator?

Monostablemultivibratorisonewhichgeneratesasinglepulseofspecifiedduration
inresponseto eachexternal triggersignal.It has onlyonestablestate.Applicationofa

triggercausesachangetothequasi-stablestate.Anexternal
trigger signal generated due to charging and discharging of the capacitor produces the
transition to the original stable state.

8.Whatis anastablemultivibrator?

Astable multivibrator is a free running oscillator having two quasi-stable
states. Thus, there is oscillations between these two states and no external s i g n a l a r e
required to produce the change in state.

9.Whatis abistable multivibrator?
Bistable multivibrator is one that maintains a given output voltage level

unless an external trigger is applied . Application of an external trigger signal causes a
change of state, and this output level is maintained indefinitely until an second trigger is
applied . Thus, it requires two external triggers before it returns to its initial state

10.Whataretherequirementsforproducingsustainedoscillationsinfeedback 
circuits? For sustained oscillations,

¯ The total phase shift around the loop must be zero at the 
desiredfrequencyofoscillation,fo.ie,LAB=0(or)360°

¯ Atfo, the magnitudeoftheloop gain|A b|shouldbeequal to unity

11.Whatarethedifferenttypesof filters?
Basedonfunctions:Lowpassfilter,Highpassfilter,Bandpassfilter,

Band rejectfilter
Basedonorder of transferfunction: first ,second,third higher order filters. 
Basedonconfiguration: Bessel,Chebychev,Butterworthfilters.

12.Listthebroad classificationof ADCs.
1. DirecttypeADC.
2. IntegratingtypeADC.

13.Listoutthedirecttype ADCs.
1. Flash(comparator)typeconverter
2. Countertype converter
3. Trackingor servo converter
4. Successiveapproximationtypeconverter



14. Listoutsomeintegratingtype converters.
1. ChargebalancingADC
2. DualslopeADC

15.Whatisintegratingtype converter?
An ADC converter that perform conversion in an indirect manner by first

changingtheanalogI/Psignaltoalinearfunctionoftimeorfrequencyand thento a digital
code is known as integrating type A/D converter.

16.Explainin briefthe principleofoperation ofsuccessiveApproximationADC.
The  circuit  of  successive  approximation  ADC consists  of  a  successive

approximation register (SAR), to find the required value of each bit by trial &
error.With thearrival  of STARTcommand, SARsets theMSBbit to 1.  TheO/P is
converted into an analog signal & it is compared with I/P signal. This O/P is lowor
High. This process continues until all bits are checked.

17.Whatarethemainadvantages ofintegratingtypeADCs?

i. TheintegratingtypeofADC’sdonotneedasample/Holdcircuitatthe input.
ii. Itispossibletotransmitfrequencyeveninnoisyenvironmentorinan 

isolated form.

18.Defineconversiontime.
It is defined as the total time required to convert an analog signal into its

digital  output. It  depends on the conversion technique used & the propagation
delay of circuit components.
Theconversiontimeofa successiveapproximation typeADCis given

byT(n+1)
where T---clock period

Tc---conversiontime
nno. of bits

19.Defineresolutionof adata converter.
The resolution of a converter is the smallest change in voltage which may

be produced at the output or input of the converter.
Resolution (in volts)= VFS/2n-1=1 LSB increment. The resolution of an

ADC is defined as the smallest change in analog input for a one-bit change at the
output.

20.Explain in briefstabilityof aconverter:
Theperformanceofconverterchangeswithtemperatureage&power 

supplyvariation. So all the relevant parameters such as offset, gain, linearity error 
&monotonicity must be specified over the full temperature & power supply ranges
to have better stability performances.



21.What is meantbylinearity?
The linearity of an ADC/DAC is an important measure of its accuracy &

tells us how close the converter output is to its ideal transfer characteristics. The
linearity error is usually expressed as a fraction of LSB increment or percentage of
full-scale voltage. A good converter exhibits a linearity error of less than ±½LSB.

22.Whatis asampleand holdcircuit?Whereit isused?
A sample and hold circuit is one which samples an input signal and holds

on to its last sampled valueuntil the input is sampled again. This circuit is mainly
used in digital interfacing, analog to digital systems, and pulse code modulation
systems.

23.Definesampleperiodandhold period.
Thetimeduringwhichthevoltageacrossthecapacitorinsampleandhold  circuit

is equal to the input voltage is called sample period.The time period during which
the voltage across the capacitor is held constant is called hold period.



UNITIV
Special ICs

1.Whataretheapplicationsof555Timer ?
· astable multivibrator
· monostablemultivibrator
· Missingpulse detector
· Linearramp generator
· Frequencydivider
· Pulsewidth modulation
· FSK generator
· Pulse position modulator
· Schmitttrigger

2.Listtheapplicationsof555timerinmonostablemodeofoperation:
*missingpulse detector
*Linearramp generator
*Frequencydivider
*Pulsewidth modulation.

3. Listtheapplicationsof555timerinAstablemodeof 
operation: *FSK generator
*Pulse-positionmodulator

4.Define555IC?
The555timerisanintegratedcircuitspecificallydesignedtoperformsignal generation and

timing functions.

5.ListthebasicblocksofIC555timer?
· Arelaxationoscillator
· RS flip flop
· Twocomparator
· Dischargetransistor.

·
6.Listthefeaturesof555 Timer?

· Ithastwobasic operatingmodes:monostableandastble
· Itisavailable inthreepackages.8 pinmetalcan ,8 pindip, 14pin dip.
· Ithas veryhigh temperature stability.

7.Definedutycycle?



Theratioofhighoutputandlowoutputperiodisgivenbyamathematicalparameter called 
duty cycle. It is defined as the ratio of ON Time to total time.

8.Define VCO.
Avoltagecontrolledoscillatorisanoscillatorcircuitinwhichthefrequencyof oscillations 

can be controlled by an externally applied voltage.

9.Listthefeaturesof566 VCO.
· Wide supplyvoltage range(10-24V)
· Verylinear modulationcharacteristics
· Hightemperature stability

10. Whatdo u mean byPLL?
APLLisabasicallyaclosedloopsystemdesignedtolockoutputfrequency and phase

to the frequency and phase of an input signal.

11. Definelock range.
When PLL is in lock, it can trap freq changes in the incoming signal. The range of 

frequenciesoverwhichthePLLcanmaintainlockwiththeincomingsignaliscalledas lock 
range.

12. Definecapturerange.
TherangeoffrequenciesoverwhichthePLLcanacquirelockwiththeinputsignalis called as 
capture range.

13. Definepull-in time.
Thetotal timetaken bythe PLLto establish lockis called pull-in time.

14. Listtheapplicationsof565PLL.
· Frequencymultiplier
· Frequencysynthesizer
· FMdetector

15. Whatarethetwo typesofanalogmultiplierIcs?
a) ICAD533
b) ICAD534

16. WhatisICAD533?
It is a multiplier IC by analog devices. It is a low cost IC comprising a 

transconductancemultiplyingelement,stablereferenceandanoutputamplifier.

17. Listthefeaturesof ICAD533.
· Itsoperationisverysimple.
· Only4 external adjustments arenecessary
· Maximum4quadrant errorisbelow 0.5%



18. WhatisICAD534?
ItisamultiplierICbyanalogdevices.Itisthefirstgeneralpurposemultiplier capable of 

providing gain upto X100.

19. Listthefeaturesof ICAD534.
· Adjustablescale factor
· Lownoise
· Excellentlongtime stability

20. Listthefewapplications of ICAD534.
· Multiplier
· Divider
· High qualitysignal processing



UNITV
ApplicationICs

1.Whatisavoltage regulator?
Avoltageregulatorisanelectroniccircuitthatprovidesastabledcvoltage independent of 

the load current, temperature, and ac line voltage variations.

2.Givetheclassification ofvoltageregulators:
*Series/Linear regulators
*Switchingregulators.

3.Whatis alinear voltage regulator?
Series or linear regulator uses a power transistor connected in series between the

unregulated dc input and the load and it conducts in the linear region .The output voltage
is controlled by the continous voltage drop taking place across the series pass transistor.

4.What is aswitchingregulator?
Switching  regulators  are  those  which  operate  the  power  transistor  as  a  high

frequency  on/off  switch,  so  that  the  power  transistor  does  not  conduct  current
continously.This gives improved efficiency over series regulators.

5.Whataretheadvantagesof ICvoltage regulators?
*low cost
*highreliability
*reductioninsize
*excellent performance

6.GivesomeexamplesofmonolithicICvoltageregulators:
78XX series fixed output, positive voltage regulators
79XXseries  fixedoutput,negativevoltageregulators
723 general purpose regulator.

7.What  is  the  purpose  of  having  input  and  output  capacitors  in  three  terminal  IC
regulators?

A capacitor connected between the input terminal and ground cancels the inductive
effects  due  to  long  distribution  leads.  The  output  capacitor  improves  the  transient
response.

8. Defineline regulation.
Line regulation is defined as the percentage change in the output voltage for a

change in the input voltage.It is expressed in millivolts or as a percentage of the output



9.Defineload regulation.
Loadregulationisdefinedasthechangeinoutputvoltageforachangeinload current. It 

is expressed in millivolts or as a percentage of the output voltage.

10.What is meant bycurrent limiting?
Currentlimitingreferstotheabilityofaregulatortopreventtheloadcurrentfrom increasing above

a preset value.

11.Givethedrawbacksoflinear regulators:
*Theinputstepdowntransformerisbulkyandexpensivebecauseoflow line 

frequency.
*Becauseoflowlinefrequency,largevaluesoffiltercapacitorsarerequiredto decrease 
the ripple.

*Efficiencyisreducedduetothecontinouspowerdissipationbythe transistor as 
it operates in the linear region.

12.Whatistheadvantageofswitching regulators?
*Greater efficiency is achieved as the power transistor is made to operate aslow

impedance switch.Power transmitted across the transistor is in discrete pulses
rather than as a steady current flow.

*Byusingsuitableswitchinglossreductiontechnique,theswitchingfrequency can be 
increased so as to reduce the size and weight of the inductors and capacitors.

13.Whatis anopto-coupler IC?
Opto-coupler ICisacombinedpackageofaphoto-emittingdeviceandaphoto- sensing 

device.

14.Whatarethetypesofoptocouplers?
· LEDand aphoto diode,
· LEDandphototransistor,
· LEDandDarlington.
·

15.Givetwoexamplesof ICoptocouplers?
Examplesforopto-couplerIC

· MCT 2F
· MCT 2E .

16. Mentiontheadvantages ofopto-couplers:
*Betterisolationbetween the twostages.
*Impedanceproblembetweenthestagesis eliminated. 
*Wide frequency response.
*Easilyinterfaced withdigital circuit.



*Compactandlightweight.
*Problemssuchasnoise, transients,contactbounce,..areeliminated.

17.Whatis anisolation amplifier?
Anisolationamplifierisanamplifierthatofferselectricalisolationbetweenits input 

and output terminals.

18.Whatarethefeaturesofisolationamplifier?
· Easyto use
· Ultralow leakage
· 18pinDIPpackage

19. What is LM380?
Itisapoweramplifier producedbynationalsemiconductor.It iscapableofdelivering

2.5 Wmin, to 8 ohmload.

20.WhatarethefeaturesofMA78s40?
· Stepup,stepdownorinvertingoperation
· Operationfrom2.5to40V.

·80Dblineand load
regu
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